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(57) Abstract: A microfluidic diagnostic chip may include a number of in-
put microfluidic channels, a number output microfluidic channels, a number
of interposing microfluidic channels fluidly coupled at one end to at least
one input microfluidic channel and at a second end to at least one output mi-
crofluidic channel, and first and second microfluidic sensors within the num -
ber of interposing microfluidic channels wherein the microtluidic diagnostic
chip is to compare output from the first microfluidic sensor sensing a fluid
including an analyte to output from the second microfluidic sensor sensing
the fluid lacking the analyte.
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DIAGNOSTIC CHIP

BACKGROUND

(60011  Infectious diseases and other medical conditions affect human
fife on a continual basis. Deveslopments have been made to detect the
presence of, for example, antigens in blood or other bodily fluids in order to
diagnose a patient’s iliness. In some cases, a microfiuidic chip is used o

analyze an analyie.

BRIEF DESCRIPTION OF THE DRAWINGS

[G60027  The accompanying drawings Hllustrate various examples of the
principles described herein and are a part of the specification. The illustrated
examples are given merely for illustration, and do not limit the scope of the
claims.

(00031 Fig. 1is a diagram of a microfluidic diagnostic chip
incorporated into a cassetie for analyzing an analyte within a fluid according to
one example of the principles describad herein.

[0004] Fig. 2 is a block diagram of a microfiuidic diagnostic chip Tor
analyzing an analyte within a fluid according to one exampie of the principles
described herein.

[8085] Fig. 3 is a block diagram of a microfiuidic diagnostic chip for
analyzing an analvte within a fluid according to another example of the
principles described herein.

180861 Figs. 4A and 4B show block diagrams of two alternative MDC
configurations according to two other examples of the principles described

hersin,
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{80077  Fig. 5 is a flowchart showing a method of removing
background noise from an impedance value of an analvie in a microfiuidic
diagnostic chip according to one example of the principles described herein.

[0008] Fig. 6 is a block diagram of a microfluidic diagnostic chip
system {500} according 1o one example of the principles described herain.

(80891  Throughout the drawings, identical reference numbers

designate similar, but not necessarily identical, slements.

DETAILED DESCRIPTION

(60101 As mentioned above, microfividic chips such as microfluidic
diagnosiic chips (MDCs) are used to help analyze fluid samples such as blood.
in some MDCs, a sensor may ba used {0 detect the impedance of the fluid as it
is passed over the sensor. The fluid may include a number of particles in it that,
when delected, help form the basis of a diagnosis. For example, a blood
sample may include a number of different cells suspended in a fluid such as
blood plasma and water. Additionally, the blood may include g number of
analyies therein and may be mixed with, for example, reagents before being
passed over the sensor. Consequently, the sensor is reading the impedance
value the blood cells or analyies in the fluid as well as the fluid in which the
blood cells are carried. The impedance value that the fluid contribules o the
total impedance value may skew the results of a diagnosis or may lead fo a
misdiagnosis entirely.

60141 The present specification, describes, in some examples, a
microfluidic diagnostic chip comprises a number of input microfluidic channels,
a number of output microfluidic channels, a number of interposing microfluidic
channels fluidly coupled at one end to at least one input microfluidic channel
and at a second end to at least one output microfluidic channel, and first and
second microfluidic sensors within the number of interposing microfluidic
channels wherein the microfluidic diagnostic chip is to compare ouiput from the
first microfluidic sensor sensing a fiuid including an analyie o output from the

second microfiuidic sensor sensing the fluid lacking the analyle.
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160127  The present specification further describes method of
removing hackground noise from an impedance value of an analyle in
microfluidic diagnostic chip, including measuring, with a first sensor, the
impedance value of a fluid comprising an analyte, measuring, with a second
sensor, the impedance value of the fiuid without the analyte, and comparing,
with a differential ampilifier, the impedance value detactad by the first sensor to
the impedance value delected by the second sensor,

(60131  Further, the present specification describes a microfiuidic chip,
comprising a first sensor and a second sensor and a differential amplifier
wherein the first sensor measures an impedance value of a fluid comprising an
analyte, wherein the second sensor measures an impedance value of the fluid
without the analyte, and wherein the differential amplifier compares the
impedance values received from the first and second sensors.

