
PROCESS OF MAKING ELECTRODES FOR TEST SENSORS FIELD OF
THE INVENTION [0001] The present invention generally
relates to a process of making electrodes for test
sensors. More specifically, the process is directed to
making electrodes for test sensors, in which the test
sensors are adapted to be used in instruments or
meters that determine the concentration of an analyte
(e.g., glucose) in a fluid. BACKGROUND OF THE
INVENTION [0002] The quantitative determination of
analytes in body fluids is of great importance in the
diagnoses and maintenance of certain physiological
abnormalities. For example, lactate, cholesterol and
bilirubin should be monitored in certain individuals.
In particular, it is important that diabetic
individuals frequently check the glucose level in
their body fluids to regulate the glucose intake in
their diets. The results of such tests can be used to
determine what, if any, insulin or other medication
needs to be administered. In one type of blood-glucose
testing system, sensors are used to test a sample of
blood. [0003] A test sensor contains biosensing or
reagent material that reacts with blood glucose. The
testing end of the sensor is adapted to be placed into
the fluid being tested, for example, blood that has
accumulated on a person's finger after the finger has
been pricked. The fluid is drawn into a capillary
channel that extends in the sensor from the testing
end to the reagent material by capillary action so
that a sufficient amount of fluid to be tested is
drawn into the sensor. The fluid then chemically
reacts with the reagent material in the sensor
resulting in an electrical signal indicative of the
glucose level in the fluid being tested. This signal
is supplied to the meter via contact areas located
near the rear or contact end of the sensor and becomes
the measured output. [0004] One method of currently
forming electrodes and leads on a test sensor is by
laminating a substrate with a metal foil followed by a
subtractive cutting/ablation process to define the
electrodes and leads. Another method currently being
used includes sputtering a metal onto the substrate
and subsequently removing the metal by a subtractive
cutting/ablation process to define the electrodes and
leads. These existing processes tend to be more costly
than necessary because a portion of the metallic
material is removed fromthe substrate and, thus, is
not present in finalized test sensor. Additionally,
these existing 



metallic deposition processes themselves can be
costly. [0005] It would be desirable to provide a
method for forming the electrodes and leads on the
test sensor that is more cost-effective than existing
processes. SUMMARY OF THE INVENTION [0006] According
to one method, a plurality of electrodes is formed on
a test sensor. The test sensor assists in determining
the concentration of an analyte. A substrate is
provided. At least one aperture is formed through the
substrate. Catalytic ink or catalytic polymeric
solution is applied in a pattern on two sides of the
substrate. The catalytic ink or catalytic polymeric
solution assists in defining the plurality of
electrodes on the test sensor. After applying the
catalytic ink or catalytic polymeric solution, the
substrate is electrolessly plated to form the
plurality of the electrodes of the substrate. The
plurality of electrodes assists in determining the
concentration of the analyte. [0007] According to
another method, a plurality of electrodes is formed on
a test sensor. The test sensor assists in determining
the concentration of an analyte. A substrate is
provided. A plurality of apertures is formed through
the substrate. Catalytic ink or catalytic polymeric
solution is applied in a pattern on two sides of the
substrate. The catalytic ink or catalytic polymeric
solution assists in defining the plurality of
electrodes on the test sensor. After applying the
catalytic ink or catalytic polymeric solution, the
substrate is electrolessly plated with a conductive
metal to form the plurality of the electrodes of the
substrate. The plurality of electrodes assists in
determining the concentration of the analyte. An
enzyme is applied to the substrate. BRIEF DESCRIPTION
OF THE DRAWINGS [0008] FIG. 1 is a top perspective
view of a sensing instrument or meter according to one
embodiment. [0009] FIG. 2 is a top perspective view of
the interior of the sensing instrument of FIG. 1.
[0010] FIG. 3 is a sensor package according to one
embodiment for use with the sensing instrument of
FIGs. 1 and 2.[0011] FIG. 4 is a side view of a
cartridge containing a plurality of test sensors
according to one embodiment. 



