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(57) Abstract: The mventive concepts dis-
closed herem are generally directed to a
sensor array device that has a prolonged
sheltf life but requires only a minimal
amount of sample volume mn order to test
two or more analytes concurrently. In or-
der to ensure the sensor array has a suffi-
cient shelf life, anti-diffusion regions are
positioned among the reaction wells 1n or-
der to slow the processes of diffusion. The
use of anti-diffusion regions, as described
herein, can be used to optimize the number
of sensors that can be fit into a sensor ar-
ray designed for reduced sample liquid
volumes (e.g., less than 100 puL) as well as
extending the test strip's shelf life.
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SENSOR ARRAY WITH ANTI-DIFFUSION
REGION(S) TO EXTEND SHELF LIFE

[0001] The subject application claims benefit under 35 USC § 119(e) of US
Provisional Application No. 62/094,478, filed December 19, 2014. The entire contents of the

above-referenced patent application are hereby expressly incorporated herein by reference.

BACKGROUND
1. Field of the Disclosure

[0002] This disclosure relates to a sensor array with an extended shelf life.

2. Brief Description of the Related Art

[0003] Figs. 1A and 1B depicts a top and a side view along line A-A’ of an
1llustrative sensor array 100 for testing a sample liquid for one or more analytes. Sensor
array 100 includes at least one planar substrate 2, one or more planar conductors 4 disposed
on a upper surface 6 of the substrate 2, at least one dielectric layer 8 disposed adjacent to the
upper surface 6, and at least one well 10 created 1n dielectric layer 8. Each well 10 being
associated with a planar conductor 4 and extending between an upper surface 16 of the
dielectric layer 8 and an opposed lower surface 18 of the dielectric layer 8. The lower surface
18 being adjacent to the upper surface 6 of the substrate 2. Wells 10 may contain membrane
chemustries 12 dispensed therein. When the sample liquid flows along the upper surface 16
of the dielectric layer 8, the membrane chemistries 12 may react with sample fluid. The

reaction producing a response 1n the associated planar conductor 4.

SUMMARY OF THE INVENTIVE CONCEPT(S)

[0004] In one aspect, the inventive concepts disclosed herein are directed to a
sensor array. The sensor array containing: (1) a first planar substrate, the first planar
substrate having a first planar surface of the first planar substrate; (2) at least two coplanar
electrodes disposed on the first planar surface of the first planar substrate; (3) a dielectric
layer, the dielectric layer having opposed first and second planar surfaces, the second surface
of the dielectric layer being proximate to and coplanar with the first surface of the first planar
substrate, the dielectric layer being comprised of dielectric matenial; (4) a first reaction well

and a second reaction well, the respective first and second reaction wells being a hole
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extending between the first surface of the dielectric layer and the first surface of the first
planar substrate, the respective holes being positioned over a respective coplanar electrode
and at least partially filled with at least one membrane chemistry, the membrane chemustry
being 1n contact with the respective coplanar electrode; and (5) at least one anti-diffusion
region, the anti-diffusion region extending between the first surface of the dielectric layer and
the first surface of the first planar substrate, the anti-diffusion region being devoid of the
dielectric matenal, the anti-diffusion region being at least partially disposed in between the
first reaction well and the second reaction well, the anti-diffusion region blocking at least one
diffusion path extending between the first reaction well and the second reaction well, the at
least one diffusion path being a route along which diffusible elements of the membrane
chemustry of at least one of the first reaction well or the second reaction well diffuse through
the respective dielectric layer.

[0005] In another aspect of the inventive concepts, the length of the anti-diffusion
region intersects a first imaginary straight line extending between the first reaction well and
the second reaction well.

[0006] In yet another aspect of the inventive concept, the sensor array of claim 4,
further comprising a third reaction well and the length of the anti-diffusion region intersects
the first imaginary straight line and a second 1maginary straight line extending between the

centers of the second reaction well and the third reaction well.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0007] Figs. 1A and 1B depict a top view and a side view along line A-A” of
1llustrative sensor array, respectively.

[0008] Figs. 2A and 2B depict a top view and a side view along line A-A’" of
1llustrative sensor array, respectively.

[0009] Figs. 3A and 3B depict a top view and a side view along line A-A" of
1llustrative sensor array, respectively.

[0010] Figs. 4A and 4B depict a top view and a side view along line A-A’ of
1llustrative sensor array, respectively.

