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MOBILE SENSOR SYSTEM FOR ANALYZING FLUID SAMPLES

BACKGROUND
[0601] The analysis of components in biological fluids (e.g., blood, uring, saliva, etc))
and other fluids {e.g., lguid or gas samples, et} is continuing {0 Increase m
importance. Biological fhud tests can be used m a health care environment to determine
physiological and/or biochemical states, such as disease, mineral content,
pharmaceutical drug effectiveness, and/or organ function. For example, it may be
desirable to determine an analvte concentration within an individual’s blood to manage
a health condition, such as diabetes. Consequently, the individual may be required to
g0 to a diagnostic laboratory or medical facihity to have blood drawn and then wait
{often for an extended period) for analysis results. The individeal typically schedules
a follow~up visit with a healthcare provider to review the analysis results, which can

also add cost.

BRIEF DESCRIPTION OF THE DRAWINGS
[0602] The detailed description 18 described with reference to the accompanving
figures. The use of the same reference nombers in different instances in the description
and the figures may indicate similar or identical items. Various cmbodiments or
examples {"examples”) of the present disclosure are disclosed in the following detailed
description and the accompanying drawings. The drawings are not necessarily to scale.
In general, operations of disclosed processes may be performed in an arbitrary order,

uniess otherwise provided 1n the claims.

[0003} FIG. 1A is a block diagram represcutation of an example of a test device

mcluding an embodiment of a sensor svstem for analyzing a fhud sample;

[0004] FIG. 1B 15 a block diagram representation of an example of a controller

configured to communicate with an embodiment of a sensor system;

10005} FIG. 2A is a diagrammatic partial cross-sectional side clevation view of an

embodiment of sensor system configured as a sensor package;

[06606] FIG. 2B is a diagrammatic partial cross-sectional side elevation view of an

embodiment of a sensor system configured as a sensor package;
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[0667] FIG. 3 1s a schematic view of an electronics configuration of an embodiment of
a sensor system;
[6608] FIG. 4 is a partial schematic view of an clectronics configuration of an

embodiment of a sensor system;

100097 FIG. § is a partial perspective view of a configuration of an embodiment of a

sensor system;

[6016] FIG. 61s a partial schematic view of an electronics configuration of an example

of a sense path of an embodiment of a sensor system;

[0013] FIG. 7A s a diagrammatic representation of a sensor system including multiple

arvays of conductive elements;

[0612) FIG. 7B 1s a diagrammatic representation of a sensor svstem inclading multiple

arravs of conductive elements;

[0013) FIG. 7C 15 a diagrammatic representation of a sensor system including multiple

arravs of conductive elements;

[0¢14] FIG. 81saflow diagram representation of an example of a process for analyzing

a fluid sample using an embodiment of a sensor system.

DETAILED DESCRIPTION

Overview

[0615] Sensor systems that allow for onsite analysis of fluid samples (e.g.. biclogical
fluids or other hiquid or gas samples) are increasing in importance. For example, onsite
sensor svstems can be used to analvze freshly collected fluid samples rather than having
to preserve the fluid samples tor transport to a remotely located lab for analvsis. Onsite
sensor systems can also be used to obtain faster results for analyzed fluid samples, to
perform analysis of fluid samples in remote areas where transportation and/or access 1o
test equipment 1s himited, to perform self~tests for patients who need to have one or
more of their biological samples {g.g., blood, saliva, uring, etc.) analvzed frequently

(rather than having to go to a healthcare facility each time a test 1s needed). and so forth.
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[0¢16] A mobile sensor system and process for analyzing a fluid sample are disclose

The sensor system includes at least one array of conductive elements forming an MxN
matnx, where M is a number of rows of conductive clements and N is a number of
columns of conductive clements. The sensor system further includes an electrode
proximate to the amay of conductive clements. The clectrode and the array of
conductive elements define a cavity that is configured to receive a fhad sample. The
slectrode is configured to transmit at least one electrical signal through the fhuid sample.
The sensor system also includes column selection circuitry {e.g., electronic switches)
configured to select a columm of the N columns of condactive elements. A plurality of
readout circuits are coupled to respective ones of the M rows of conductive elements.
The plurality of readout circuits are configured to receive signals from respective
conductive clements of a selected column of conductive clements. The signals
correspond to the electrical signal or signals transmitted through the fluid sample. For
example, a readout circuit can be configured to receive a signal from a respective one
of the conductive clements, where the signal is affected by changes in imapedance
resulting from particles (e g, cells, biclogical structures, beads, microparticles, ¢tc.) in
the fluid sample between the electrode and the respective one of the conductive
clements. The plurality of readout circutts are further configured to generate readout
signals based on the signals received from the respective conductive clements. In this
manner, the sensor system scans a sample space defined by the array of conductive
clements and generates mformational signals {i.c., readout signals) associated with
characteristics of the fluid sample, such as s particle content, particle morphology,
particle density, particle distribution, presence/absence of an analvite, analyte
concentration, and so forth. The sensor system also inchudes a plurality of analog-to-
digital convertors coupled to respective oncs of the plurality of readout circuits. The
plurality of analog-to-digital convertors are configured to convert the readout signals

from the plurality of readout circuits into digital signals.

10017} The sensor aystem may be implemented in a sensor package. For example, the
sensor system can be implemented 1n a sensor package (e.g., a chip) that is mounted to
or embedded in a test device {e.g., tost strip) or ancther device {e.g., a mobile device,
analysis instrument, fluid collection device {¢.g., syringe, intravenous blood drawing
device, or a push bution blood collection device that employs microneedles to draw

blood through a skin surface, such as the TAP device manufactured by Seventh Sense
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Biosvstems, Inc ), or fluid contaner {(e.g., microfluidic cassette, test tube, petn dish,
ctc.)). In some embodiments, the digital signals cutput by the analog-to-digital
converters are processed (e.g.. filtered, amplified, phase and/or frequency shifted,
maodulated, or the like) by digital processing circutiry coupled to the analog-to-digital
converters. The digital processing circuiiry can be configured to transmit the processed
digital signals to a controller {e.g., a controller of a test device, a mobile device
controller, or the like). The controller can then provide analytical resuits based on the
digital signals or may be configured to transmit information associated with the digital
signals (or results based on the digital signals) to another device or system that is

configured to store and/or analyze the mformation.

Example Implementations

[0618] Reforring to FIG. 1A, an example of atest device 100 mcluding an embodiment
of a sensor system 200 1s shown. Examples of a test devices 100 mclude, but are not
Emited to, a test strip, a mobile device, a computer device, an analysis instrument, a
fluid collection device, and a fluid container. Examples of mobile devices include, but
are not hinuted to, a smariphone, a wearable device, a tablet, a digital camera, a
notehook computer, a media player, and a portable gaming device. Examples of flaid
collection devices mclude, but are not limited to, a syringe, an mtravencus blood
drawing device, and a push button blood collection device that employs a microneedle
to draw blood through a skin surface. An example of a push button blood collection
device 1s a TAP device manufactured by Seventh Sense Biosystems, Inc. Examples of
fluid containers include, but are not himiuted fo, a nucrofluidic cassette, a test tube, and

a petn dish,

[06019] Inan embodiment, the test device 100 mcludes a controller 108, a sensor system
200, a transceiver 106, a batterv 110, and an antenna 104, The controller 108 1s
communicatively coupled to the sensor system 200 and the transceiver 106, The
transceiver 106 1s commumicatively coupled to the amtenna 104, The battery 110 is

electrically coupled to the sensor svstem 200

100207 The sensor system 200 is configured to receive a fluid sample and scan the
received thud sample to detect one or more analvtes m the flmd sample. In an

embodiment, the sensor system 200 1s configured to analyze a fluid sample by scanning
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the fluid sample to deternune at least one characteristic of particles that may be present
in the fhad sample. Examples of particles include, but are not limited to cells,
biclogical structures, beads, and microparticles. Examples of characteristic of the
particles include, but are not fimited to an amount of a particle within the fluid sample,
a spatial distribution of the particles within the fluid sample, dimensions of the particles

within the fhud sample, and a concentration of particles within the fluid sample.

