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DIAGNOSTIC STRIP CODING SYSTEM AND
RELATED METHODS OF USE

DESCRIPTION OF THE INVENTION

This application claims priority to U.S. Patent Application No. 11/181,778,
filed on July 15, 2005.

Field of the Invention

[001] The present invention relates to electrochemical sensors and, more
particularly, to systems and methods for electrochemically sensing a particular

constituent within a fluid through the use of diagnostic test strips.

Backaground of the Invention

[002] Many industries have a commercial need to monitor the
concentration of particular constituents in a fluid. The oil refining industry,
wineries, and the diary industry are examples of industries where fluid testing is
routine. In the health care field, people such as diabetics, for example, have a
need to monitor a particular constituent within their bodily fluids. A number of
systems are available that allow people to test a body fluid, such as, blood, urine,
or saliva, to conveniently monitor the level of a particular fluid constituent, such as,
for example, cholesterol, proteins, and glucose. Patients suffering from diabetes,
a disorder of the pancreas where insulfficient insulin production prevents the
proper digestion of sugar, have a need to carefully monitor their blood glucose
levels on a daily basis. A number of systems that allow people to conveniently
monitor their blood glucose levels are available. Such systems typically include a
test strip where the user applies a blood sample and a meter that "reads" the test
strip to determine the glucose level in the blood sample.

[003] Among the various technologies available for measuring blood
glucose levels, electrochemical technologies are particularly desirable because
only a very small blood sample may be needed to perform the measurement. In
amperometric electrochemical-based systems, the test strip typically includes a

sample chamber that contains reagents, such as glucose oxidase and a mediator,
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and electrodes. When the user applies a blood sample to the sample chamber,
the reagents react with the glucose, and the meter applies a voltage to the
electrodes to cause a redox reaction. The meter measures the resulting current
and calculates the glucose level based on the current. Other systems based on
coulometry or voltametry are also known.

[004] Because the test strip includes a biological reagent, every strip
manufactured is not reproducible with the exact same sensitivity. Therefore, test
strips are manufactured in distinct lots and data particular to that lot is often used
as a signal by the meter’s microprocessor to assist in accurately performing the
meter calculation. The data is used to help accurately correlate the measured
current with the actual glucose concentration. For example, the data could
represent a numeric code that “signals” the meter's microprocessor to access and
utilize a specific set of stored calibration values from an on-board memory device
during calculation.

[005] In past systems, the code particular to a specific lot of strips has
been input into the meter manually by the user, or connected through some type
of memory device (such as a ROM chip) packaged along with test strips from a
single manufacturing lot. This step of manual input, or connection by the user,
adds to the risk of improperly inputting the wrong code data. Such errors can lead
to inaccurate measurements and an improper recording of the patient’s history.
Past systems have also included bar-code readable information incorporated onto
individual strips. Individually imprinting a particular bar-code on each strip adds
significant manufacturing costs to the strip production and requires the additional
expense of a bar-code reader incorporated within the meter in order to obtain the
information.

[006] It should be emphasized that accurate measurements of
concentration levels in a body fluid, such as blood, may be critical to the long-term
health of many users. As a result, there is a need for a high level of reliability in
the meters and test strips used to measure concentration levels in fluids. Thus, it
is desirable to have a cost effective auto-calibration system for diagnostic test
strips that more reliably and more accurately provides a signaling code for

individual test strips.
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SUMMARY OF THE INVENTION

[007] Embodiments of the present invention are directed to a diagnostic
test strip, a method of determining a constituent level within a fluid, and a method
of making a plurality of test strips that obviate one or more of the limitations and
disadvantages of prior devices and methods.

[008] One embodiment of the invention is directed to a diagnostic test strip
comprising at least one electrically insulating layer and a conductive pattern
formed on the at least one insulating layer. The conductive pattern includes at
least one electrode disposed on the at least one insulating layer at a proximal
region of the strip, electrical sirip contacts disposed on at least one insulating
layer at a distal region of the strip, and conductive traces electrically connecting
the electrodes to at least some of the electrical sirip contacts. A reagent layer
contacts at least a portion of at least one electrode and at least one discrete
portion of electrical insulating material is disposed over at least one of the
electrical strip contacts to at least partially form a distinct pattern readable to
identify data particular to the test strip.