[0011] Figs. SA and 5B depict a top view and a side view along line A-A’ of
1llustrative sensor array, respectively.

[0012] Figs. 6A and 6B depict a top view and a side view along line A-A’ of

1llustrative sensor array, respectively.
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DETAILED DESCRIPTION OF THE INVENTIVE CONCEPT(S)

[0013] Before explaining at least one embodiment of the inventive concepts
disclosed herein in detail, 1t 1s to be understood that the inventive concepts are not limited in
their application to the details of construction and the arrangement of the components or steps
or methodologies set forth i the following description or 1llustrated in the drawings. The
inventive concepts disclosed herein are capable of other embodiments or of being practiced
or carried out 1n various ways. Also, 1t 1s to be understood that the phraseology and
terminology employed herein 1s for the purpose of description and should not be regarded as
limiting the inventive concepts disclosed and claimed herein 1n any way.

[0014] In the following detailed description of embodiments of the inventive
concepts, numerous specific details are set forth in order to provide a more thorough
understanding of the inventive concepts. However, 1t will be apparent to one of ordinary skill
in the art that the inventive concepts within the instant disclosure may be practiced without
these specific details. In other instances, well-known features have not been described 1n
detail to avoid unnecessarily complicating the instant disclosure.

comprising." "includes."

[0015] As used herein, the terms "comprises,
"Including." "has." "having" or any other variation thereof, are intended to cover a non-
exclusive inclusion. For example, a composition, a process, method, article, or apparatus that
comprises a list of elements 1s not necessarily limited to only those elements but may include

other elements not expressly listed or imnherently present therein.

2% < 2% C¢

[0016] As used herein the terms “approximately,” “about,” “substantially” and
variations thereof are intended to include not only the exact value qualified by the term, but
to also include some slight deviations therefrom, such as deviations caused by measuring
error, manufacturing tolerances, wear and tear on components or structures, settling or
precipitation of cells or particles out of suspension or solution, chemical or biological

degradation of solutions over time, stress exerted on structures, and combinations thereof, for

example. As one example, “about” may refer a value that 1s = 10% of the stated value.

[0017] As used herein, the term “sample” and varnations thereof 1s intended to
include biological tissues, biological fluids, chemical fluids, chemical substances,
suspensions, solutions (such as calibrating solutions or reference solutions), slurries,
mixtures, agglomerations, tinctures, slides, powders, or other preparations of biological
tissues or fluids, synthetic analogs to biological tissues or fluids, bacterial cells (prokaryotic

or eukaryotic), viruses, single-celled organisms, lysed biological cells, fixed biological cells,
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fixed biological tissues, cell cultures, tissue cultures, genetically engineered cells and tissues,
genetically engineered organisms, and combinations thereof, for example.

[0018] Unless expressly stated to the contrary, "or" refers to an inclusive or and not
to an exclusive or. For example, a condition A or B 1s satisfied by anyone of the following: A
1s true (or present) and B 1s false (or not present), A 1s false (or not present) and B 1s true (or
present), and both A and B are true (or present). An inclusive or may be understood as being
the equuvalent to: at least one of condition A or B.

[0019] In addition, use of the "a" or "an" are employed to describe elements and
components of the embodiments herein. This 1s done merely for convenience and to give a
general sense of the inventive concepts. This description should be read to include one or at
least one and the singular also includes the plural unless 1t 1s obvious that 1t 1s meant
otherwise.

[0020] As used herein, any reference to "one embodiment" or "an embodiment”
means that a particular element, feature, structure, or characteristic described in connection
with the embodiment 1s included 1n at least one embodiment. The appearances of the phrase
"In one embodiment” 1n various places in the specification are not necessarily all referring to
the same embodiment.

[0021] Finally, the embodiments of the sensing device disclosed herein may be
understood with reference to a first, second, and third direction such as, for example, lateral
direction “A’, a longitudinal direction ‘L” which 1s perpendicular to lateral direction “A’, and
a transverse direction “T° which 1s perpendicular to longitudinal direction ‘L.” The
longitudinal direction L and the lateral direction A extend horizontally as illustrated, and the
transverse direction T extends vertically, though 1t should be appreciated that these directions
may change depending, for instance, on the orientation of the sensor array. It should also be
understood that first direction may be referred to as the lateral direction. It should also be
understood that second direction may be referred to as the longitudinal direction. It should
also be understood that third direction may be referred to as the transverse direction.