10623} In an embodiment, the sensor syvstem 200 is be configured to perform an assay.
An assay is a test that is performed by adding one or more reagents to a fluid sample
and analvzing the manner m which the fluid sample and/or the reagents are
consequently affected.  For example, functionalized beads may agglutinate or
agglomerate when a certamn analvte is present in the fluid sample. Functional beads
typically comprise one or more reagents or are coated with one or more reagents.
Examples of assays include, but are not linmited to, agglutination assayvs, agglomeration
assays, mwmmuncassays, kinetic agglutination assays, agglomeration-of-beads assays,
kinetic agglomeration-of-beads assays, coagulation assays, kinetic coagulation assays,
surface antigen assays, receptor assays from biopsy procedures, circulating blood cells

assays, and circulating nucleic acid assays.

[06622] In an embodiment, the sensor system 200 is a component of the test device 100,
In an alternative embodiment, the sensor systern 200 may be coupled 1o a test device
100, In an embodiment, the sensor system 200 may be embedded within the test device

100,

66231 The controler 108 is configured to receive fluid sample data from the sensor
system 200. In an embodiment, the controller 108 is configured to communicate fluid
sampie data received from the sensor system 200 to an external device 101 via the
transceiver 106 and antenna 104, Examples of external devices 101 include, but are
not limited o, a mobile device, a computer, and an analysis instrument. In an
embodiment, the controller 108 1s a component of the sensor system 200, In an
alternative embodiment, the controller 108 i1s a component of an external device 101

commumnicatively coupled to the test device 160,

[0024] Examples of transceivers 106 include, but are not imited to, a nearficld

communication (NFC) transceiver or other short range transceivers. The transceoiver
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106 15 commumicatively coupled to the antenna 104 to enable the transmission of
information from the test device 100 and the receiving of information at the test device
100, In an embodiment, the transceiver 106 1s configured to commumnicatively couple
the test device 100 to an external device 101, The antenma 104 is configured to transmit
mformation sent by the controller 108 to the external device 101, For example, the
controller 108 can be configured to send information received from the sensor system
200 to the extemal device 101 via the transceiver 106 and the antenna 104, In an
embodiment, the extemal device 101 may be configured to receive information from
the controller 108 viaa direct (e.g., wired) connection. In an embodiment, the controller
108 is configured to receive information from the extermnal device 101 via the

transceiver 106 using a direct {¢.g., wired) connection).

{6625} The battery 110 is configured to power onc or more components of the test
device 100, In an embodiment, the battery 110 is electrcally coupled to the sensor
system 200, the controller 108, and the transceiver 106, In an embodiment, the battery
is directly electrically coupled to one or more of the sensor system 200, the controller
108 and the transceiver 106. In an embodiment, the batterv 110 s mdirectly coupled
to one or more of the sensor system 200, the controller 108, and the transceiver 106, In
an embodiment, the battery is configured to be inductively charged via the antenna 104
In an embodiment, an energy harvesting circuit can be electncally coupled to the

antenna 104,

6026} Referring 1B, an example of a controller 108 configured fo communicate with
the sensor system 200 1s shown. A sensor controller 234 has a configuration similar to
that of the controller 108, The controller 108 meludes a processor 112, a memory 114,
and a communications mterface 116, The processor 112 provides processing
functionality for at least the controller 108, The processor can include any number of
microprocessors, digital signal  processors, micro-controllers, circuitry, field
programmable gate array (FPGA) or other processing systems, and resident or external
memory for storing data, executable code, and other information accessed or generated
bv the controller 108/sensor system 200, The processor 112 can execute one or more
softwarg programs embodied in a non-transitory computer readable medium that
unplement techniques described herein.  The processor 112 is not limited by the

matenals from which it is formed or the processing mechanisms employed therein and,
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as such, can be implemented via semiconductor(s) and/or transistors {c.g., using

clectromic mtegrated circuit (IC) components), and so forth.

06027} The memory 114 can be an example of tangible, computer-readable storage
mediom that provides storage functionality to store various data and or program code
assoctated with operation of the controlier 108/sensor svstem 200, such as software
programs and/or code segments, or other data to instruct the processor 112, and possibly
other components of the controller 108/sensor svstem 200, to perform the functionality
described herein. Thus, the memory 114 can store date, such as a program of
mstructions for operating the controller 108/sensor svstem 200 (including 1s
components), and so forth. It should be noted that while a single memory 114 1s
described, a wide vanety of types and combinations of memory {e.g., tangible, non-
transitory memory) can be emploved. The memory 114 can be integral with the

processor 112, can comprise stand-alone memory, or can be a combination of both.

6028} Some examples of the memory 114 can include removable and non-removable
memory components, such as random-access memory (RAM), read-only memory
(ROM), flash memory {¢.g., a secure digital (§D) memory card, a mini-SP memory
card, and/or a micro-SP memory card), magnetic memory, optical memory, universal
serial bus (USB) memory devices, hard disk memory, external memory, and so forth.
In waplementations, the controller 108/sensor system 200 and/or the memory 114 can
include removable integrated circwit card (MU} memaory, such as memory provided by
a subscriber identity module (SIM) card, a universal subscriber identity module (USIM)

card, a universal miegrated circuit card (UTCC), and so on.

[0029] The communications interface 116 can be operatively configured to
communicate with components of the sensor systern 200 and/or transceiver 106, For
example, the communications mterface 116 can be configured to retrieve data from
storage in the sensor system 200, transmit data for storage in the sensor system 200,
and so forth. The communications interface 116 can also be communicatively couple

with the processor 112 to facilitate data transfer between components of the sensor
system 200 and the processor 112, It should be noted that while the communications
mterface 116 is described as a component of a controller 108/sensor systera 200, one
or more components of the communications interface (16 can be implemented as

external components commanicatively coupled to the sensor system 200 via a wired
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and/or wireless connection. The sensor system 200 can also be configured to connect
to one or more mput/output (/03 devices {e.g., viathe communications interface 1163,
For example, an O device can include, but 1s not linuted to, a display, a mouse, a
touchpad, a touchscreen, a kevboard, a microphone {¢.g., for voice commands), any

combination of thercof, and the hke.

[06038] The communications interface 116 and/or the processor 112 can be configured
to communicate with a variety of different networks, such as near-ficld communication
{NF() networks, a wide-area cellular telephone network, such as a cellular network, a
3G cellular network, a 4G cellular network, or a global svstem for mobile
communications {GSM) network; a wireless computer communications network, such
as a Wik network (e.g., a wireless local area network (WLAN) operated using IEEE
802.11 network standards); an ad-hoc wireless network, an internet; the Internet; a wide
arcanctwork {WAN); a local arcanetwork (LAN); a personal arca network (PAN} (e g,
a wireless personal arca network (WPAN) operated using IEEE 80215 network
standards); a public telephone network; an extranct; an mtranet; and sc on. However,
this list is provided by way of example only and is not meant to limit the present
disclosure.  Further, the communications interface 116 can be configured to
communicate with a simgle network or multiple networks across different access points.
In an embodiment, a communications interface 116 can transmit information from the
controtler 108 to an extemnal device {¢.g., mobile device, a computer connected o a
network, cloud storage, ¢tc.). In another embodiment, a communications mterface 116
can receive information from an external device (e.g.. a mobile device, a computer

connected to a network, cloud storage, etc.).