(60141  In the present specification and in the appended claims, the
term “fluid” is meant to be understood broadly as any substance that continually
deforms (flows) under an applied shear stress. In one example, a fluid includes
an analyte. in another example, a fluid includes a reagent.

(60151 Additionally, as used in the present specification and in the
appended claims, the term “analyte” is meant to be understoed as any
substance that may be placed in a microfiuidic diagnostic chip (MDC) to be
analyzed. in one example, the analvte may be any bodily fluid such as, but not
limited to, bleod, uring, feces, mucus, or saliva.

(60161  Further, in the present specification and in the appended
claims the term “reagent” is meant to be understood as a substance or
compound that is added to a system in order to bring about a chemical reaction,
or added o see if a reaction cccurs. A reaciant is meant {o be understood as a
substance that is consumed in the course of a chemical reaction. in one
example, the reagent may be included within a fluid.

[G017]  Still further, in the present specification and in the appended
claims the ferm “analyte” is meant to be undersiood as any substance within g
fiuid that may be placed in a microfluidic diagnostic chip (MDC) o be analyzed.

in one example, the analyte may be a number of particles within the fluid such
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as a blood cell. In this example, a specific type of blood cell is an analyte
because it is to be analyzed by the MDC.

(60181  Even further, as used in the present specification and in the
appended claims, the term “a number of” or similar language is meant to be
understood broadly as any positive number comprising 1 to infinity.

(80181  in the following description, for purposes of explanation,
nurnerous specific detalls are set forth In order (o provide a thorough
understanding of the present sysiems and methods. I will be apparent,
however, 10 one skilled in the art that the present apparaius, systems and
methods may be practiced without these specific details. Referencs in the
specification to “an exampie” or similar language means that a particular
feature, struciure, or characieristic described in connection with that example is
included as described, but may not be included in other examples.

(60207  Turning now to the figures, Fig. 1 is a diagram of a microfluidic
diagnostic chip (100} incorporated info g cassette (105) for analyzing an analyle
according o one exampie of the principles described herein. In the example
shown in Fig. 1, the MDC (100} forms part of a cassetlie {105). The cassetis
(105) further includes an electronic device interface (110). The interface may
allow the MRC {100} to receive instructions and power from an external source
such as g computing device. In this example, the MDC {(100) forms the part of
the cassetie (105) that receives a fluid including an analyte while the casseite
{105} and electronic device interface {(110) provide the physical body o house
the MDC and the power and instructions to operate the MDC respectively.

[86821]  The cassetite (105) may serve as a housing into which the
MDC (100} and electronic device interface {110} are housed and protected from
contamination and damage. The cassetle (105) may also serve g3 a struclure
onto which a user may apply pressure in order {0 connect the electronic device
interface {110) o an elecironic device, for example directly to a computing
device or to a connecior that can be atiached fo a computing device..

(80221 The electronic device interface (110) may be any electrical
contact points that may interface with an input/output port of an electronic

device. In one example, the elecironic device interface {110} is a8 universal
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serial bus (USB) interface capable of electrically coupling to a USB portin an
slectronic device. In other examples, the slectrical contact points of the
electronic device interface (110} may fit info a PCl bus, a PCIE bus, a SAS bus,
and a SATA bus, among others. In one example, the electronic device
interface {110} may include electrical contact poinis that interface with a
specialized port in a spacialized computing device.

100231  The MDC (100) may include a feed tray {115} into which a fluid
including an analyte is placed. The feed tray (115) directs the fluid info a fluidic
slot (120) of the MDC (100). During operation, the Hluid is placed in the feed
tray (115} and passed into the fluidic slot {120}, When the fluid is in the fluidic
slot (120) the MDC (100) receives electrical power from an elecirical device via
the electronic device interface (110}, In one example, the MDC (100} may
further includes a differential amplifier to receive at least two signals from at
feast two sensors, compars the signals, and provide an cutput describing that
comparison. In another example, the differential amplifier may be located off of
the cassetie (105) on, for example, a computing device elecirically coupled to
the cassetie (105) via the electronic davice interface (110).

180247 The MDC (100) may further include a number of sensors
located in a number of microfiuidic channels defined in the MDC (100). In one
example, the sensors are siectrical impedance sensors capable of measuring
an impedance value of a fluid including an analyte as the fiuid is presented over
the sensor. These sensors may measure the impedance of the fluid over time
as well as measure the changes of the impedance value over time.