[0022] The inventive concepts disclosed herein are generally directed a sensor array
device that has both a prolonged shelf life and use life but only requires only a minimal
amount of sample volume 1n order to test two or more analytes concurrently. As should be
understood by a person skilled 1n the art, “shelf life’ refers to the length of time the sensor
array can be stored without becoming unfit for use while the related concept of ‘use life’

refers to the length of time during which the sensor can remain in use before becoming unfit
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for continued use. Depending on the sensor array, use life can concurrently or consecutively
with shelf life.

[0023] Low sample volumes are desirable when the sample 1s limited, such as in the
case of neonatal patients, or when the sample 1tself 1s expensive. As opposed to prior art
configurations, which required the volume to increase with the number of analytes being
detected, the required sample volume for the sensor arrays described herein can be greatly
reduced by arranging individual sensors closely together along longitudinal direction L.
However, referring back to the configuration described in connection with Figs. 1B and 1A,
some dielectric layers 8 are made of materials which allow for the diffusion of certain
diffusible substances through the dielectric layer 8 (represented by diffusion paths 14). One
example of such a diffusible substance are plasticizers located within certain membrane
chemustries 12 contained, for example, within a well 10. As plasticizers emanate outwardly
from membrane chemistries 12 1 a particular well 10 along multiple diffusion paths 14 they
form what can be referred to as a “plasticizer front.” Each type of diffusible substance has its
own characteristics which enable 1t to diffuse at a faster or slower rate than other diffusible
substance through the same dielectric material. The rate at which diffusible substances
diffuse through a dielectric 1s also, for example, a function of the (1) diffusible substance’s
size—small molecules diffusing faster than larger ones—(2) and the concentration of
diffusible substances (higher concentrations of which can result in faster diffusion rates).

[0024] If certain diffusible substances from the membrane chemustry 12 of one well
10 diffuse into a second well 10 or come 1nto contact with diffusible substances emanating
from the second well 10, the resistance between the two wells 10 can become sufficiently low
enough that an electrochemical connection 1s established between the first and second wells
causing the two wells to no longer behave independently from one another. As a result, the
diffusion of diffusible substances 1n membrane chemistries 12 directly impacts the shelf life
of sensor array 100.

[0025] According to the inventive concepts discloses herein, 1in order to ensure the
sensor array has a sufficiently long shelf life, anti-diffusion regions are positioned among the
reaction wells 10 1n order to slow, or stop, the processes of diffusion. The use of anti-
diffusion regions, as described herein, can be used to optimize the number of sensors that can
be fit into a sensor array designed for reduced sample liquid volumes (e.g., less than 100 uL)
while extending the sensor array’s shelf life. Embodiments of sensor arrays with illustrative

anti-diffusion regions are discussed in connection with Figs. 2A through 6B below.
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[0026] Figs. 1A and 1B depict, respectively, a top view and a side view along line
A-A’ of illustrative sensor array 100. Sensor array 100 includes a planar substrate 2. Planar
substrate 2 may be substantially planar with a substantially planar upper surface 6 and
substantially planar lower surface 20 of the planar substrate 2. The upper surface 6 and lower
surface 20 both extend 1n the lateral direction A and the longitudinal direction L and are
separated by a thickness extending along the transverse direction T. Planar substrate 2 may be
formed using a variety of methods and materials known to a person of ordinary skill in the
art. For example, planar substrate may be constructed using one or more of, for example, flex
PCB, PET, PI, etc.

[0027] Sensor array 100 further includes one or more planar conductors 4 disposed
on—and coplanar with—upper surface 6 of the substrate 2 (three examples of conductors 4
are depicted in Figs. 1A and 1B), a planar dielectric layer 8 disposed adjacent to as well as
coplanar with the upper surface 6, and a plurality of wells 10 created 1n dielectric layer 8.
Wells 10 extend along transverse direction T between planar upper surface 16 and planar
lower surface 18 of dielectric layer 8.

[0028] While not shown 1n Figs. 1A or 1B, the assay device 100 may also contain
additional layers disposed above the dielectric layer 8 and opposite substrate 2. These
additional layers may define a fluid flow path that 1s at least partially above one or more, up
to all, of wells 10 and facilitates the flow of the iquud sample towards the one or more wells
10. Alternatively, a structure external to assay device 100 may form the flow path.