{0631} Refernng to FIG. 2A, an example of a packaged configuration of an
embodiment of a sensor system 200 disposed on a test device substrate 102 1s shown.
An embodiment of the sensor system 200 mncludes a sensor platform substrate 202, a
cap structure 204, a base substrate 206, an electrode structure 210 and a plurality of

conductive elements 214,

[6632F The plurality of conductive clements 214 are embedded within the sensor
platforo substrate 202. For example the plurality of conductive clements 214 may be
formed within one or more layers of the sensor platform substrate 202, Examples of

conductive elements 214 include, but are not limited to metal panels, metal pillars,
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panels formed from conductive materials, piflars formed from conductive matenals,
panels formed from semi-conductive materials, and pillars formed from semi-
conductive materials. Indiom tin oxide (0TQ) may be disposed upon the sensor
platform substrate 202 to reduce electrochemical effects. In an embodiment, the

plurality of conductive elements 214 are uniformly arranged in a planar configuration.

[06033] In embodiment, an clectrical insulator and/or protective layver is disposed upon
the conductive elements 214 such that the clectrical insulator and/or protective laver at

lcast partially covers the conductive elements 214.

[0634] In an embodiment, one or more of the conductive elements 214 are prepared for
performing an assay. In an embodiment. one or more of the conductive elements 214
are coated with dry chemistry. Examples of drv chemistry include, but are not tunited
to, dry chemical reagents, microparticles, and microbeads. In an alternative
embodiment. one or more of the conductive clements 214 are coated with a gel or slurry
in which chenical reagents and/or microparticles are suspended.  In an embodiment,
the electrical insulator and/or protective layer is coated with dryv chenustry. In an
embodiment, the electrical msulator and/or protective layer is coated with a gel or slurry

it which chemical reagents and/or microparticles are suspended.

{08358} The sensor platform substrate 202 1s disposed upon the base substrate 206, In
an embodiment, the sensor platform substrate 202 is at least partially embedded within
the base substrate 206, In an embodiment, the sensor platform substrate 202 defines a
portion of an integrated circuit, such as for example, an application specific integrated
circuit (ASEC), that 1s disposed upon and/or at least partially embedded within the base
substrate 206. In an embodiment, the sensor platform substrate 202 and the basc

substrate 206 are portions of a single substrate.

[6036] The sensor syvsiem 200 includes a cap structure 204, In an embodiment, the cap
structure 204 s disposed upon the sensor platform substrate 202, In an embodiment,
the cap structure 204 is disposed upon the base substrate 206. The cap stracture 204 is
disposed in relative proxinity to the conductive elements 214, In an embodiment, the
cap structure 204 includes a cap substrate that is mounted or otherwise coupled to the
sensor platform substrate 202, In an embodiment, the cap structure 204 includes a cap

substrate that 15 mounied on or otherwise coupled to the base substrate 206, In an
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embodiment, the cap structure 204 and sensor platform substrate 202 are portions of a
single substrate. In an embodiment, the cap structurg 204, the sensor platform substrate

202 and the base substrate 206 are portions of a single substrate,

[06637) The cap structure 204 has an nner surface 213, The electrode structure 2101
coupled to or embedded within the ner surface 213 of the cap structure 204 such that
the electrode structure 210 faces the plurality of conductive clements 214 disposed
within the sensor platform substrate 202, In an embodiment, an clectrical nsulator
and/or protective layer is disposed over the clectrode structure 210 such that the
clectrical insulator and/or protective laver at least partially covers the clectrode
structure 210, In an embodiment, the clectrode structure 210 1s prepared for performing
an assay. In an embodiment, the electrode structure 210 1s coated with dry chemistry.
Examples of dry chemistry include, but are not limited to, dry chemical reagents,
microparticles, and microbeads. In an alternative embodiment, the electrode structure
210 1s coated with a gel or slurry in which chemical reagents and/or microparticles are
suspended. In an embodiment, the electrical insulator and/or protective layer is coated
with dry chemistry. {n an embodiment, the clectrical msulator and/or protective layer
is coated with a gel or slurry 1n which chemical reagents and/or microparticles are

suspended.

[0038] In an embodiment, the electrode structure 210 includes a single electrode with
multiple surfaces having different distances from the inner surface 215 of the sensor
platform substrate 202. The multiple surfaces allow for different sensitivities and/or
can be used to filier the fluid sample 201 such cach portion of the sensor area below the
multi-level electrode 210 s sensitive to a different range of particle sizes. In an
embodiment, the electrode structure 210 includes multiple electrodes disposed on the
mner surface 213 of the cap structure 204 opposite the plurality of conductive clements
214. In an embodiment, the surfaces of each of the multiple electrodes of the electrode
structure 210 has a different distance from the nner sarface 213 of the sensor platform

substrate 202,

[6¢39] In an embodiment, the cap structure 204 and the sensor platform substrate 202
define a cavity 208, In an cmbodiment, the cap structure 204, the sensor platform
substrate 207 and the base substrate 206 define a cavity 208. The fluid sample 201 1s

depostted within the cavity 208 for testing. In an embodiment, the fhud sample 201 is
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deposited within the cavity 208 via capillary action. In an embodiment, the fluid sample
201 1is disposed within the cavity with the assistance of a syringe or a pump. An

example of a pump is a microfhudic pump.

[0648] The cavity 208 1s disposed between the electrode structure 210 and the
conductive clements 214, As described above, the electrode stracture 210 is disposed
upon the mner surface 213 of the cap structure 204, and the plurality of conductive
clements 214 are arranged upon the mner surface 215 of the sensor platform substrate
202 that is oppostte the inner surface 213 of the cap structure 204, The electrode
structure 210 is configured to transmit at least one clectrical test signal through the fluid
sample 201 in the direction of the plurality of conductive elements 214 thereby
generating a vertical clectric ficld relative to the planar arrangement of the plurality of
conductive elements 214, In other words, the generated electric field is substantially

perpendicular to the inner surface 2135 of the sensor platform substrate 202,

[6041] In an altemative embodiment, the plurality of conductive clements 214 arc
configured to transnut electrical fest signals that can be received by other ones of the
conductive elements 214 in order to generate horizontal clectric fields relative to the
receiving ones of the conductive elements 214, In other words, an electric ficld that is
substantially parallcl to the inner surface 2135 of the sensor platform substrate 202 1s

generated.

[6042] The clecincal test signal(s) generated by the clectrode structure 210 passes
through the fluid sample 201 disposed within the cavity 208 and at least a portion of
the electrical test signal(s) is detected by the phurality of the conductive elements 214,
The plurality of conductive clements 214 are configured to gencrate sense signals

corresponding to the detected portion of electrical test signal (s).