(60257 Fig. 2 is a block diagram of a microfluidic diagnostic chip (100}
for analyzing an analyie according to one example of the principles described
herein. The MDC (100) may include a fluidic slot (120}, an input microfluidic
channel (205}, an output microfiuidic channel (210}, a number of interposing
microfiuidic channels (215), a plurality of sensors (220} in the interposing
microfiuidic channels (215), and a number of particle blocking devices {(225).

180287 The fluidic slot (120} may be fluidly coupled to at least the
input microfiuidic channel (205) and may be defined into the substrate of which

the MDC (100} is built. In one example, the substrate is made of silicon and the
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fiuidic slot (120} is created by, for example, via sand blasting, laser eiching, dry
etching, wet etching, or combinations thereof. In one exampls, a fiuid including
the analyte to be analyzed by the MDC {100} may be fed into the fluidic slot
(120) via the feed tray (115} using gravity. Additionally, the fluidic slot {120}
may fill up with fluid before spilling over into the input microfluidic channel {205).
in this example, the inpul microfiuidic channel (205) is fluidly coupled 1o an
upper portion of the fluidic slot {(120).

100271  Although Fig. 2 shows a single input microfluidic channel (205)
any number of input microfluidic channels (205) may be used. In one example,
a number of input microfiuidic channels (205} may branch off from the fluidic
slot (120) and may each be fluidly connected o their respective interposing
microfiuidic channels (215) and oulput channels (210). Consequently, the
prasent specification contamplates the use of any number of these channels
(205, 210, 215) to analyze a fiuid and an analyte according to the principles
described herein.

180287  The input microfluidic channel (205) and oulput microfluidic
channel (210} may each receive an amount of the fiuid and pass it through the
MDC (100} as indicated by the fluid flow arrows shown in Fig. 2. none
example, each of these channels (205, 210} may have a width of 6-10 ym. In
ancther example, the channsls may have a width of 1-100 ym. In still another
example, the width of the input and output microfluidic channsls (205, 210} is
10 um. In yel another example, the width of the input microfiuidic channel (205}
iz variable along the flow path of the fluid such that the proximal end of the input
microfiuidic channel (205} coupled {o the fluidic slot (120) is wider than a
remaining portion of the input microfluidic channel (205),

(60291 The inpul and output microfluidic channels (205, 210) may be
fluidly coupled together via a number of interposing microfluidic channels (215}
Although Fig. 2 shows two interposing microfiuidic channeis (215}, any number
of interposing microfiuidic channels (215) may be used and the present
specification contemplales the used of two, thres, or more intsrposing
microfiuidic channels (215) without geing beyond the principles described

herain.



WO 2016/122577 PCT/US2015/013731

(84387  The interposing microfluidic channels (215} in Fig. 2 run
parallel to each other. Each of the interposing microfiuidic channels (215}
includes a sensor (220) that reads an impedance value of the fluid in intimate
contact with the sensory (220). In a first interposing microfiuidic channel (215),
the fluid including the analyie is passed through. in this first interposing
microfiuidic channels (215), all particles, reagents, and other fluids originally
present in the fluid are passed through. The sensor (220} in the first interposing
microfluidic channel (215) then measures the impedance of that fluid including
the analyte and sends an appropriate signal to a differential amplifier.

186311 Concurrently, another sensor {220} located in a second
interposing microfiuidic channel {215) may detect the impedance value of only
those portions of the fluid that can pass through the number of particle blocking
devices (225). The particle blocking devices (225) may block certain particles
or analyies within the fluid, preventing them from eniering the second
interposing microfluidic channel (215). In one example, the particle blocking
devices (225) may include a number of micrometer sized piilars defined in the
second interposing microfluidic channel (215). These pillars may be set ciose
enough to each other o prevent the passags of any particular size of particle or
analyte within the fluid. In one example, the particle blocking devices (225) may
be so sized and arrange so as to permit the passage of some sizes of particles
while block the passage of others. In another example, the particle blocking
devices (225} may be so sized and amrange so as to block all particles or
analyie in the fluid from passing through the second interposing microfiuidic
channel (215) and only allow the fluid to pass through. In the present
specification, therefore, those particles and fluid allowed to pass through the
second interposing microfiuidic channel (215) may be referred fo as a
background solution.