[0029] Coplanar conductors 4 may be formed using a variety of methods and
materials known to a person of ordinary skill in the art. For example, coplanar conductors 4
may be formed using a thick film approach (e.g., screen printing, rotogravure, pad printing,
stenciling conductive material such as carbon, Cu, Pt, Pd, Au, and/or Nanotubes, etc...) or a
thin film approach (e.g., by sputtering, thermal spraying, and/or cold spraying conductive
material). Coplanar conductors 4 may be partitioned using, for example, laser ablation. It
should be understood that the configuration of conductors 4 in the Figures described here are
merely for illustrative purposes only and a person of ordinary skill in the art will appreciate
that conductors 4 may be distributed on substrate 2 1n a variety of alternative ways. While
not shown 1n the Figures, one or more, up to all, of the conductors 4 are electrically coupled
to a contact region elsewhere on the sensor assembly. These electrical contacts enable the
sensor assembly to be electrically connected to a processor and/or an external device.

[0030] The dielectric layer 8 may be comprised of one or more individual layers

that are collectively referred to as the dielectric layer 8. The one or more planar dielectric
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layers 8 are disposed adjacent to the upper surface 6 of the planar substrate 2. The dielectric
layer(s) 8 may be formed using a variety of methods and materials known to a person of
ordinary skill in the art. For example, dielectric layers 8 may be made by laminating a
dielectric onto the planar substrate using an adhesive layer (or another means of adhesion)
disposed 1n between the dielectric layer 8 and the substrate 2. Alternatively, dielectric
layer(s) could 1tself be a pressure sensitive adhesive layer or can be integrated into planar
substrate 2 by forming dielectric layer(s) 8 directly on top of upper surface 6 and coplanar
conductors 4.

[0031] Wells 10 are holes (also referred to as apertures) in the dielectric layer 8 and
extend along the transverse direction T between an upper surface 16 of the dielectric layer 8
and the upper surface 6 of the substrate 2. If an adhesive layer 1s present, wells 10 may also
extend through the adhesive layer disposed 1in between the dielectric layer 8 and the substrate
2. The cross section of respective wells 10 extend along the lateral direction A and the
longitudinal direction L. The cross section of respective wells 10 may be circular, ovular, or
any other regular or irregular shape. Individual wells 10 may be positioned over respective
conductors 4 either (1) directly above respective conductors 4 and aligned along transverse
direction T—as depicted in the Figures—or (2) above respective conductors 4 along
transverse direction T and offset along one or both of lateral direction “A” and longitudinal
direction ‘L.” In this offset configuration a hydrophilic layer (not shown) may be positioned
between an individual well 10 and the respective conductor 4 along transverse direction T to
aid 1n signal transduction between the respective conductor 4 and the membrane chemistry 12
disposed inside the well 10. Wells 10 may contain membrane chemuistries 12 dispensed
therein such that the membrane chemustries 12 contact the respective conductors 4
underneath. While the wells 10 1n Figs. 1A and 1B are depicted as being centered around,
and evenly spaced along, line A-A’ 1t should be understood that they can be arranged 1n a
variety of alternative configurations. When the sample liquid flows along the upper surface
16 of the dielectric layer 8, the membrane chemustries 12 may react with sample fluid. The
reaction producing a response 1n the associated planar conductor 4. The combination of a
well 10, membrane chemistries 12 contained therein, as well as the associated conductor 4
may be collectively referred to as a sensor.

[0032] As discussed above, some dielectric layers 8 are made of materials which
may allow diffusible elements to diffuse there through. For example, certain membrane
chemustries 12 may contain such diffusible elements which diffuse outwardly from their

respective wells 10 through dielectric layer 8. A membrane chemistry 12 containing
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diffusible elements capable of diffusing through a given dielectric layer 8 may be understood
to as being “compatible” with the dielectric layer 8. When membrane chemistry 12 do not
contain diffusible elements capable of diffusing through the dielectric layer 8, the membrane
chemistry 12 may be understood as not being compatible with the dielectric layer 8. An
example of a diffusible element 1s a plasticizer. It should be understood that sensor array 100
may contain a variety of different types of membrane chemustries 12—one or more of which
may be compatible with the dielectric layer 8 and one or more of which may not be
compatible with the dielectric layer 8. It should be further appreciated that dielectric layer 8
may be made from a variety of materials known to a person of ordinary skill—each of which
have certain membrane chemistries 12 that are or are not compatible therewith.