[0043} The sensor system 200 includes one or more electrical paths 220 that enable
glectrical coupling between electrical components disposed on/or coupled to the sensor
platform substrate 202 to other components of the test device 100, Examples of the
clectrical paths 220 include, but are not hinuted to, through-~silicon vias (TSVs) and

conductive traces.
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10044} The sensor platform substrate 202 includes a sensor platform connector 224,
Examples of sensor platform connectors 224 include, but are not imited to, mput/output
{1/ pads, VO pins, and V0 sockets. The sensor platform connectors 224 enable
clecirical couphing with clectronic components disposed on the semsor platform
substrate 202, such as for example the conductive elements 214, via the electrical

pathway 220,

{00457 The test device substrate 102 mcludes one or more test device connectors 103,
Examples of test device connectors 224 include, but are not limited to, mmput/output
{1/0) pads, /O pins, and /O sockets. Electrical coupling is provided between cloctrical
components disposed on the sensor platform substrate 202 and the test device 100 via
the sensor platform connector 224, the electrical pathway 220, the solder bump 222 and

the test device connector 103,

[¢846] In an embodiment, the electrode structure 210 is electrically coupled to an
clectrode connector 216 disposed on the sensor platform substrate 202 via a solder
bump 218, Examples of the clectrode connectors 216 include, but are not himited to
mput/outpat (/0) pads, V0 pins, and VO sockets. The electrode connector 216 is
coupled to and/or defines a portion of an clectrical path on sensor platform substrate
202 for electrically coupling the electrode structure 210 to other components of the
sensor system 200 and/or test device 100, An example of such a component is an
clectrade driver circuitry configured to dave the electrode structure 210, Ar example
of clectrode driver circuitry is a digital-to-analog converter (DAC). In embodiments,
where sensor platform substrate 202 and the cap structure 204 are portions of a common
structure, the electrode structure 210 can be clectrically coupled to the electrode driver
circuitry that drives the electrode stracture 210 by at least one clecirical path defined

on or through at least a portion of the common structure.

{0847} Reforring to FIG. 2B, an example of a packaged configuration of an altemative
embodiment of a sensor system 200 disposed on a test device substrate 201 1s shown,
The electrode structare 210 has a substantially flat or planar configuration. The
substantially flat electrode structure 210 is disposed on the inner swrface 213 of the cap
structure 204 and the plurality or conductive clements arc disposed opposite the

substantially flat electrode structure 210, In other embodiments, the electrode structure
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210 may be disposed on an inner sidewall of the cavity 208 with the conductive

clements being disposed on an opposing inner sidewall of the cavity 208,

[6048] In another embodiment, a first section of the cavity 208 may mclude a first
electrode structure 210 disposed on an mner surface 213 of the cap structure 204 and a
first plurality of conductive clements 214 disposed on an inner surface 215 of the sensor
platforo substrate 202 opposite the first clectrode structure and a second section of the
cavity 208 may include a second electrode structure 210 disposed on an inmer surface
215 of the sensor platform substrate 202 and a second pharality of conductive elements
214 disposed on an inner surface 213 of the cap structure 204 oppostic the second
electrode structure 210, While a number of different configurations of the electrode
structure 210 with respect to a plarality of conductive elements 214 have been
described, alternative configurations mav be used where one or more clectrode
structures 210 are disposed within an inver surtace of the cavity 208 with one or nore
sets of a plurality of conductive elements 214 disposed on an opposing inner surface of

the cavity 208 with respect 1o the electrode structures 210,

6048} Referring to FIG. 3 a schematic representation of an electronic configuration of
an cmbodiment of a sensor system 200 is shown. The sensor svstem 200 includes
digital processing circuttry 232, an array 211 ot a plurality of conductive elements 214,
a fluid sample detector 217, a reference signal generator 228, a phase-locked loop
circuit or a delay-locked loop circuit (PLL/DLL) 230, a digital to analog converter
(DAC) 226, column selection circuitry 260, a plurality of readout circunits 244, and a
power manager 258, The digital processing circuitry 232 1s communicatively couple

to the controller 108,

[0638] In an embodiment, the conductive elements 214 are arranged in an array 211,
In an embodiment, the array 211 of conductive elements 214 is formed in an MxN
matnx, where M is a number of rows of conductive clements 214 and N is a number of
columns of conductive clements 214,  Although a rectangular armangement of the
conductive elements 214 18 shown, in other embodiments, the array 211 of conductive
clements 214 can have an alternative configuration {(¢.g., a non-rectangular geometric

layout).
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[0053] The fhud sample detector 217 15 communicatively coupled to the digital
processing circuttry 232, The floid sample detector 217 is coupled to and/or disposed
in proximity to the array 211 of conductive clements 214, In an embodiment, the array
211 of conductive clements 214 1s configured 1o detect the presence of a fluid sample
201 within the cavity 208 of the sensor system 200 by detecting a change in
conductivity or impedance within the cavity 208, Examples of fluid sample detectors
217 include, but are not hmited to a resistance sensor, an optical sensor, an electric field
sensor, a magnetic field sensor, a pressure/force sensor, a thermal sensor, and a moisture
sensor. Examples of optical sensors include, but are not limited to 8 photodiode and a
photoresistor. Examples of an clectnic field sensor inchude, but are not himited to, an
impendence sensor and a capacitance sensor.  Examples of magnetic field sensors

mnciude, but are not linuted fo, a magnetic coil and a Hall effect sensor.

[0052] Inan embodiment, the conductive elements 2 14 and/or the tluid sample detector
217 are configured to detect the presence of a thud sample 201 in the cavity 208 of the
sensor svstem 200. In an embodiment. the fhud sample detector 217 detects the
mtroduction of a fluid sample 201 into the cavity 208 to enable the determination of a
starting time of a reaction between the fhud sample 201 and a reagent (e.g., chemical
reagent) disposed within the cavity 208 and/or the beginnming of an assay performed
with the fluid sample 201, The digital processing circuitry 232 receives data regarding
the detection of the presence and/or the introduction of a fluid sample 201 into the

cavity 208 from the fluid sample detector 217.

[6053] As discussed above, the electrode structure 210 of the sensor system 200 1s
configured to transmit at least one electrical test signal through the fhad sample 201
disposed within the cavity 208, The clectrical test signal (or signals} are based on a
reference signal generated by a refercnce signal generator 228, Examples of reference
signal generators 228 mclude, but are not limuted 1o a crystal oscillator (X03) and
temperature compensated crystal oscillator (TUX0). In an embodiment, the clectrode

structure 210 1s driven directly by the referenee signal.

[0¢54] In an embodiment, the reference signal generator 228 is communicatively
coupled to the phasc-locked loop or delay-lock loop (PLEL/DLL) circuit 230, The
PLL/DBLL 230 is configured to control a phase of the reference signal generated by the

reference signal generator 228 responsive to commands received from the phase
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controller 240 of the digital processing circuitry 232, In an embodiment, the reference
signal generated by the reference signal generator 228 is one or more of delaved,

shifted, modulate and attenuated to generate a modified reference signal.

0035} In an embodiment, the digital processing circuitry 232 receives the reference
signal from the reference signal generator 228 and digitizes and/or processes the
received reference signal. The digital processing circuitry 232 is communicatively
coupled to the DAC 226, The DAC 226 receives the digitized and/or processed
reference signal from the digital processing circuitry 232 and generates an clectrode
driver signal. The DAC 226 is communicatively coupled to the electrode structure 210
The electrode driver signal generated by the DAC 226 1s used to drive the electrode
structure 210 therchy causing the clectrode structure 210 to transmit at least one

clectrical test signal through the fluid sample 201 disposed within the cavity 208.

[¢856] In an embodiment, the digital processing circuitry 232 receives the modified
reference signal from the PLL/DLE 230 and digitizes and/or processes the received
modified reference signal. The DAC 226 receives the digitized and/or processed
modified reference signal from the digital processing circnitry 232 and generates an
slectrode driver signal. The electrode driver signal generated by the DAL 226 1s used
to drive the clectrode structure 210 thereby causing the clectrode structure 210 to
transnuit at least one electrical test signal through the fluid sample 201 disposed within

the cavity 208,

[06657) The electrical test signal(s} transmitted by the electrode structure 210 pass
through the fluid sample 201 disposed within the cavity 208 of the sensor system 260.
The transmitted clectrical signal(s) is/are affected by changes in impedance between
the electrode structure 210 and a respective conductive element 214 resulting from the
presence of particles 203 within the fluid sample 201 disposed within the cavity 208,
The array 211 of conductive elements 214 are configured to detect the version of the
electrical test signal(s) that have passed through the fhnd sample 201, The conductive
clements 214 generate sense signals corresponding to the version of the clectrical test
signal{s) that have passed through the fhud sample 201, The generated sense signals

represent one or more characteristics of the thud sample 201,

[0858) The column selection circuitry 260 is commumicatively coupled to the digital
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processing circuitry 232 and to the array 211 of conductive elements 214, The column
selection circuttry 260 mcludes one or more of switches and multiplexers. I an
embodiment. the column selection circuitry 260 is configured to select individual
columms ot the N columuns of conductive elements 214 one column at a time to read the

sense signals from the conductive elements 214 in the selected column.