[009] In various embodiments, the strip can include one or more of the
following additional features: wherein each of the at least one electrodes is
individually connected to one contact in a first plurality of electrical strip contacts;
wherein the conductive pattern at the distal region of the strip includes a second
plurality of electrical strip contacts; wherein the first and second plurality of
electrical strip contacts are positioned to form distinct groups of electrical contacts,
the groups being spaced from one another; wherein the second plurality of
electrical strip contacts form a discrete set of contacting pads; wherein the distinct
pattern is configured by covering certain contacting pads with the electrical
insulating material; wherein the insulating material comprises a non-conductive
insulating ink; wherein an electrically insulating region separates the first and
second plurality of electrical strip contacts; wherein the contacting pads are
configured for contact, when inserted into a compatible meter, with a plurality of
contacts in a corresponding connector of the meter; further comprising a
grounding contacting pad configured to establish a common connection to

electrical ground; wherein said grounding contacting pad is positioned on the strip
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proximally relative to the remaining contacting pads through a non-conductive
notch portion at a distal region of the strip; wherein an additional conductive
pattern is formed on the insulating layer on a side opposite from that including the
first and second plurality of electrical strip contacts, the additional conductive
pattern comprising a third plurality of electrical strip contacts and at least one
discrete portion of electrical insulating material disposed over at least one of the
third plurality of electrical strip contacts to form a distinct pattern readable to
further identify data particular to the test strip; wherein the first and second
plurality of electrical strip contacts are positioned to form first and second distinct
rows of contacts; wherein the first and second rows of contacts are laterally
staggered relative to each other; and wherein a resistive element is disposed over
at least one of the electrical strip contacts to at form part of the distinct pattern
readable to identify data particular to the test strip.

[010] Another embodiment of the invention is directed to a method of
determining a constituent level within a fluid, comprising providing a diagnostic
test device comprising at least one electrically insulating layer and a conductive
pattern formed on the at least one insulating layer. The conductive pattern
includes at least one electrode disposed on the at least one insulating layer at a
proximal region of the strip, electrical strip contacts disposed on at least one
insulating layer at a distal region of the strip, and conductive traces electrically
connecting the electrodes to at least some of the electrical strip contacts. A
reagent layer contacts at least a portion of at least one electrode and at least one
discrete portion of electrical insulating material is disposed over at least one of the
electrical strip contacts to at least partially form a distinct pattern readable to
identify data particular to the test strip. The method further comprises connecting
the distal region of the strip to a constituent level meter such that the electrical
strip contacts engage with corresponding meter connector contacts, applying a
fluid sample at the reagent layer, taking a measurement using the plurality of
electrodes, identifying particular data based on the distinct pattern formed at least
in part by the electrical insulating material disposed over at least one of the
electrical strip contacts, and calculating the fluid constituent concentration based

on the value of measured current and the identified data.
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[011] In various embodiments, the method may include one or more of the
following additional features: wherein each of the plurality of electrodes are
individually connected to one contact in a first plurality of electrical strip contacts;
wherein the conductive pattern at a distal region of the strip includes a second
plurality of electrical strip contacts individually electrically isolated to form a
discrete set of contacting pads; wherein identifying particular data includes
reading the distinct pattern through an analog method; wherein identifying
particular data includes reading the distinct pattern through a digital method;
wherein providing a diagnostic test device further comprises covering certain
contacting pads with the electrical insulating material such that a high impedance
path is created and identifying particular data further includes, connecting a preset
resistive ladder to a predetermined number of meter connector contacts such that
a particular resulting voltage drop, resistance, or current measurement, in a circuit
completed through the connection of the contacting pads and corresponding
meter connector contacts, signals the meter to access distinct calibration
information; wherein identifying particular data includes, reading a meter
connection between each contacting pad and a corresponding connector contact
as either high impedance or low impedance and assigning a digital value to the
connection in a circuit completed through the connection of the contacting pads
and corresponding meter connector contacts such that the resulting digital value
signals the meter to access distinct calibration information; wherein the number of
code variations is determined by the expression N = 2P, where P is equal to the
number of contacting pads; wherein the meter includes an auto-on/wake-up
feature provided by a conductive contacting pad and the number of code
variations is determined by the expression N = 2P-1, where P is equal to the
number of contacting pads; and further comprising providing a resistive element
over at least one of the electrical strip contacts to form part of the distinct pattern
and wherein identifying particular calibration data includes, reading a meter
connection between the resistive element and a corresponding connector contact
and alerting the meter to access an additional set of data relating to the particular
test strip.