[0033] When a membrane chemistry 12 contains diffusible elements 1n a respective
well 10 that are compatible with the respective dielectric layer 8, diffusible elements of
certain membrane chemustries 12 diffuse through the dielectric layer 8 outwardly from the
well 10 along routes referred to as diffusion paths 14. As depicted 1n Figs. 1A-1B,
1llustrative diffusion paths 14 may extend through the dielectric layer 8 along one, two, or all
three of the lateral direction A, the longitudinal direction L, and the transverse direction T.
For example, diffusion paths 14 may, for example but not limited to, take one or more of a
random path, a straight line, an arc, a z1g-zag route, or serpentine route through dielectric
layer 8. Consequently, diffusion paths 14 may have a variety of lengths. Using well 10A as
an example, when diffusion paths 14 extending from well 10A either (1) reaches second well
10B (as shown m Fig. 1 A) or (2) intersects a diffusion path 14 extending from the second
well 10B (as shown 1n Fig. 1B), the plasticizers from the respective membrane chemistries 12
of wells 10A and 10B diffuse together—resulting 1n an electrochemical connection in which
the resistance between the pair of wells 10A and 10B becoming sufficiently low enough that
wells 10A and 10B no longer behave independently from one another.

[0034] Turning now to Figures 2A and 2B, which depict a top view and a side view
along line A-A’ of 1llustrative sensor array 200—which resembles sensor array 100 1n certain
respects. In order to extend the shelf life of a sensor array, one or more anti-diffusion regions
22 may be located within the dielectric layer 8 in order to slow the processes of diffusion of
one or more of membrane chemistries 12. An anti-diffusion region 22 1s a region that
prevents the diffusion of the diffusible elements of the membrane chemistry 12 there through.
The anti-diffusion region 22 1s located between the upper surface 16 of the dielectric layer 8
and the upper surface 6 of the planar substrate 2. If an adhesive layer 1s located 1in between

the dielectric layer 8 and the substrate layer 2, the anti-diffusion region may or may not
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extend through the adhesive layer as well—depending on whether the diffusible elements are
capable of diffusing through the adhesive layer too. Each anti-diffusion region 22 1s
positioned 1n between two wells 10 1n order to block one or more diffusion paths 14 between
two reaction wells 10. For example, each anti-diffusion region 22 can be positioned in order
to block at least the most direct diffusion path(s) 14 between two wells. The most direct
diffusion path(s) 14 between any two wells may be understood as being the shortest route(s)
the diffusion elements can take through the dielectric layer 8 between those two wells.

[0035] As should be appreciated to a person of ordinary skill in the art, anti-
diffusion regions 22 can be formed 1n a variety of ways. For example, anti-diffusion regions
22 can be formed 1n the dielectric layer(s) and (1f applicable) the adhesive layer using one or
more of: laser ablation, cutting, scoring, stamping, and grinding.

[0036] As shown and described in the Figures, the anti-diffusion region 22 may be a
region in the dielectric layer 8 that 1s devoid of any matenals (e.g., an air gap) with a height
that extends between the upper surface of the substrate 2 and the upper surface 16 of the
dielectric layer 8 along the transverse direction T. Alternatively, the above described air gap
may be partially or completely covered along 1ts length using a cover material adjacent to
surface 6 that blocks diffusion paths 14 as well as the sample liquid from flowing into the
anti-diffusion region 22. In yet another example, anti-diffusion regions 22 may anti-
diffusion regions 22 may be filled with a blocking material which blocks diffusion paths 14
in dielectric layer 8 from continuing through the anti-diffusion region—such as a material
that 1s not compatible with one or more of the diffusible elements in one or more of
membrane chemustries 12 of sensor array 200.  If an adhesive layer 1s located 1n between
the dielectric layer 8 and the substrate layer 2, the height of the anti-diffusion region 22 may
or may not extend through the adhesive layer as well. For example, when the adhesive layer
1s compatible with any of the membrane chemustries 12, the height of the anti-diffusion
region 22 can extend through the adhesive layer. Anti-diffusion regions 22 also have a length
that extends along one or both of the lateral direction A and the longitudinal direction L, and
a width that extends along one or both of the lateral direction A and the longitudinal direction
L. As should be understood by a person skilled in the art, each of the anti-diffusion regions
22 discussed above can be utilized separately or in combination in the configurations
explained below.