[0012] FIG. 5a is a top view of a substrate with a
plurality of apertures formed therein according to one
embodiment. [0013] FIG. 5b is a bottom view of the
substrate of FIG. 5a [0014] FIG. 6a is the top view of
the substrate of FIG. 5a with a catalytic ink or
catalytic polymeric solution applied thereto according
to one embodiment. [0015] FIG. 6b is the bottom view
of the substrate of FIG. 5b with a catalytic ink or
catalytic polymeric solution applied thereto according
to one embodiment. [0016] FIG. 6c is an enlarged
cross-sectional side view generally taken along line
6c-6c in FIG. 6a. [0017] FIG. 7a is the top view of
the substrate of FIG. 6a with a plurality of
electrodes formed thereon according to one embodiment.
[0018] FIG. 7b is the bottom view of FIG. 6a with an
electrical connection formed thereon according to one
embodiment. [0019] FIG. 7c is an enlarged
cross-sectional side view generally taken along line
7c-7c in FIG. 7a. [0020] FIG. 8 is a top view of the
substrate of FIG. 7a with a reagent applied thereto
according to one embodiment. [0021] FIG. 9a is a top
view of the substrate of FIG. 8 with a lid attached
thereto according to one embodiment. [0022] FIG. 9b is
a cross-sectional view taken generally along line
9b-9b of FIG. 9a. [0023] FIG. 9c is a cross-sectional
view taken generally along line 9c-9c of FIG. 9a.
[0024] FIG. 10a is a top view of the substrate of FIG.
8 with a spacer and a lid attached thereto according
to one embodiment. [0025] FIG. 10b is a
cross-sectional view taken generally along line
lOb-lOb of FIG. 10a. [0026] FIG. 10c is a
cross-sectional view taken generally along line
1Oc-IOc of FIG. 10a.[0027] FIG. 11a is a top view of
the substrate with a plurality of electrodes 



formed thereon according to one embodiment. [0028]
FIG. 1Ib is a bottom view of the substrate of FIG. 11a
with an electrical connection formed thereon according
to one embodiment. DETAILED DESCRIPTION OF ILLUSTRATED
EMBODIMENTS [0029] The present invention is directed
to a method of forming a test sensor. The test sensors
to be formed by the method are adapted to be used in,
for example, an instrument or meter 10 such as shown
in FIGs. 1-3. In FIG. 2, the inside of the instrument
10 is shown in the absence of a sensor package. One
example of a sensor package (sensor package 12) is
separately illustrated in FIG. 3. Referring back to
FIG. 2, a base member 14 of the instrument 10 supports
an auto-calibration plate 16 and a predetermined
number of auto-calibration pins 18 that are connected
for engagement with the sensor package 12. [0030] The
sensor package 12 of FIG. 3 includes an
auto-calibration circuit or label 20, a plurality of
test sensors 22, and a sensor-package base 26. The
plurality of test sensors 22 is used to assist in
determining concentrations of analytes. Analytes that
may be measured include glucose, lipid profiles (e.g.,
cholesterol, triglycerides, LDL and HDL),
microalbumin, hemoglobin Aic, fructose, lactate, or
bilirubin. It-is contemplated that other analyte
concentrations may be determined. The analytes may be
in, for example, a whole blood sample, a blood serum
sample, a blood plasma sample, other body fluids like
ISF (interstitial fluid) and urine, and non-body
fluids. As used within this application, the term
"concentration" refers to an analyte concentration,
activity (e.g., enzymes and electrolytes), titers
(e.g., antibodies), or any other measure concentration
used to measure the desired analyte. [0031] In one
embodiment, the plurality of test sensors 22 includes
an appropriately selected enzyme to react with the
desired analyte or analytes to be tested. An enzyme
that may be used to react with glucose is glucose
oxidase. It is contemplated that other enzymes may be
used such as glucose dehydrogenase. It is contemplated
that other test sensors may be used. [0032] Referring
still to FIG. 3, the plurality of test sensors 22 is
stored in individual cavities or blisters 24 and read
by associated sensor electronic circuitry before 