1803217  The sensor (220} within the second interposing microfiuidic
channel (215) may also measure the impedance value of the background
solution allowed to pass over the sensor {220}, An electrical signal indicating

the impedance value of the background solution is also passed from the sensor
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to the differential ampilifier to be compared with the signal received from the
sensor in the first interposing microfluidic channel (215).

(860331 During operation, the differential amplifier may receive the two
signals and subtract the impedance value detected by the sensor (220} in the
first interposing microfiuidic channel (215) from the impedance value detected
by the sensor in the second inferposing microfiuidic channe! (215).
Consequently, the true impedance value of the particles of interest within the
analyte may be defermined without the impedance valug of the background
solution contributing to the sensed impedance.

(68341  In one example, the impedance valus of the respective
constituents of the fluid presented over the two sensors (220} is measured al
the same time. In ancther example, the impedance value of the respective
constituents of the fluid presented over the two sensors (220) is measured at or
around the same period of time. In yet another example, the impedance value
of the respective constituents of the fluid presented over the two sensors (220)
is measured as an analog value and presented {o the differential amplifier as an
analog signal. In this example, the differences in the values may be compared
in real ime as the fluid is passed through the MDC (100}, In still another
example, the analog signals received from the sensors (220) may be passed
through the differential amplitier and the ouiput may be passed through an
analog to digital converter io produce a digital signal.

[6435] Fig. 3is a block diagram of a microfluidic diagnostic chip (100}
for analyzing an analyte according to another example of the principles
described herein. The MDC (100) shown in Fig. 3 includes similar elements as
described in connection with Fig. 2 with the addition of a differential ampilifier
(305). As shown in Fig. 3, a number of electrical leads (310) may connect the
sensors within the MDC (100} to the differential amplifier (305) so that the
impedance signals detected by the sensors {220} may be fed into the
differential amplifier (305). In one example, the differential amplifier (305) may
form a part of the MDC {(100) may be defined in the substrate of the MDC (100},
in another example, the differential amplifier (305) may form part of the cassetie

{Fig. 1, 105} but not necessarily form part of the MDC (100). In this example,
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the signals presented {o the differential amplifier (305) from the MDC {100} may
be routed out of the MDC (100) and to the differential amplifier (305} via &
number of glectrical lines. In stili another example, the differential amplifier
(305) may for part of a separate computing device and may be electrically
connected o the electrical leads (310) of the sensors (220} via the electronic
device interface (Fig. 1, 110).

[860636] Figs. 2 and 3 both show the sensors {220} physically in parallel
and within two physicaily parallel interposing microfluidic channels {215}, Figs.
4A and 4B show block diagrams of two alternative MDC {(100) configurations
according {o two other exampies of the principles described herein. Fig. 4A
shows a single main microfluidic channel (405} fluidically coupled o the fluidic
slot (120). A channel cutout (410} is formed into a portion of the main
microfiuidic channel (405) and a particle blocking barrier (415} isolates the
channel culout (410} from the particles or analyte within the fluid as descried
above. The particle blocking barrier (415} may function similar o the particle
blocking devices {Fig. 2, 225) described in Fig. 2 by blocking those particles in
the fluid that are not to be passed across the sensor (220) behind the barrier
{415}, In this example shown in Fig. 4A, a portion of the side wall of the main
microftuidic channel (405} provides a barrier as well.

188377  The sensors (220) in Fig. 4A are not arranged in a parallel
configuration but are instead in a serial configuration where the sensor (220)
behind the barrier (415) reads the impedance value of the fluid without the
presence of the analyte before the second sensor (220} reads the impedance
value of the entire fluid comprising the analyte. In this configuration, the signals
sent to the differential ampilifier (Fig. 3, 305) may be coordinated such that the
signals from the first sensor behind the barrier (415} are delayed by some time
period. This may be done o accommodate for any variations in particle or
analyte density in the fluid.

(60381  Fig. 4A further includes a resistor {420) that serves to push or
pull the fluid through the main microfluidic channel (405) defined in the MDC
{100). During operation of the MDC (100} the fluid may be introduced info a

fluidic slot (120). The fluid may then flow into the main microfluidic channel

[4o)
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(405). The resistor {420) pushes or pulls the fluid through the main microfluidic
channel (405} by superheating the fluid to create the drive bubble which grows
and collapses in approximately 10 pys. The rapid bubble formation and collapse
causes net flow of fluid within the main microfluidic channel (405) due o, in one
example, the asymmelry in the fluidic design of the microfluidic channels (120,
405).