[0037] In certain embodiments, an anti-diffusion region 22 may be circular. For
example, a circular anti-diffusion region 22 may have the size and space of a well 10 but are

devoid of membrane chemistry 12. These circular anti-diffusion regions 22 can be placed in

9



CA 029714772 201'7-06-16

WO 2016/100658 PCT/US2015/066363

between two wells 10 which each contain chemistry 12. While easy to manufacture, circular
anti-diffusion regions 22 are not space efficient since they take up a significant amount of
surface area.

[0038] In contrast to a circular anti-diffusion region 22, a trench 24 configuration 1s
more space efficient. Illustrative embodiments of trench 24 have a rectangular profile (when
viewed along, for example, the lateral direction A and the longitudinal direction L) with a
length and a width. The length of respective trenches 24 may be linear (extending, for
example, along a straight path along the lateral direction A) or non-linear (extending, for
example, along a curved path along both of the lateral direction A and longitudinal direction
L). Trenches may have a uniform width (extending, for example, along the longitudinal
direction L) or a variable width. While the length and the width of exemplary trenches 24
may be substantially equal, the length 1s typically longer than the width. In certain
embodiments, trenches 24 may have a width that 1s as narrow as possible. The narrowest
possible width of a trench 24 depends, in part, on the type of material which comprises the
dielectric layer. Certain dielectric materials are “soft” enough for too narrow of a trench 24
too reseal 1tself—thus the width of the trench 24 should be wide enough to prevent resealing
during a sensor assemblies predetermined shelf life. The narrowest possible width of a trench
24 also depends, 1n part, on the method used to form the trench 24. For example, if the trench
1s formed with a laser, the laser may scorch the side walls of the trench 24—thereby helping
to avoid the trench from resealing. Depending on the dielectric material used, exemplary
trench widths include: 1 um, 2um, 10um, 100um, mm, 0.75 mm, 0.5 mm, and 0.25 mm. The
narrowest possible width of a trench 24 further depends on whether the trench 1s devoid of
material. If a trench 1s filled with a material 1t need only be narrow enough to contain the
material. Depending on the width of the trench 24, the type of dielectric material used 1n the
dielectric layer 8, and the technique used to make the trench 24, the width of the trench may

vary significantly along 1ts length. For Example, if a 1 um trench 24 1s created by scoring, the

width of the trench could vary by as much as 100% (£1um) or more.

[0039] It should be understood that while the trenches 24 typically have a uniform
width along the trench height (along the transverse direction T), this need not be the case.
Exemplary trenches may have a “V’ shape (where the width of the trench 24 1s widest at the
upper surface 16 of the dielectric layer 8). Depending on the type of dielectric material used,
such a "V’ shaped trench may prevent the trench from resealing or facilitate the insertion of

material into the trench 24.
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[0040] In order to improve shelf life, the trench 24 1s positioned in order to block, at
least, the diffusion path(s) traveling along the shortest route(s) (within the dielectric layer 8 or
adhesive layer) between two wells 10. When two wells 10 are adjacent to one another, the
trench 24 1s positioned such that 1t intersects, at least, the shortest imaginary straight line
extending between the two wells 10.

[0041] Figs. 2A and 2B depict an 1llustrative configuration of a sensor assembly
200 with a linear trench 24 A shaped anti-diffusion regions 22 and a circular shaped anti-
diffusion region 26. As with trenches 24, circular shaped anti-diffusion region 26 may or
may not have a uniform width along 1ts height (along the transverse direction T). Fig. 2A 1s a
top view of the sensor and Fig. 2B 1s a view along line A-A’. Figs. 2A and 2B depict wells
10A, 10B, and 10C centered around, and evenly spaced along, line A-A’. Trench 24A 1n
Figs. 2A and 2B 1s positioned between wells 10B and 10B, 10C, respectively, and ornented
such that 1ts respective length 1s perpendicular to and centered around line A-A°. By
positioning at least part of anti-diffusion regions 22 (e.g., trench 24 A and circular region 26)
in between each pair of wells 10A, 10B and 10B, 10C, the trenches 24 A block at least one
diffusion path extending between the each pair of reaction wells 10A, 10B and 10B, 10C. In
particular, trench 24A and circular region 261n Figs. 2A and 2B block not only the shortest
diffusion path between each pair of wells 10A, 10B and 10B, 10C, but many others. As
shown 1n Fig. 2A, a significant number of diffusion paths are blocked by the trench 24 A and
circular region 26. In order to circumvent one of the trenches 24 A, a diffusion path must be
significantly longer than the shortest diffusion path there by prolonging shelf life.