[0059] The plurality of readout circuits 226 are communicatively coupled to the digital
processing circuitry 232 and to the array 211 of conductive elements 214, Each of the
plurality of readout circuits 244 is placed in scries with an associated row of conductive
clements 214 and is configured to be selectively electrically coupled to a conductive
clement 214 w that row when a columm corresponding to the conductive clement 214

ts selected by the column selection circoitry 260.

{60681 For example, in operation, responsive to commands received from the digital
processing circuitry 232, the cohumn selection circuitry 260 selects a first column of the
N colummns. The first column includes M conductive elements 214 where each of the
M conductive elements 214 in the first column are disposed i one through M rows.
The plarality of readout circuits 244 congsist of M readout circuits, where cach of the M
readout circut 244 is associated with a specific row of conductive elements 214, Each
of the M readout circuits 244 receive the sense signals generated by the conductive
clement 214 in the row associated with the readout circwit 244 and n the selected
column, All of the sense signals generated by the conductive elements 214 in a selected
coloom are read o parallel at roughly the same time. In other words, the sense signals
generated by the conductive elements 214 in a selected columm are read substantially
simultanecusly by the assoctated readout circuits 244, The readout circuits 244
processe the received sense signals and generate readout signals that are transmitted to

the digital processing circuitry 232,

{0861} The column selection circuitry 260 then selects a second columm of the N
columns. Each of the M readout circuits 244 receive the sense signals generated by the
conductive element 214 1n the row associated with the readout circuit 244 and in the
second column.  The readout circutt 244 processes the received sense signals and
generates readout signals that are transmitted to the digital processing circuitry 232,
This process is repeated as the column circuitry 260 successively selects each of the N

colamms and the readout circuits 244 receive the sense signals generated by cach of the
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conductive elements in the sclected column thereby collecting sense signals from each
of the conductive elements 214 in the array 211, In an alternative embodiment, each of

the conductive clements 214 in a selected column are read sequentially one at a time,

[0662] In an embodiment, cach of the plurality of readout circuit 244 includes a
multiplicr 246 and an tegrator 248, The multiplier 246 is coupled to the integrator
248, In an embodunent, the multiplier 246 is coupled in series with the integrator 248,
The mudtiphier 246 15 configured to multiply a sense signal received at the readout
circuit 244 from a respective conductive element 214 by a second reference signal. The
second reference signal is based upon the reference signal generated by the reference
signal generator 228 that is used to drive the electrode structure 210, In an embodiment,
the second reference signal s a copy of the reference signal generated by the reference
signal generator 228, In an ancther embodiment, the second reference signal is copy

of the modificd reference signal generated by the PLL/DLL circuit 230.

[6063] In another embodiment, the digital processing circuitry 232 includes a phase
controller 240. An exampile of a phase controller 240 1 a PLL/DLL circuit. In an
embodiment, the phase controller 240 1s configured to adjost the phasce of the reference
signal by -}- radians to generate the second reference signal. For example, the reference
signal can comprise a sine wave and the sccond reference signal generated by the phase
controller 240 can comprise a cosine wave, or vice versa. In another embodiment, the
phase controller 240 1z configured to adpust the phase of the modified reference signal
by z radians to generate the second reference signal,

{66647 The multiplicd sense signal generated by the multiplier 246 1s received at the
mtegrator 248, The integrator 248 generates a readout signal based on the reccived

multiphied sense signal.

(6065} in an cmbodiment, the digital processing circuttry 232 mchudes a frequency
controller 238. The frequency controller 238 1s configured to adjust a frequency of the
reference signal and/or the second reference signal. The phase controller 240 and/or
the frequency controller 238 can alsc be configured to control the phase or frequency
parameters of digitized readout signals or fhuid sample data signals output by the digital

processing circaitry 232, The sensor system 200 also includes biasing circuitry 254
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configured to generate reference currents, bandgap references, and so forth. For
example, the biasing circuitry 254 can generate references forthe DAC 226, ADCs 250,

and/or other electronic components of the sensor system 200.

06066} Each of the plurality of readout circuits 244 are coupled to an associated one of
a plurality of analog-to-digital convertors (ADC) 25¢. Each ADC 250 1s configured to
receive the readout signal generated by the associated readout circuit 244, The readout
signal recetved at the ADC 250 is an analog signal. The ADC is configured to convert
the analog readout signal received from the associated readout circuit 244 into a digital
rcadout signal. The digital processing circuitry 232 is coupled to the plurality of ADCs

250 and 15 configured to receive the digital readout signals for further processing.

(0067} In an embodiment, the digital processing circuitry 232 is configured to output a
fhud sample data signal incorporating at least a portion of one or more of the digital
readout signals received from the associated ADCs 250 to the controller 108, In an
cmbodiment, the fluid sample data signal includes at least a portion of the readout
digital signals, at least one signal based on filiering, phase shutting, modulating, and/or
attenuating at least one of the readout digital signals, imaging data based on at least a
portion of the readout digital signals, and/or data based on aggregating, averaging,
and/or comparing at least a portion of the rcadout digital signals. In an embodiments,
the digital processing circuitry 232 is configured 1o store the received digital readout
signals and/or the generated fleid sample data signals in a memory 236 that is coupled
to the sensor controller 234 For example, the scusor controller 234 can be configured
to store the digital readout signals and/or fluid sample data signals based on the digital
readout signals in the memory 236 prior to transmitting the fluid sample data signals to
the controlier 108, In an embodiment, the fluid sample data sigoal is transmitied to the

external device 101,

[¢868] In an embodiment, cach of the plurality of the ADCs 250 is coupled to 2
common ramp generator 232, The ramp generator 252 18 configured to supply a sieppe

up reference voltage (e.g., a ramp signal) to the ADCs 250

[0069] In an embodiment, the sensor sysiem 200 includes a power manager 256, In an
embodiment, the power manager 256 1s configured to receive a power signal {(VBATT)

from the battery 110 coupled to the sensor system 200. In another cmbodiment, the
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power manager 256 1s configured o receive a power signal from an extemal source
{c.g., from device 101} viaadirect{c.g., wired} connection or a wirelgss {g g, inductive
charging} connection. The power manager 256 includes one or more voltage regulators
258 {c.g., low-dropout regulators (LI30s)) that are configured to step up or step down
the voltage of the power signal to provide one or more output voltages {e.g., VOUT 1,
YVOUT 2, VOUT 3, etc.) for establishing reference signals and/or powering various
components of the sensor system 200 and/or components coupled o the sensor system

204, such as controller 108, and transceiver 106,

[6676] Reforring to FIG. 4, a partial schematic view of an electronics configuration of
an embodiment of a sensor systern 200 1s shown. The sensor system 200 includes first
and second arrays 211 of conductive clements 214, The first and second arrays 211 of
conductive elements 214 share a common set of readout circuits 244, The sensor
system 200 includes row sclection circuttry 262, The row sclection circuitry 262
meludes one or more switches and/or one or more multiplexers between the common
set of readout circuits 244 and the first and second arravs 211, The row sclection
circuitry 262 selectively couples each of the first and sccond arrays to the common set
of readout circuits 244 one array at a time responsive {o commands received from the

digital processing circaitry 232.