one of the plurality of test sensors 22 is used. In
this embodiment, each sensor cavity 24accommodates one
of the plurality of test sensors 22. It is
contemplated, however, that the sensor package may be
of different shapes then the generally circular shape
depicted in FIG. 3. For example, the sensor package
may be a square, rectangle, other polygonal shapes, or
non-polygonal shapes including oval. [0033] The
plurality of test sensors may be stored in, for
example, a cartridge such as shown in FIG. 4. FIG. 4
depicts a cartridge 50 that includes a plurality of
test sensors 52 that is. adapted to be removed one at
a time. The cartridge 50 is adapted to be used with an
instrument or meter. It is contemplated that the
plurality of test sensors may be stored in other
cartridges that are adapted to be used with an
instrument or meter. It is contemplated that the
plurality of test sensors may be stored in a cartridge
in which the user manually removes the plurality of
test sensors one at a time. [0034] The present
invention is directed to the formation of the test
sensors. According to one method, a substrate is
provided. The substrate forms at least one aperture
therethrough. An electroless plating catalyst solution
is applied in a pattern on two sides of the substrate.
The electroless plating catalyst solution assists in
defining the plurality of electrodes and leads on the
test sensor. After applying the electroless plating
catalyst solution, the substrate is electrolessly
plated by an autocatalytic or immersion plating
process to form the plurality of the electrodes and
leads on the substrate. The plurality of electrodes
and leads assist in determining the concentration of
the analyte. [0035] The inventive process for forming
the test sensors is a process that allows production
of the finished plurality of electrodes in a single
pass. The single pass avoids between-pass tolerances
and associated increase in size and sample volume that
happens with multi-pass screen-printing processes.
This process thus minimizes registration errors that
can occur. The present process is desirably a
single-pass process that minimizes any registration
errors between a lid and base. [0036] The substrate to
be used in the process of forming the test sensors
with the plurality of electrodes and leads may be
comprised from a variety of materials. The substrate
is typically made of insulated material. For example,
the substrate may be formed from a polymeric material.
Non-limiting examples of polymeric materials that may
be 



used in forming the substrate include polyethylene,
polypropylene, oriented polypropylene (OPP), cast
polypropylene (CPP), polyethylene terephthlate (PET),
polyether ether ketone (PEEK), polyether sulphone
(PES), polycarbonate, or combinations thereof.[0037]
The substrate includes at least one aperture formed
therethrough. It is desirable for the substrate to
form a plurality of apertures, which in one embodiment
may be referred to as via apertures. One non-limiting
example of a substrate is shown in FIGs. 5a, 5b. FIGs.
5a, 5b depict a . substrate 100 with a plurality of
apertures 102a-d formed therein. The diameter of the
apertures 102a-d is generally from about 5 to about 30
mils. The periphery of the substrate 100 is roughly
rectangular in shape it is contemplated that the
substrate maybe of other sizes and shapes. [0038] The
plurality of apertures may also be of different shapes
and sizes than the generally circular shaped plurality
of apertures 102a-d of FIGs. 5a, 5b such as polygonal
shapes (e.g., square, rectangle) or non-polygonal
shapes (e.g., oval). . The plurality of apertures
102a-d may be formed by a variety of methods including
cutting or punching. One method of cutting to form the
plurality of apertures 102a-d is by using a laser. As
discussed below, the plurality of apertures 102a-d is
adapted to connect one of the electrodes with its
respective its electrical connection using the two
sides 104, 106 of the substrate 100. [0039] Referring
to FIGs. 6a, 6b, the substrate 100 includes a
catalytic ink or catalytic polymeric solution 110, 112
thereto. The catalytic ink or catalytic polymeric
solution 1lOa-c is applied to the first side 104 of
the substrate 100 while the catalytic ink or catalytic
polymeric solution 112 is applied to the second
opposing side 106 of the substrate 100. When the
catalytic ink or catalytic polymeric solution 110, 112
is applied to the substrate 100, some of the ink or
solution 110, 112 is applied onto the inside surfaces
forming the plurality of apertures 102a-d. An
illustration of the catalytic ink or catalytic
polymeric solution 110, 112 applied to the surface
adjacent to and forming the aperture 102d is shown in
FIG. 6c. [0040] The catalytic ink or catalytic
polymeric solution llOa-c is applied in a desired
pattern that will eventually form the plurality of
electrodes and leads. Specifically, in FIGs. 6a, 6b,
the catalytic ink or catalytic polymeric solution
110a-c, 112 is printed in 