[0042] In Figs. 2A and 2B, the length of trench 24A does not extend through the
entire length of the dielectric layer 8 along the lateral direction A. By not extending the
trench 24 A the entire length of the dielectric layer 8, the dielectric layer 8 can continue to
provide structural rigidity to the sensor assembly 200 1n those embodiments where the
dielectric layer 8 1s needed to maintain the structural integrity of the sensor assembly 200
(such as when planar substrate 2 1s insufficiently rigid or when the sensor assembly 200 1s not
otherwise structurally supported). However, as shown in Figs. 3A and 3B, when the
dielectric layer 8 1s not needed to maintain structural integrity, trenches 24A may extend
through the entire length of the dielectric layer 8. By extending the entire length of the
dielectric layer 8, the trenches 24 A 1n Figs. 3A and 3B bifurcate the dielectric layer into
multiple 1solated regions, thereby blocking all potential diffusion paths 14. Figures 3A and
3B depict a top view and a side view along line A-A" of 1llustrative sensor array 300—which

resembles sensor array 200 1n certain respects.
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[0043] While the trenches 24 A can have many different lengths, the longer the
length of any given trench 24 A, the more diffusion paths 14 1t will block. Thus, 1n an
1llustrative embodiment, the length of individual trenches 24 A 1s equal to the diameter of an
adjacent well 10. In other embodiments, the length of individual trenches 24 A 1s one of
about 1.2, 1.5,1.7,2,2.2,25,2.7,3,3.2,3.5,3.7,4,42,4.5,4.7, or 5 times the diameter of
an adjacent well.

[0044] While trenches 24 A 1n Figs. 2A, 2B, 3A, and 3B are depicted as being
symmetrically positioned in between pairs of wells 10, 1t should be understood that the
lengths of trenches 24 A need not be centered along line A-A’ nor must they extend
perpendicularly to ine A-A’. Additionally, the trenches 24A do not need to be centered 1n
between adjacent wells.

[0045] Figs. 4A and 4B depict an 1llustrative configuration of a sensor assembly
400, which resembles sensor array 200 1n certain respects, with a single, nonlinear trench 24B
shaped anti-diffusion regions 22. Fig. 4A 1s a top view of the sensor and Fig. 4B 1s a view
along lme A-A’. Figs. 4A and 4B depict wells 10A, 10B, and 10C centered around, and
evenly spaced along, line A-A’. Nonlinear trench 24B 1n Figs. 4A and 5B extends through
the gap between wells 10A and 10B (thereby blocking all of the diffusion paths between
wells 10A and 10B), around well 10B, and then through the gap between wells 10B and 10C
(thereby blocking all of the diffusion paths between wells 10B and 10C). Stated differently,
nonlinear trench 24B takes a serpentine shaped path which intersects both (1) an imaginary
straight line between wells 10A and 10B and (2) an imaginary straight line between wells
10B and 10C. It should be further appreciated that the nonlinear trench can be extended to
intersect imaginary straight lines between additional pairs of wells 10 and 1s not lIimited to an
embodiment of a sensor assembly having three wells 10.

[0046] While the trench 24B 1n Figs. 4A and 4B resembles a sine wave which
oscillates about line A-A’ 1n between the wells 10A, 10B, and 10C, a single nonlinear trench
24B can be virtually any shape. For example, a nonlinear trench 24B can resemble periodic
or non-periodic waveforms—such as, but not limited to, a square wave, triangle wave, saw
tooth wave. Thus a single nonlinear trench 24B can extend between multiple pairs of wells to
obstruct multiple diffusion paths 14.

[0047] Figs. 5A and 5B depict a top view and a side view along line A-A" of
1llustrative sensor array 300—which resembles sensor array 200 1n certain respects, with
multiple nonlinear trench 24C shaped anti-diffusion regions 22. Fig. 5A 1s a top view of the

sensor and Fig. 5B 1s a view along line A-A’. Figs. SA and 5B depict wells 10A, 10B, and
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10C centered around, and evenly spaced along, line A-A’. Nonlinear trenches 24C in Figs.
5A and 5B completely surround respective wells 10 (thereby blocking all of the diffusion
paths between, for example, wells 10A and 10B). While trenches 24C are depicted as being
circular, 1t should be appreciated that they can be any regular shape (such as a triangle, an
oval, or an octagon) or any 1rregular shape. It should also be appreciated that not every well
10 needs to be surrounded by a trench 24C. For example, in Fig. 5A, well 10B does not need
to be surrounded by a trench because both wells 10A and 10C are surrounded, thus
preventing any diffusion paths from escaping.