(68381  In one example, the resisior (420) formed in the microfluidic
channel (405) has a length ranging from 10-110 ym and a width ranging from
10-100 um. In another example, the resistor (420} is about 25 ym square. In
one example, each pump {112} may include a thin film resistor. The thin film
resistor may be made of tantalum or tantalum aluminum. In one example, the
thickness of the resistor may be approximately 500 angstroms to 5000
angstroms. The resistor may be encapsulated with a passive film which is then
encapsulated with a cavitation film. I ons example, the passive film may be
made of SiC or SiN and may be approximately 500-2000 angstroms thick. In
ancther example, the cavitation film may be made of tantalum or platinum and
may be approximately 500-2000 angstroms thick.

180481 The MDC (100) of Fig. 4A further shows a bore (425) that
serves as a hole through which an amount of fluid in the MDC (100) is ejected
out of the main microfluidic channel {405} defined in the MDC (100). A resistor
{420} is placed coplanar to the bore {(425) such that when the resistor (420) has
a voitage applied to if, a bubble forms. The bubble helps o push out an
amount of the fluid from the MDC (100) and into a reservoir fluidly coupled to
the bore (425). The fluid reservoir may be a dedicated reservoir in the MDC
(100} orin the cassefte (105) used to receive an amount of disposed fluid
sjected from the bore (425).

(8041} Fig. 4B is a second example showing the sensors (220} in
parallel and in contrast to that of Fig. 4A. In this example, the fluid is stil
passed through a single main microfluidic channel {(405) but the sensors (220)
analyze the fluid and analyle while being physically in paraliel o each other.

This allows for a single main microfluidic channel {405} to be used while stili
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measuring the differences in impedance values of the same analvte
concentration of fluid.

(00421 Fig. 5is a flowchart showing a method of removing
background noise from an impedance value of an analvie in an MDC {100}
according to one exampie of the principles described hersin. The method may
begin with measuring (505}, with a first sensor (220), the impedance valus of 2
fluid comprising an analyte. As described above, the fluid may be passed
through a microfluidic channel (215, 405) with a sensor therein.

188431  The method (500} may continue with measuring (510), with a
second sensor, the impedance value of the fluid without the analyte. As
described above this is accomplished by providing a barrier (225, 415} or series
of barriers (225, 415} that prevents the particles of the analyte from reaching
the second sensor (220). In one example, the second sensor (220} is located in
a separate microfluidic channel (215, 405) from that of the first sensor (220). In
another exampie, the second sensor (220} and first sensor {220} are located in
the same microfluidic channel {215, 485}, In still another example, the second
sensor {220} and first sensor (220} are located in the same microfluidic channel
{215, 405} and the microfluidic channels (205, 210, 215) are designed such that
the fluid including the analyte is recirculated over the first and second sensors
{220}, In this example, the recirculation of the fluid may allow for a reaction to
take place betwesn, for example, the analyte and a reagent. Hers, the sensors
may further measure the changing impedance value of the analyte and reagent
mixture as a reaction is progressing over lime.

(60441  The method (500} may continue with comparing, with a
differential amplifier (305}, the impedance value detected by the first sensor
(220} to the impedance value detected by the second sensor (220}, The
comparison may include subiracting the impedance value sensed by the
second sensor (220} from the impedance value sensed by the first sensor
(2203,

[8045] Fig. 6 is a block diagram of a microfluidic diagnostic chip
systarn (600) according 1o one example of the principles described herein. The

systemn (600} includes a computing device (605} and a cassetie (105}
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selectively electrically coupled o the computing device (805). The cassstie
(105) includes a MDC {100} and an eleclronic device interface {110} as
described above in connection with Fig. 1. In one example, the cassetie (105)
may be communicatively coupled o the computing device (505} via a USB
connector,

(60467  The compuling device (6805) includes various hardware
componenis. Among these hardwarg components may be a number of
processors (6810}, a number of data storage devices {(615), a number of
peripheral device adapters {635), a number of network adapters (640}, and a
display device (650). These hardware components may be interconnected
through the use of a number of busses {645) and/or nelwork connections. in
one example, the processor (810}, dala siorage device (615}, peripheral device
adapiers (635), and network adapter (640) may be communicatively coupled via
a bus (645).