the shape of a plurality of electrodes (e.g., the
working electrode and counter electrode) and their
electrical connections or leads. It is contemplated
that the catalytic ink or catalytic polymeric solution
may be applied in other patterns than depicted in
FIGs. 6a, 6b. [0041] In one embodiment, the catalytic
ink or catalytic polymeric solution 110, 112 applied
to the substrate 100 is an ink-jet printable catalytic
polymeric solution. Thecatalytic ink or catalytic
polymeric solution adapted to be electrolessly plated
may be applied to the substrate by a variety of
methods such as screen printing, gravure printing, and
ink-jet printing. The catalytic ink or catalytic
polymeric solution includes a thermoset or
thermoplastic polymer to allow the production of a
catalytic film adhered to the substrate. This film is
now capable of being electrolessly plated. [0042]
According to one method, after the catalytic ink or
catalytic polymeric solution is applied, it is dried
or cured. One example of a drying or curing process
that may be used is curing by ultraviolet light. The
drying process may include drying or curing by
applying thermal heat. The catalytic ink or catalytic
polymeric solution has catalytic properties to allow
electroless plating. [0043] After the catalytic ink or
catalytic polymeric solution has been applied to the
substrate and dried in the process, the substrate is
electrolessly plated. Electroless plating uses a redox
reaction to deposit conductive metal on the substrate
without using an electric current. The conductive
metal is generally placed on the predefined pattern of
the resulting catalytic film that has been applied to
the substrate. Thus, the conductive metal is deposited
over the dried or cured catalytic film that includes
the electroless plating catalyst. [0044] As shown in
FIG. 7a, the conductive metal defines the plurality of
electrodes 140a, 140b and its respective leads 140c,
140d. The conductive metal also forms the electrical
connection 142 between the electrode 140b and its lead
14Od. In this embodiment, the electrode 140b is a
working electrode and the lead 14Od is a working
electrode lead. By applying the conductive metal to
both sides of the substrate 100 assists in solving the
problem of how to precisely define the area of the
working electrode with a minimum of printing and
handling. This embodiment is also advantageous in that
additional space is saved on the first side 104 of the
substrate 100 because of the electrical connection 142
being located on the second side 106 of the substrate
100. This additional 



space may be used to form additional electrodes such
as, for example, electrodes adapted to detect
underfill or interferants. [0045] The conductive metal
located in the plurality of apertures 102a-d
establishes the electrical connection between the
working electrode 140b and its lead 14Od. It is
desirable to have a substrate that forms a plurality
of apertures in case one of the apertures does not
establish an electrical connection.[0046] Non-limiting
examples of conductive metals that may be used in
electroless plating include copper, nickel, gold,
silver, platinum, palladium, rhodium, cobalt, tin,
combinations or alloys thereof. For example, a
palladium/nickel combination may be used as the
conductive metal or a cobalt alloy may be used as the
conductive metal. It is contemplated that other
metallic materials and alloys of the same may be used
in the electroless plating process. It is contemplated
that the test sensor may be made from a combination of
metals such that a less expensive layer (e.g., nickel
or copper) may be plated first and then an enzyme
catalyzible metal (e.g., gold, platinum, palladium or
rhodium) may be added later. The thickness of the
conductive metallic material may vary, but generally
is from about 1 to about 100 m inches and, more
typically, from about 5 to about 50 m inches. [0047]
The electroless plating process typically involved
reducing a complex metal in an aqueous solution. The
substrate may be electrolessly plated by an
autocatalytic or immersion plating process. The
aqueous solution typically includes a mild or strong
reducing agent that varies by the metal or the bath.
One reducing agent that may be used in electroless
plating is sodium hypophosphite (NaH2PO ) - It is
contemplated that other reducing agents may be used in
electroless plating. The aqueous solution may be
located in a container, which is referred to as an
electroless plating bath. Thus, in one process, the
substrate 100 proceeds through an electroless plating
bath containing the conductive metal that forms the
plurality of electrodes and leads. [0048] The
substrate is removed from the bath and is dried to
form the plurality of electrodes, leads and electrical
connections. Specifically, the conductive metal
located in the plurality of apertures establishes the
electrical connection between the sides of the
substrate. This is illustrated, for example, in FIG. I
c where a plating layer (which forms 