[012] Another embodiment of the invention is directed to a method of
making a plurality of test strips comprising forming a plurality of test strip

-5-
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structures on one sheet where each of the test strip structures includes a sample
chamber, an electrically insulating layer, a conductive pattern including a plurality
of electrodes formed on said sheet, and a plurality of electrical strip contacts,
formed on said sheet, a portion of which are electrically connected to said plurality
of electrodes. The test strip structures further include a set of electrical strip
contacts individually electrically isolated to form a discrete set of contacting pads
formed on said sheet and electrically isolated from said plurality of electrodes and
at least one discrete portion of electrical insulating material disposed over at least
one of the contacting pads to at least partially form a distinct pattern readable to
identify data particular to the test strip. The method is completed by separating
the test strip structures into a plurality of test strips.

[013] In various embodiments, the method can include the following
additional feature of forming at least one contacting pad to include an auto-on
electrical contact.

[014] Another embodiment of the invention is directed to a diagnostic test
strip comprising at least one electrically insulating layer, a conductive pattern
formed on the at least one insulating layer, the conductive pattern including at
least one electrode disposed on the at least one insulating layer at a proximal
region of the strip, electrical strip contacts disposed on at least one insulating
layer at a distal region of the strip, and conductive traces electrically connecting
the electrodes to at least some of the electrical strip contacts. A reagent layer
contacts at least a portion of at least one electrode and each of the electrical strip
contacts is selectively coverable with a discrete portion of electrical insulating
material to at least partially form a distinct pattern readable to identify data
particular to the test strip.

[015] In various embodiments, the strip can include one or more of the
following additional features: at least one discrete portion of electrical insulating
material disposed over at least one of the electrical strip contacts to at least
partially form a distinct pattern readable to identify data particular to the test strip;
wherein the distinct pattern readable to identify data particular to the test strip
comprises an arrangement where none of the electrical strip contacts are covered
with electrical insulating material; wherein a resistive element is disposed over at

least one of the electrical strip contacts to form part of the distinct pattern readable
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to identify data particular to the test strip; wherein each of the at least one
electrodes is individually connected to one contact in a first plurality of electrical
strip contacts; wherein the conductive pattern at the distal region of the strip
includes a second plurality of electrical strip contacts; wherein the first and second
plurality of electrical strip contacts are positioned to form distinct groups of
electrical contacts, the groups being spaced from one another; wherein the
second plurality of electrical strip contacts form a discrete set of contacting pads;
wherein the insulating material comprises a non-conductive insulating ink; wherein
the contacting pads are configured for contact, when inserted into a compatible
meter, with a plurality of contacts in a corresponding connector of the meter.

[016] Another embodiment of the invention is directed to a diagnostic test
strip comprising at least one electrically insulating layer, a conductive pattern
formed on the at least one insulating layer, the conductive pattern including at
least one elecirode disposed on the at least one insulating layer at a proximal
region of the strip, electrical strip contacts disposed on at [east one insulating
layer at a distal region of the strip, and conductive traces electrically connecting
the electrodes to at least some of the electrical strip contacts. A reagent layer
contacts at least a portion of at least one electrode. The strip further includes a
first plurality of electrical strip contacts comprised of contacts individually
connected to an electrode, a second plurality of electrical strip contacts comprised
of the conductive pattern at the distal region of the strip, and wherein an
electrically insulating material separates the first and second plurality of electrical
strip contacts.

[017] In various embodiments, the strip can include one or more of the
following additional features: wherein each of the electrical strip contacts
comprising the second plurality is selectively coverable with a discrete portion of
electrical insulating material to at least partially form a distinct pattern readable fo
identify data particular to the test strip; at least one discrete portion of electrical
insulating material disposed over at least one of the electrical strip contacts to at
least partially form a distinct pattern readable to identify data particular to the test
strip; wherein the distinct pattern readable to identify data particular to the test
strip comprises an arrangement where none of the electrical strip contacts are

covered with electrical insulating material; wherein a resistive element is disposed
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over at least one of the electrical strip contacts to form part of the distinct pattern
readable to identify data particular to the test strip; wherein the second plurality of
electrical strip contacts form a discrete set of contacting pads; wherein the
insulating material comprises a non-conductive insulating ink; wherein the
contacting pads are configured for contact, when inserted into a compatible meter,
with a plurality of contacts in a corresponding connector of the meter.

[018] Another embodiment of the invention is directed to a method of
making a test strip comprising providing at least one electrically insulating layer,
providing a conductive pattern on the at least one insulating layer, the conductive
pattern including at least one electrode disposed on the at least one insulating
layer at a proximal region of the strip, electrical strip contacts disposed on at least
one insulating layer at a distal region of the strip, and conductive traces electrically
connecting the electrodes to at least some of the electrical strip contacts,
providing a reagent layer contacting at least a portion of at least one electrode,
and selectively covering at least one of the electrical strip contacts with a discrete
portion of electrical insulating material to at least partially form a distinct pattern
readable to identify data particular to the test strip.