10071} Upon the coupling of the selected array 211 of conductive elements 214 with
the common set of readout circuits 244, cach of the plurality of readout circuits 244 s
placed in scries with an associated row of conductive clements 214 and 1s configured
to be selectively electrically coupled to a conductive element 214 m that row when a
column corresponding to the conductive eloment 214 is selected by the column

selection circuitry 260.

{6072} For example, in operation, responsive to commands received from the digital
processing circuitry 232, the column selection circuitry 260 selects a first column of the
N columns. The first column mcludes M conductive elements 214 where each of the
M conductive elements 214 in the first columm are disposed m one through M rows.
The common set of readout circuits 244 consist of M readout circuits, where each of
the M readout circuit 244 is associated with a specitic row of conductive elements 214,
Each of the M readout circuits 244 receive the sense signals generated by the conductive

element 214 in the row associated with the readout circwit 244 and in the selected
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column.

(60737 All of the sense signals generated by the conductive elements 214 in a selected
column are read n parallel at roughly the same time. In other words, the sense signals
generated by the conductive elements 214 i a selected column are read substantially
simultanccusly by the associated readout circuits 244, The readout circwnt 244
processes the received sense signals to gencrate readout signals. The rcadout signals

are transmitted to the digital processing circuitry 232.

[6674] The column selection circuitry 260 then sclects a second column of the N
columns. Each of the M readout circuits 244 receive the sense signals generated by the
conductive element 214 in the row associated with the readout circuit 244 and in the
second colummn. The rcadout circuit 244 processes the received sense signals to
generate readout signals. The readout signals are transmitied to the digital processing
circuitry 232. This process is repeated as the column circuitry 260 successively sclects
cach of the N columns and the readout circuits 244 receive the sense signals gencrated
bv each of the conductive elements 1n the selected column thereby collecting sense
signals from each of the conductive clements 214 in the array 211, In an aliemative
embodiment, cach of the conductive clements 214 in a selected column are read
sequentially one at a time. In this manner, the sensor systemn 200 can be configured to
scan a selected array 211 of conductive elements 214, column-by-column. In an
alternative embodiment, the sensor system 200 is configured to scan a selecied array
211 of conductive clements 214 row-by-row i a similar manner with the row and

column circuitry being reverse

(0075} Reforring to FIG. 5, a partial perspective view of a configuration of an
cmbodiment of a sensor system 200 1s shown. The electrode structure 210 15 disposed
proximate to the array 211 of conductive elements 214 with a fluid sample 201 disposed
between the electrode structure 210 and the array 211 of conductive elements 214, The

tilustrated example of the thad sample 201 includes a plurality of particles 203,

(00767 Responsive to an clectrode driver signal received from the DAC 226, the
clectrode structure 210 transmits one or more electrical test signals through the fhud
sample 201, The transmitted one or more electnical test signals are affected by changes

in tmpedance between the electrode structure 210 and a respective conductive element
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214 resulting from the presence of the particles 203 in the fluid sample 201, The amay
211 of conductive elements 214 are configured to detect the version of the one or more
clectrical test signals that have passed through the flid sample 201, The conductive
clements 214 gencrate sense signals corresponding to the version of the one or more
electrical test signals that have passed through the fluid sample 201, Each sense signal
generated by cach mdividual conductive element 214 in the array 211 represents
changes in impedance between the electrode 210 and the respective conductive element

214 resulting from the presence of particles 203 in the thuid sample 201.

(6077} For example, a conductive element 214 positioned below a portion of the fluid
sample 201 having a first concentration of particles 203 or a first sized particle 203 may
produce a different {¢.g., more or less powerful) sense signal than another conductive
clement 214 positioned below a portion of the fluid sampic 201 having a second
{different) concentration of particles 203, no particles, or a second (different) sized
particle 203 as a result of differing impedance charactenistics of the respective portion

of the fluid sample 201.

06678} The fluid sample 1s scanned by the array 211 of conductive clements 214 as
sense signals are received from ecach of the conductive elements 214 in the array. In
the case where the array 211 has N columns and M rows, the column selection circuitry
268 selects mdividual columns of the N columns, one column at a time. Each ofthe M
readout circuit 244 is associated with one of the M rows of conductive clements 214.
Upon the selection of a column by the column selection circuitry 260, cach of the M
readout circuits 244 receive the sense signals generated by the conductive element 214

in the row associated with the readout circuit 244 and in the selecied column.

100791 All of the sense signals generated by the conductive elements 214 in a selected
colamn are read in parallel by the M readout circuits 244 at roughly the same time. In
other words, the sense signals genecrated by the conductive elements 214 m a selected

column are read substantially simultaneously by the associated readout circits 244,

[0088] In this mamner, the sensor system 200 can be configured to scan a selected array
211 of conductive elements 214, column-by-column. In an allermative embodiment,
cach of the conductive elements 214 in a selected column are read sequentially one at

atime. In an alternative embodiment, the sensor system 200 is configured to scan a
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selected array 211 of conductive elements 214 row-by-row in a stmilar manner with the

row and column circuitry being reversed.

0081} Referring to FIG. 6 a partial schematic view of an clectronics configuration of
an gxample of a sense path of an embodiment of a sensor svstemn 200 is shown. The
sense path for sensing a signal from a respective conductive clement 214 of the plurality
of conductive clements 214 w an array 211 includes switches 261 and/or 263 {e.g.,
switches of the column selections circuitry 260 and/or the row sclection circuitry 262)
that are configured to place a respective readout circuit 244 in communication with the
conductive element 214, The readout circuit 244 can be coupled to an ADC 230
mcluding at least a first comparator 278 and a second comparator 288 in series with the
first comparator 278, The first comparator 278 can be coupled to one or more biasing
capactiors {e.g., capacitor 280 and/or capacitor 282% and switches 274 and 276
configured fo selectively connect the first comparator 278 with the readout circuitry
244 to reccive a first phase (D1} (e.g., quadrature) component of a readout signal and a
second phase (®) {c.g., m-phase} component of the readout signal. The second
comparator 288 can be coupled to switches 284 and 286 configured 1o selectively
connect the second comparator with a first ramp signal {¢.g., for the first phase
component} and/or a second ramp signal {e.g., for the second phase component)
generated by a ramp generator 252, The ramp generator 252 15 also coupled to a counter
290 configured to maintain a multi-bit count of the ramp signal steps {(e.z., voltage
mereases) performed until the comparator 288 output signal toggles (e.g., from 110 0
or 0 to 1) for the first and second phase components. When the comparator 288 output
signal toggles, sensor controller 234 1s configured to store a respective count value (c.g.,
the digitized readout signals, sometimes referred to herein as “digital signals™) for the
first and second phase components of the readout signal in memory 236, The sensor
controtler 234 can be configured to store the digital signals output by cach of the ADCs
250 for the respective conductive elements 214 being read from cach of the rows in the

array 21 1.