the lead 14Od and the electrical connection 142) is
formed on the catalytic ink or catalytic polymeric
solution 110c, 112 and also extends into the aperture.
The plating layer may substantially fill the aperture
such as shown in FIG. 7c. The plating layer needs to
be in a sufficient quantity and properly located in
the aperture so as to establish an electrical
connection between the sides 104, 106 of the substrate
100. [0049] The electrodes, leads and electrical
connections are dried and then a reagent layer is
applied. For example, as shown in FIG. 8, a test
sensor 190 includes the substrate 100 and an area 160
that includes an enzyme to assist in determining the
analyteconcentration of the fluid sample.
Specifically, a fluid sample contacts the area 160
with the enzyme. The area 160 may include other
materials to assist in determining the analyte
concentration of the fluid sample. [0050] Referring to
FIG. 9a, a test sensor 200 that assists in determining
the analyte according to one embodiment is depicted.
The test sensor 200 is the same as the test sensor 190
of FIG. 8, but with a lid 180 being added that is
attached to the substrate 100. The substrate 100 and
the lid 180 may be attached by a variety of methods
include heat-sealing and by using an adhesive. FIGs.
9b, 9c depict various cross-sectional views of the
test sensor 200. FIG. 9c includes a space 182 formed
between the lid 180 and substrate 100 with the
electrode 140b and the reagent layer 160. [0051] In
another embodiment, a spacer and lid are added to the
substrate to form a test sensor. Referring to FIGs.
10a, 10b, a test sensor 300 is the same as the test
sensor 190 of FIG. 8, but with a spacer 310 and the
lid 180 being added. The spacer 310 and the lid 180
may be added together or separately to the substrate
100. FIGs. 10b, 10c depict various cross-sectional
views of the test sensor 300. FIG. 10c includes a
space 282 formed between the lid 180, substrate 100
and located between the spacer 310. [0052] It is also
contemplated in another embodiment that the electrode
lead of one of the electrodes may be entirely located
on a first side of the substrate while the electrode
lead of another electrode may be entirely located on a
second side of the substrate. For example, referring
to FIGs. 11a, l ib, a substrate 400 is depicted. The
substrate 400 includes an electrode lead 440c and an
electrode lead 440d, which are located on opposing
sides of the substrate 400. In this embodiment, the
substrate 400 includes a 



plurality of electrodes 440a, 440b and an electrical
connection is established via the apertures 402a, 402b
formed in the substrate 400. In one embodiment, the
electrode 440a is a counter electrode and the
electrode 440b is a working electrode. In this
embodiment, the electrode 440b is electrically
connected to its lead 440d via the apertures 402a,
402b. PROCESS A [0053] A method of forming a plurality
of electrodes on a test sensor, the test sensor
assisting in determining the concentration of an
analyte, the method comprising the acts of: providing
a substrate; forming at least one aperture through the
substrate;applying a catalytic ink or catalytic
polymeric solution in a pattern on two sides of the
substrate, the catalytic ink or catalytic polymeric
solution assisting in defining the plurality of
electrodes on the test sensor; and after applying the
catalytic ink or catalytic polymeric solution,
electroless plating of the substrate to form the
plurality of the electrodes of the substrate, the
plurality of electrodes assisting in determining the
concentration of the analyte. PROCESS B [0054J The
method of process A wherein the substrate is a
polymeric material. PROCESS C [0055] The method of
process B wherein the polymeric material includes
polyethylene, polypropylene, oriented polypropylene
(OPP), cast polypropylene (CPP), polyethylene
terephthlate (PET), polyether ether ketone (PEEK),
polyether sulphone (PES), polycarbonate, or
combinations thereof. PROCESS D [00561 The method of
process A wherein the electroless plating uses a
conductive metal being copper, nickel, gold, silver,
platinum, palladium, rhodium, cobalt, tin,
combinations or alloys thereof. PROCESS E [0057] The
method of process D wherein the thickness of the
conductive metallic material is from about 1 to about
100 m inches. 