[0048] Figs. 6A and 6B depict a top view and a side view along line A-A’ of
1llustrative sensor array 600—which resembles sensor array 200 1n certain respects, with
multiple nonlinear trench 24D shaped anti-diffusion regions 22. Fig. 6A 1s a top view of the
sensor and Fig. 6B 1s a view along line A-A’. Figs. 6A and 6B depict wells 10A, 10B, and
10C centered around, and evenly spaced along, line A-A’. Nonlinear trenches 24D 1n Figs.
6A and 6B partially surround respective wells 10 (thereby blocking a large number of
diffusion paths from extending towards other). While trenches 24D are depicted as being
curved, 1t should be appreciated that they can be any regular shape or any 1rregular shape. It
should also be appreciated that not every well 10 needs to be surrounded by a trench 24D.
For example, in Fig. 6A, well 10B does not need to be surrounded by a trench because both
wells 10A and 10C are partially surrounded by a trench 24D which prevents a significant

number diffusion paths from either well 10A or well 10C from reaching well 10B.
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What 1s claimed 1s:

1. A sensor array comprising:

a first planar substrate, the first planar substrate having a first planar surface of the

first planar substrate;

at least two coplanar electrodes disposed on the first planar surface of the first planar

substrate;

a dielectric layer, the dielectric layer having opposed first and second planar surfaces,
the second surface of the dielectric layer being proximate to and coplanar with the first

surface of the first planar substrate, the dielectric layer being comprised of dielectric matenal;

a first reaction well and a second reaction well, the respective first and second
reaction wells being a hole extending between the first surface of the dielectric layer and the
first surface of the first planar substrate, the respective holes being positioned over a
respective coplanar electrode and at least partially filled with at least one membrane
chemistry, the membrane chemistry being in contact with the respective coplanar electrode;

and

at least one anti-diffusion region, the anti-diffusion region extending between the first
surface of the dielectric layer and the first surface of the first planar substrate, the anti-
diffusion region being devoid of the dielectric matenal, the anti-diffusion region being at
least partially disposed 1n between the first reaction well and the second reaction well, the
anti-diffusion region blocking at least one diffusion path extending between the first reaction
well and the second reaction well, the at least one diffusion path being a route along which
diffusible elements of the membrane chemistry of at least one of the first reaction well or the

second reaction well diffuse through the respective dielectric layer.

2. The sensor array of claim 1, further comprising an adhesive layer disposed in between the

first surface of the first planar substrate and the second surface of the dielectric layer.

3. The sensor array of any of claims 1 or 2, wherein the anti-diffusion region extends along a
length, the length extending along at least a first direction, the first direction being
perpendicular to a second direction, the second direction extending between the first and

second surfaces of the dielectric layer.

14



CA 029714772 201'7-06-16

WO 2016/100658 PCT/US2015/066363

4. The sensor array of any of claims 1 to 2, wherein the length of the anti-diffusion region
intersects a first imaginary straight line extending between the first reaction well and the

second reaction well.
5. The sensor array of claim 4, further comprising a third reaction well; and

wherein the length of the anti-diffusion region intersects the first imaginary straight
line and a second 1imaginary straight line extending between the centers of the second reaction

well and the third reaction well.

6. The sensor array of claim 5, wherein the first imaginary line 1s parallel to the second

1maginary line.

7. The sensor array of any of claims 3, wherein anti-diffusion region further extends along a
third direction, the third direction being perpendicular to both the first direction and the

second direction.

8. The sensor array of any of claims 1 to 2 and 5 to 7, wherein the anti-diffusion region
contains a blocking material between the first surface of the dielectric layer and the first
surface of the first planar substrate, the blocking material blocking the at least one diffusion

path.

9. The sensor array of any of claims 1 or 2, wherein the anti-diffusion region contains a cover
adjacent to the first surface of the dielectric layer, the cover blocking the at least one

diffusion path

10. A method of making the test strip as described 1n any one of claams 1 to 2 and 5 to 10.
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