0082} In FIGS. 7A through 7C embodiments of the sensor systems 200 mcluding
multiple arrays 211 of conductive elements 214 and maoltiple electrode structures 210
are shown. Referring to FIG 7A, an embodiment of the sensor system 200 includes

first and sccond electrode structures 210, 264 and mine arrays 211 of conductive
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clements 214, The first electrode structures 210 s disposed in proxamity to three arrays
211 of conductive elements 214 and the second electrode structure 264 is disposed in
proximity to six arrays 211 of conductive clements 214, The first clectrode structure
2190 1s driven by a first DAC 226 and the second electrode structure 264 15 driven by a

second DAL 266,

[0083] Reforning to FIG. 7B, an embodiment of the sensor system 200 includes first,
second, and third second clectrode structures 210, 264, 268 and nine arrays 211 of
conductive elements 214, The first electrode structures 210 is disposed i proximity o
three arrays 211 of conductive clements 214, the second electrode structure 264 is
disposed n proximity to three arrays 211 of conductive clements 214, and the third
glectrode struchure 268 1s disposed in proximuty to three arrays 211 of conductive
clements 214, The first electrode structure 210 is driven by a first DAL 226, the second
clectrode structure 264 1s driven by a second DAC 266, and the third electrode structure

210 is driven by a third DAC 270,

[6084] Referring to FIG. 7C, an embodiment of the sensor svstem 200 includes first,
second, and third second electrode structures 210, 264, 268 and mine arrays 211 of
conductive elements 214, The first electrode structures 210 is disposed in proxamity o
three arrays 211 of conductive clements 214, the sccond clectrode structure 264 is
disposed in proximity to three arrays 211 of conductive elements 214, and the third
clectrode structure 268 is disposed in proximity to three arrays 211 of conductive
clements 214, The first, second, and third clectrode structures 210, 264, 268 is driven
by a single DAC 226. The sense controller 234 manages the operation of a switch 272
{e.g., a one-to-two or one-to-many switch, a multiplexer, or the like} to selectively
couple the DAC 226 to one of the first, second, and third electrode structures 210, 264,
268 when at least onc array 211 associated with the selected clectrode structure 210 is

to be scanned by the sensor system 200,

[6085] In an embodiment, all of the arrays 211 can be configured to perform the same
type of assay or test. In another embodiment, different arrays 211 can be configured to
perform different tvpes of assavs or tests. For example, at least one of the arrays 211
can have a different chemistry {¢.g., a ditferent reagent coating) than another one of the
arrays 211, In an aliernative embodiment, at least one of the arrayvs 211 can be

configured to detect a different range of concentrations of an analvte than another one
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of the arrays 211, The clectrode structures {¢.g., electrode structure 210, electrode
struchure 264 and/or electrode structure 268} may be configured to transmit electrical
signals having the same or different parameters {(¢.g., different frequency, phase, or
amplitude). The foregoing embodiments described and itllustrated in FIGS. 7A through
7C are example mplementations. However, the sensor system 200 can include any
number of arrays and/or electrodes structures. In some embodiments, the arrays 211
are disposed upon a single substrate 202, For example, the arravs 211 can form a gnd,
such as the 3x3 grid shown in FIGS. 7A through 7C. In other embodiments, at least
one array 211 can be disposed upon a substrate that s different from the substrate of

ancother array 211 of the sensor system 200,

Example Process

(0086} Reforring to FIG. 8 a flowchart representation of an example process 300 for
analyzing a flmid sample 201 using an embodiment of a sensor system 200 is shown.
In general, operations of disclosed processes {€.g., process 300) may be performed in

an arbitrary order, unless otherwise provided in the clamms.

[6087F The process 300 mchudes disposing a fhud sample within a cavity 208 defined
between an array 211 of conductive elements 214 and an electrode 210 (block 302). In
an implementation, the array 211 of conductive clements 214 forms an MxN matris,
where M is a number of rows of conductive elements 214 and N is a number of columns
of conductive clements 214. The electrode structure 210 transmuts at least one clectrical
signal through the flid sample 201 (block 304). The conductive elements 214 receive
at least a portion of the transmitted electrical signal(s) and generate sense signals as a
resuft. The array 211 of conductive elements 214 is scanned on a cohuman-by-column
{and/or a row-bv-row} basis. For example, at least one column of the N columns of
conductive clements 214 1s selected with column selection circuitry 260 (block 306).
The colummn selection circuitry 260 can selectively connect readout circuits 244 with a
selected columm of conductive clements 214 to collect measurements from the selected
column of conductive elements 214. The readout circuits 244 receive sense signals
from respective conductive elements 2 14 of the selected column of conductive elements
214 and can generate corresponding readout signals (block 308). A plurality of AD(Cs
250 coupled to respective rcadout circuits 244 can then convert the readout signals

generated by the readout circuits 244 nto digital signals (block 310}, The digital signals
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may be further processed {e.g., averaged, aggregated, filtered, or otherwise
manipulated) and/or transmitted to an external device (e.g., device 101). For example,
in some implementations, the digital signals are processed by digital processing
circuitry 232 and/or controller 108, In some implementations, sensor controller 234
and/or controller 108 can transmit processed digital signals or data based upon the

digital signals to the external device 101.

{6088} Generally, any of the functions described hercin can be implemented using
hardware {c.g., fixed logic circuitry such ag integrated circuts), software, firmware,
manual processing, or a combination thereof. Thus, the blocks discussed in the above
disclosure gencrally represent hardware {e.g., fixed logic circuitry such as miegrated
circuits), software, firmware, or a combination thereof. In the mstance of a hardware
configuration, the various blocks discussed i the above disclosure may be
mmplemented as integrated circutts along with other functionality.  Such integrated
circurts may include all of the functions of a given block, system, or circuit, or a portion
of the functions of the block, system, or circuit. Further, clements of the blocks,
systems, or circuits may be implemented across multiple integrated circuits.  Such
mtegrated circuiis may comprise various imfegrated circuits, mcluding, but not
necessardy limited to: a monolithic mtegrated circuit, a flip chip integrated circuit, a
multichip module integrated circuit, and/or a mixed signal integrated circuit. In the
mstance of a software taplementation, the various blocks discussed n the above
disclosure represent executable instructions (e.g., program code) that perform specified
tasks when executed on a processor. These executable mstructions can be stored inone
or more tangible computer readable media. In some such instances, the entire system,
block, or circuit mav be implemented using its software or fumware equivalent. In
other instances, one part of a given system, block, or c¢ircuif may be implemented in

software or firmware, while other parts are implemented in hardware.

[0089] In an embodiment, a sensor system 200 includes a plurality of conductive
clements 214 uniformly arranged in a planar configuration, an electrode structure 216
proximate to the plurality of conductive clements 214 and a cavity 208 configured to
recetve a fluid sample. The cavity 208 1s disposed between the plurality of conductive
elements 214 and the electrode structure 210, The electrode structure 210 1s configured

to transmit at feast one clectrical test signal through the fluid sample. The sensor system
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200 also includes conductive element selection circuit 260, readout circuttry 244, and
analog-to-digital convertor circuitry 226, The conductive element selection circaitry
260 is configured to select a different subset of the plurality of conductive elements 214
until every one of the plurality of conductive clements 214 has been sclected. The
readout circwitry 244 configured to receive sense signals generated by ecach of
conductive elements 214 in the selected subset of the plurality of conductive elements
214 and geonerate readout signals based on the received sense signals. The analog-to-
digital convertor circuitry 226 is configured to receive the generated readout signals

from the readout circuitry and convert the received readout signals into digital signals,

[6696] it is to be understood that the present application 15 defined by the appended
claims. Althoogh embodiments of the present application have been illustrated and
described herein, it is apparent that various modifications may be made by those skilled

1 the art without departing from the scope and spirit of this disclosure,
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CLAIMS
What s claimed is:
I. A sensor sysiem, comprising;

an array of conductive clements forming an MxN matrx, wherein M is a
number of rows of conductive elements and N i1s a number of columns of conductive
clements;

an electrode structure proximate to the array of conductive clements;

a cavity configured to receive a fluid sample, the cavity being disposed between
the array of conductive clements and the electrode structure, the electrode structure
being configured to transmits at least one electrical test signal through the fluid sample;

column selection circuitrv configured to select each of the N columns of
conductive elements;

M readout circuits, cach of the M readout circuits being electrically coupled to
an associated one of the M rows of conductive clements and configured to:

receive a sense signal from each of the conductive clements in the
associated one of the M rows of conductive elements responsive to the selection
of the column associated with the conductive clement, the sense signal
corresponding to the at least one clectrical test signal transmitted throngh the
fluid sample, and

generate a readout signal based on the received sense signal; and

M analog-to-digital convertors clectrically coupled to an associated one of the
M readout circuits and configured to convert the readout signals received from the

associated one of the M readout circuits into digital signals.