PROCESS F [0058] The method of process E wherein the
thickness of the conductive metallic material is from
5 to about 50 m inches. PROCESS G [0059] The method of
process A wherein the catalytic ink or catalytic
polymeric solution is applied onto the substrate by
ink-jet printing. PROCESS H [0060] The method of
process A wherein the catalytic ink or catalytic
polymeric solution is applied onto the substrate by
screen printing. PROCESS I [0061] The method of
process A wherein the catalytic ink or catalytic
polymeric solution is applied onto the substrate by
gravure printing.PROCESS J [0062] The method of
process A further including drying or curing the
catalytic ink or catalytic polymeric solution. PROCESS
K [00631 The method of process A wherein the at least
one aperture is a plurality of apertures. PROCESS L
[0064] The method of process K wherein the plurality
of apertures is formed by a laser prior to defining
the plurality of electrodes on the substrate. PROCESSM
[0065} The method of process K wherein the plurality
of apertures is formed by punching prior to defining
the plurality of electrodes on the substrate. PROCESS
N [0066] The method of process A further including the
act of attaching a lid to the substrate. PROCESS O
[0067] The method of process A further including the
acts of providing a lid, attaching a spacer to the
substrate, the spacer being located between the lid
and the 



substrate. PROCESS P [0068] The method of process A
further applying an enzyme to the substrate. PROCESS O
[0069] The method of process P wherein the enzyme is
glucose oxidase or glucose dehydrogenase. PROCESS R
[0070] A method of forming a plurality of electrodes
on a test sensor, the test sensor assisting in
determining the concentration of an analyte, the
method comprising the acts of: providing a substrate;
forming a plurality of apertures through the
substrate;applying a catalytic ink or catalytic
polymeric solution in a pattern on two sides of the
substrate, the catalytic ink or catalytic polymeric
solution assisting in defining the plurality of
electrodes on the test sensor; after applying the
catalytic ink or catalytic polymeric solution,
electroless plating of the substrate with a conductive
metal to form the plurality of the electrodes of the
substrate, the plurality of electrodes assisting in
determining the concentration of the analyte; and
further applying an enzyme to the substrate. PROCESS S
[0071J The method of process R wherein the substrate
is a polymeric material. PROCESS T [0072] The method
of process R wherein the electroless plating uses a
conductive metal being copper, nickel, gold, silver,
platinum, palladium, rhodium, cobalt, tin,
combinations or alloys thereof. PROCESSU [0073] The
method of process R wherein the catalytic ink or
catalytic polymeric solution is applied onto the
substrate by screen printing. PROCESSV [0074] The
method of process R wherein the catalytic ink or
catalytic polymeric 



solution is applied onto the substrate by gravure
printing. PROCESSW [0075] The method of process R
wherein the catalytic ink or catalytic polymeric
solution is applied onto the substrate by ink-jet
printing. PROCESSX [0076] The method of process R
wherein the at least one aperture is a plurality of
apertures. PROCESSY [0077] The method of process X
wherein the plurality of apertures is formed by a
laser prior to defining the plurality of electrodes on
the substrate. PROCESS Z [0078] The method of process
X wherein the plurality of apertures is formed by
punching prior to defining the plurality of electrodes
on the substrate.PROCESSAA [0079] The method of
process R further including drying or curing the
catalytic ink or catalytic polymeric solution. PROCESS
BB [0080] The method of process R further including
the act of attaching a Hd to the substrate. PROCESS CC
[0081] The method of process R further including the
acts of providing a lid, attaching a spacer to the
substrate, the spacer being located between the lid
and the substrate. PROCESSDD [0082] The method of
process R wherein the enzyme is glucose oxidase or
glucose dehydrogenase. [0083] While the present
invention has been described with reference to one or
more particular embodiments, those skilled in the art
will recognize that many changes may be made thereto
without departing from the spirit and scope of the
present invention. Each of these embodiments, and
obvious variations thereof, is contemplated as falling
within the 