(8047 The processor (610} may include the hardware architecture to
refrieve executable code from the data storage device (615) and executls the
execulable code. The executable code may, when executed by the processor
(610}, cause the processor (610) [o implement at lsast the funclionality of
receiving a number of electrical signais from the MDC (100} via the electronic
device interface {110} and the peripheral device adapter {635}, according to the
methods of the present specification described herein. In the course of
execuling code, the processor {610} may receive input from and provide oulput
to a number of the remaining hardware units.

(60481 The data storage device {615} may store data such as
executable program code that is execuled by the processor (610} or other
processing device. The data storage device {6810} may specifically store
computer code representing a number of applications that the processor (81G)
execuies to implement at least the funclionality described herein.

[8048] The data storage device (615) may include various types of
memory modules, including volatile and nonvolatile memory. For example, the
data storage device {615) of the present example includes Random Access
Memory (RAM} (630}, Read Only Memory {(ROM) (625), and Hard Disk Drive

12
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(HDD) memory (620). Many other types of memory may also be utilized, and
the present specification contemplates the use of many varying type(s} of
memory in the data storage device (615) as may suit a particular application of
the principles described herein. In certain examples, different types of memory
in the dala storage device (615) may be used for different data storage needs.
For example, in certain examples the processor (810) may boot from Read Only
Memory (ROM) (625), maintain nonvolatile storage in the Hard Disk Drive
(HDD)} memory (620}, and execute program code sfored in Random Access
Memory (RAM) (630).

188587 Generally, the data storage device {615} may include a
computer readable medium, a computer readable storage medium, or a non-
transitory computer readable medium, among others. For sxample, the data
storage device (615) may be, but not imited o, an electronic, magnetic, optical,
electromagnedic, infrared, or semiconductior system, apparatus, or device, or
any suitable combination of the foregoing. More specific examples of the
computer readable storage medium may include, for example, the following: an
slectrical connection having a number of wires, a portable compuler disketlts, a
hard disk, a random access memory (RAM), a read-only memory (ROM), an
erasable programmabile read-only memory (EPROM or Flash memory), a
portable compact disc read-only memory {CD-ROM], an optical storage device,
a magnetic storage device, or any suitable combination of the foregoing. In the
context of this document, a compuler readable siorage medium may be any
tangible medium that can contain, or store computer usable program code for
use by or in connection with an instruction execution system, apparatus, or
device. In another example, a computer readable storage medium may be any
non-transitory medium that can contain, or store a program for use by or in
connection with an instruction execution systerm, apparatus, or devics.

[8051] The hardware adapters (835, 640} in the computing device
{605) enable the processor {(610) to interface with various other hardware
elements, external and internal to the computing device (610). For example,
the peripheral device adapters {835} may provide an interface {o inpulfoutput

devices, such as, for example, display device (650}, a mouse, or g keyboard.
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The peripheral device adapiers {635) may also provide access o other extamal
devices such as an external storage device, a number of network devices such
as, for example, servers, swilches, and routers, client devices, other types of
computing devices, and combinations thereof.

(80521 The display device (850} may be provided {o allow a user of
the computing device {605) o interact with and implement the functionality of
the computing device (605). The peripheral device adapters (635) may also
creaie an interface between the processor (610) and the display device (650), a
printer, or other media cutput devices. The network adapter (640) may provide
an interface to other computing devices within, for example, a network, thereby
enabling the transmission of dala befween the computing device (605} and
other devices located within the network.

[60531  Aspects of the present system and method are described
herein with reference to flowchart Hlustrations and/or block diagrams of
methods, apparatus (systems) and computer program products according to
examples of the principles described herein. Each block of the flowchart
fiustrations and block diagrams, and combinations of blocks in the flowchart
flustrations and block diagrams, may be implemented by compuler usable
program code. The compuier usable program cods may be provided o a
processor of a general purpose computer, special purpose computer, or other
programmable data processing apparatus to produce 8 machineg, such that the
computer usable program code, when execuled via, for example, the processor
{610} of the computing device (605) or other programmable daia processing
apparatus, implement the functions or acts specified in the flowchart andfor
block diagram block or blocks. In one example, the computer usable program
code may be embodied within a computer readable storage medium; the
computer readable storage medium being part of the computer program
product. In one example, the computer readable storage medium is a non-
fransitory computer readable medium.