2. The sensor system of claim 1, further comprising digital processing
circuitry coupled to the M analog-to-digital convertors, the digital processing circuitry
being configured to:

receive the digital signals from the M analog-to-digital converters;
generate thud sample data based on the received digital signals; and

transmit the generated fluid sample data to a controller.
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3. The sensor system of claim 1, further comprising a reference signal
generator configured to gencrate a first reference signal, the at least one electrical test

signal transmitted by the electrode structure being based on the first reference signal.

4. The sensor system of claim 3, wherein the reference signal generator

comprises a crystal oscillator.

5 The sensor system of claim 3, wherein the reference signal generator 1s
coupled to one of a phase-locked loop and a delay-locked loop configured to contrel a

phase of the first reference signal.

5. The sensor system of claim 3, wherein cach of the M readout circuits
COMPTISES:

a multiplier configured to multiply the received sense signal with a seccond
reference signal, the second reference signal being based upon the first reference signal;
and

an integrator coupled to an output of the multiphier,

7. The sensor system of claim 6, wherein the second reference signal is a

phase shifted version of first reference signal.

8. The sensor system of claim 1, further comprising:

a first substrate, wherein the array of conductive elements 1s disposed upon the
first substrate; and

a second substrate, wherein the clectrode structure is disposed upon the sccond

substrate, the cavity being defined between the first substrate and the second substrate.
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9. A sensor sysiem, comprising:

a plurality of conductive elements uniformly arranged in a planar configuration;

an clectrode structure proximate to the plurality of conductive elements;

a cavity configured to receive a fluid sample and disposed between the plurality
of conductive elements and the electrode structure, the electrode structure being
configured to transmit at least one electrical test signal through the fluid sample;

conductive element selection circuitry configured to select a different subset of
the plurality of conductive clements until every one of the plurality of conductive
clements has been selected;

readout circuitry configured to receive sense signals generated by each of
conductive elements in the selected subset of the plurality of conductive elements and
generate readout signals based on the received sense signals; and

analog-to-digital convertor circuitry configured to receive the generated readout
signals from the readout circuitry and convert the received readout signals into digital

signals.

16.  The sensor system of claim 9, wherein cach of the different the subsets

of the plurality of conductive clements comprises at least one conductive clement.

1. The sensor system of claim 9, wherein the plarality of conductive
clements are arranged in an MxN array, wherein M is a number of rows of conductive
clements and N 1s a number of columns of conductive clements and the difforent subsets
of the plurality of conductive clements comprise different colunms of conductive

clements.



WO 2019/014458 PCT/US2018/041841
30

12. The sensor system of claim 11, wherein the readout circuitry comprises
M readout circuits, each of the M readout circaits being electrically coupled to an
associated ong of the M rows of conductive elements and configared to:

receive a sense signal from each of the conductive clements in the associated
one of the M rows of conductive elements responsive to the selection of the column
assoctated with the conductive element, the sense signal corresponding to the at least
one electrical test signal transmitted through the fluid sample, and

gencrate a readout signal based on the received sense signal;

13. The sensor system of claim 12, further comprising a reference signal
generator configured to gencrate a first reference signal, the at least one electrical test

signal transmitted by the electrode structure being based on first the reference signal,

14 The sensor system of claim 13, wherein the reference signal generator is
coupled to one of a phase-locked loop and a delayv-locked loop configured fo control a

phase of the first reference signal.

15.  The sensor system of claim 13, wherein each readout circuit comprises:

a multipher configured to multiply a received sense signal with a second
reference signal, the second reference signal being based upon the first reference signal;
and

an mtegrator coupled to an output of the multiphier.

16. The sensor system of claim 9, further compnsing:

a first substrate, wherein the plurality of conductive clements are disposed upon
the first substrate; and

a second substrate, wherein the electrode structure is disposed apon the seeond

substrate, the cavity being defined between the first substrate and the second substrate.
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17 A method, comprising:

depositing a fluid sample within a cavity disposed between an array of
conductive clements and an electrode structure, the array of conductive elements
formng an MxN matrix, where M is 2 mumber of rows of conductive elements and N
1s a mumber of columns of conductive clements;

transmitting at least one electrical test signal through the fluid sample from the
clectrode structure;

sclecting each of the colunmns of the N columns of conductive clements with
column selection circuitry;

receiving a sense signal from cach of the conductive elements in a selected
coloom of conductive elcments at M readout circuits, cach of the M readout circuits
being clectrically coupled to an associated one of the M rows of conductive elements;
and

generating a readout signal at cach of the M readout circuits, each of the
generated readout signals being based on the sense signal received at the readout circuit;

receiving the readout signal gencrated at cach of the M readowt circuits at an
associated analog-to-digital converter; and

converting each of the received readout signals into digital signals at the analog-

to-digital converters.

I8, The sensor system of claim 17, further compnsing a reference signal
generator configured to generate a first reference signal, the at least one clectnical test

signaj transmitted by the clectrode structure being based on the first reference signal.

19, The sensor system of claim 18, wherein cach of the M readout circuits
COMPTISES:

a multiplier configured to multiply the received sense signal with a second
reference signal, the second reference signal being based upon the first reference signal;
and

an mtegrator coupled to an output of the multipher.
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20, The sensor system of claim |, further compnising:

a first substrate, wherein the array of condactive elements 15 disposed apon the
first substrate; and

a second substrate, wheren the electrode structure is disposed upon the second

substrate, the cavity being defined between the first substrate and the second substrate.
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DISPOSING A FLUID SAMPLE WITHIN A CAVITY DEFINED BETWEEN
AN ELECTRODE AND AN MxN ARRAY OF CONDUCTIVE ELEMENTS,
WHERE M IS A NUMBER OF ROWS OF METAL PANELS AND N IS A
NUMBER OF COLUMNS OF CONDUCTIVE ELEMENTS

é I 304

TRANSMITTING AT LEAST ONE ELECTRICAL SIGNAL THROUGH
THE FLUID SAMPLE WITH THE ELECTRODE

é s 306

SELECTING A COLUMN OF THE N COLUMNS OF CONDUCTIVE
ELEMENTS WITH COLUMN SELECTION CIRCUITRY

é 308

RECEIVING SIGNALS FROM RESPECTIVE CONDUCTIVE ELEMENTS
OF A SELECTED COLUMN OF CONDUCTIVE ELEMENTS WITH A
PLURALITY OF READOUT CIRCUITS COUPLED TO RESPECTIVE

ONES OF THE M ROWS OF CONDUCTIVE ELEMENTS

é 310

CONVERTING READOUT SIGNALS GENERATED BY THE PLURALITY

OF READOUT CIRCUITS INTO DIGITAL SIGNALS WITH A PLURALITY

OF ANALOG-TO-DIGITAL CONVERTORS COUPLED TO RESPECTIVE
ONES OF THE PLURALITY OF READOUT CIRCUITS
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