spirit and scope of the invention as defined by the
appended claims.CLAIMS; 1. A method of forming a
plurality of electrodes on a test sensor, the test
sensor assisting in determining the concentration of
an analyte, the method comprising the acts of:
providing a substrate; forming at least one aperture
through the substrate; applying a catalytic ink or
catalytic polymeric solution in a pattern on two sides
of the substrate, the catalytic ink or catalytic
polymeric solution assisting in defining the plurality
of electrodes on the test sensor; and after applying
the catalytic ink or catalytic polymeric solution,
electroless plating of the substrate to form the
plurality of the electrodes of the substrate, the
plurality of electrodes assisting in determining the
concentration of the analyte. 2. The method of claim
1, wherein the substrate is a polymeric material. 3.
The method of claim 2, wherein the polymeric material
includes polyethylene, polypropylene, oriented
polypropylene (OPP), cast polypropylene (CPP),
polyethylene terephthlate (PET), polyether ether
ketone (PEEK), polyether sulphone (PES),
polycarbonate, or combinations thereof. 4. The method
of claim 1, wherein the electroless plating uses a
conductive metal being copper, nickel, gold, silver,
platinum, palladium, rhodium, cobalt, tin,
combinations or alloys thereof. 5. The method of claim
4, wherein the thickness of the conductive metallic
material is from about 1to about 100 m inches. 6. The
method of claim 5, wherein the thickness of the
conductive metallic material is from 5 to about 50 m
inches. 7. The method of claim 1, wherein the
catalytic ink or catalytic polymeric solution is
applied onto the substrate by ink-jet printing. 8. The
method of claim 1, wherein the catalytic ink or
catalytic polymeric solution is applied onto the
substrate by screen printing. 9. The method of claim
1, wherein the catalytic ink or catalytic polymeric 



solution is applied onto the substrate by gravure
printing. 10. The method of claim 1, further including
drying or curing the catalytic ink or catalytic
polymeric solution.11. The method of claim 1, wherein
the at least one aperture is a plurality of apertures.
12. The method of claim 11, wherein the plurality of
apertures is formed by a laser prior to defining the
plurality of electrodes on the substrate. 13. The
method of claim 11, wherein the plurality of apertures
is formed by punching prior to defining the plurality
of electrodes on the substrate. 14. The method of
claim 1 further including the act of attaching a lid
to the substrate. 15. The method of claim 1 further
including the acts of providing a lid, attaching a
spacer to the substrate, the spacer being located
between the lid and the substrate. 16. The method of
claim 1 further applying an enzyme to the substrate.
17. The method of claim 16, wherein the enzyme is
glucose oxidase or glucose dehydrogenase. 18. A method
of forming a plurality of electrodes on a test sensor,
the test sensor assisting in determining the
concentration of an analyte, the method comprising the
acts of: providing a substrate; forming a plurality of
apertures through the substrate; applying a catalytic
ink or catalytic polymeric solution in a pattern on
two sides of the substrate, the catalytic ink or
catalytic polymeric solution assisting in defining the
plurality of electrodes on the test sensor; after
applying the catalytic ink or catalytic polymeric
solution, electroless plating of the substrate with a
conductive metal to form the plurality of the
electrodes of the substrate, the plurality of
electrodes assisting in determining the concentration
of the analyte; and further applying an enzyme to the
substrate. 



19. The method of claim 18 wherein the substrate is a
polymeric material. 20. The method of claim 18,
wherein the electroless plating uses a conductive
metal being copper, nickel, gold, silver, platinum,
palladium, rhodium, cobalt, tin, combinations or
alloys thereof.21. The method of claim 18, wherein the
catalytic ink or catalytic polymeric solution is
applied onto the substrate by screen printing. 22. The
method of claim 18, wherein the catalytic ink or
catalytic polymeric solution is applied onto the
substrate by gravure printing. 23. The method of claim
18, wherein the catalytic ink or catalytic polymeric
solution is applied onto the substrate by ink-jet
printing. 24. The method of claim 18, wherein the at
least one aperture is a plurality of apertures. 25.
The method of claim 24, wherein the plurality of
apertures is formed by a laser prior to defining the
plurality of electrodes on the substrate. 26. The
method of claim 24, wherein the plurality of apertures
is formed by punching prior to defining the plurality
of electrodes on the substrate. 27. The method of
claim 18 further including drying or curing the
catalytic ink or catalytic polymeric solution. 28. The
method of claim 18 further including the act of
attaching a lid to the substrate. 29. The method of
claim 18 further including the acts of providing a
lid, attaching a spacer to the substrate, the spacer
being located between the lid and the substrate. 30.
The method of claim 18, wherein the enzyme is glucose
oxidase or glucose dehydrogenase. 