(60547  The specification and figures describe a diagnostic chip that
removes background noise in an impedance signal of an analyte. This

diagnostic chip may, for example, allow for a betier cell impedance signal to
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noise ratio. Additionally the MDC may, for example, allow for high accuracy of
cell detection and counting on the microfluidic scale.

(80551 The preceding description has been presented to illustrate and
describe examples of the principles described. This description is not intendead
to be exhaustive or to limit these principles to any precise form disclosed. Many

modifications and variations are possible in light of the above teaching.
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CLAIMS

WHAT IS CLAIMED {S:

1. A microfiuidic diagnostic chip, comprising:

a number of input microfiuidic channels;

a number of cutput microfluidic channels;

a number of interposing microfluidic channels fluidly coupled at one end
to at least one inpul microfluidic channel and at a second end (o at least one
output microfluidic channsl; and

first and second microfluidic sensors within the number of interposing
microfiuidic channels;

wherein the microfluidic diagnostic chip is {o compare output from the
first microfluidic sensor sensing a fiuid comprising an analyte to output from the

second microfiuidic sensor sensing the fluid lacking the analyie.

2. The microfluidic diagnostic chip of claim 1, further comprising a blocking
device o prevent particles of the analyvte within the fluid from being sensed by

the sscond microfluidic sensor.

3. The microfluidic diagnostic chip of claim 1, further comprising a
differential amp to receive signals from the first and second microfluidic sensors

and compute a differential output.

4, The microfiuidic diagnostic chip of claim 1, wherein the number of
interposing microfluidic channels comprises a plurality of interposing microfluidic
channels with the first and second microfluidic sensors sach in a separate

irerposing microfluidic channel.

5. The microfluidic diagnostic chip of claim 4, further comprising a thin film
resistor to pump the fluid through the input, output, and interposing microfluidic

channels wherein the thin film resistor is encapsulated with a passive film and
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wherein the film resistor and passive film are encapsulated with a cavitation

film.

8. The microfluidic diagnostic chip of claim 1, wherein the number of
interposing microfluidic channels comprises a single inlerposing microfluidic
channel with the first and second microfluidic sensors in the single interposing

microfiuidic channel.

7. The microfiuidic diagnostic chip of claim 1, wherein the first and second
ricrofiuidic sensors measure impedance of the first fluid comprising the analyle

and the second fluid without the analvie in real time.

8. A method of removing background noise from an impedance value of an
analyie in a microfiuidic diagnostic chip, comprising:

measuring, with a first sensor, the impedance vaiue of a fluid comprising
an analyte;

measuring, with a second sensor, the impedance value of the fluid
without the analyte; and

comparing the impedance value delectad by the first sensor (o the

impedance vaiue defected by the second sensor.

S. The method of claim 8, wherein the microfluidic diagnostic chip
comprises a biocking device to prevent particles of the analyle within the fluid

from being sensed by the second microfiuidic sensor.

10. The method of claim @, wherein the first and second sensors are within
the same microfluidic channel and the fluid comprising the analyte is

recirculated through the microfluidic channel.
11. The method of claim 8, whersin the first sensor is within a first
microfluidic channel and wherein the second sensor is within a second

microfluidic channel.
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12.  The method of claim 11, wherein a first end of each of the separate
niicrofluidic channels are fluidly coupled {o an input channel and a second end

of each of the separate microfluidic channeis ars coupled to an cutput channsl

13. A sysiem, comprising:
a microfluidic chip comprising:
a first sensor; and
a second sensor; and
a differential amplifier communicatively coupled to or within the
ricrofluidic chip;
wherain the first sensor is to measure an impedance value of a fluid
comprising an analyts;
wherein the second sensor is 1o measure an impedance value of the fluid
without the analyle; and
whearein the differential ampilifier is to compare the impadance valuss

raceived from the first and second sensors.

14.  The system of claim 13, further comprising a number of particle blocking
pillars around the second sensor o prevent particles from being sensed by the

second sensor.

15.  The system of claim 13, wherein the first sensor is within a first
microfluidic channel in the microfluidic chip, wherein the second sensor within a
second microfividic channs! in the microfluidic chip, and wherein the first and

second sensors ars in parailel relative 1o each other.
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