[019] In various embodiments, the method can include the following
additional feature of providing a resistive element over at least one of the electrical
strip contacts to form part of the distinct pattern readable to identify data particular
to the test strip.

[020] Additional objects and advantages of the invention will be set forth in
part in the description which follows, and in part will be obvious from the
description, or may be learned by practice of the invention. The objects and
advantages of the invention will be realized and attained by means of the
elements and combinations particularly pointed out in the appended claims.

[021] Itis to be understood that both the foregoing general description and |
the following detailed description are exemplary and explanatory only and are not

restrictive of the invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[022] FIG. 1 is a general cross-sectional view of a test strip according to
an embodiment of the present invention.

-8-



WO 2007/011569 PCT/US2006/026736

[023] FIG. 2 is a top perspective view of a test strip inserted within a meter
strip connector according to an embodiment of the present invention.

[024] FIG. 3 is a general cross-sectional view of a test strip inserted within
a meter strip connector according to an embodiment of the present invention.

[025] FIG. 4Ais a top view of a distal portion of a test strip illustrating
breaks dividing particular regions of the test strip connecting end according to an
embodiment of the present invention.

[026] FIG. 4B is a top view of a distal portion of a test strip illustrating
conductive regions forming electrical contacts according to an embodiment of the
present invention-according to an embodiment of the present invention.

[027] FIG. 4C is a top view of a distal portion of a test strip illustrating a
particular arrangement for a plurality of electrical contacts according to an
embodiment of the present invention.

[028] FIG. 4D is a top view of a distal portion of a test strip illustrating
multiple insulators covering particular regions of the test strip connecting end
according to an embodiment of the present invention.

[029] FIG. 5 is an expanded top view of a distal portion of a test strip
inserted within a meter strip connector according to an embodiment of the present
invention.

[030] FIG. 6 is a top view of a distal portion of a test strip illustrating a
plurality of electrical contacts forming a code according to an embodiment of the
present invention.

[031] FIG. 7 is a simplified schematic diagram of the electrical connections
between a meter and a plurality of electrical contacts of a test strip according to an
embodiment of the invention according to an embodiment of the present invention.

[032] FIG. 8 is an alternative simplified schematic diagram of the electrical
connections between a meter and a plurality of electrical contacts of a test strip

according to an embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

[033] Reference will now be made in detail to the exemplary embodiments

of the invention, examples of which are illustrated in the accompanying drawings.



WO 2007/011569 PCT/US2006/026736
Wherever possible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

[034] According to exemplary embodiments, the invention relates to a
system for measuring a body fiuid constituent includes a test strip and a meter.
An individual test strip may also include an embedded code relating to data
associated with a lot of test strips, or data particular to that individual strip. The
embedded information presents data readable by the meter signaling the meter’s
microprocessor to access and utilize a specific set of stored calibration
parameters particular to test strips from a manufacturing lot to which the individual
strip belongs, or to an individual test strip. The system may also include a check
strip that the user may insert into the meter to check that the instrument is
electrically calibrated and functioning properly. For purposes of this disclosure,
“distal” refers to the portion of a test strip further from the device operator during
normal use and “proximal” refers to the portion closer to the device operator
during normal use.

[035] The test strip may include a sample chamber for receiving a user’s
fluid sample, such as, for example, a blood sample. The sample chamber and
test strip of the present specification can be formed using materials and methods
described in commonly owned U.S. Patent No. 8,743,635, which is hereby
incorporated by reference in its entirety. Accordingly, the sample chamber may
include a first opening in the proximal end of the test strip and a second opening
for venting the sample chamber. The sample chamber may be dimensioned so as
to be able to draw the blood sample in through the first opening, and to hold the
blood sample in the sample chamber, by capillary action. The test strip can
include a tapered section that is narrowest at the proximal end, or can include
other indicia in order to make it easier for the user to locate the first opening and
apply the blood sample.

[036] A working electrode and counter electrode can be disposed in the
sample chamber optionally along with fill-detect electrodes. A reagent layer is
disposed in the sample chamber and preferably contacts at least the working
electrode. The reagent layer may include an enzyme, such as glucose oxidase,
and a mediator, such as potassium ferricyanide or ruthenium hexamine. The test

strip has, near its distal end, a first plurality of electrical strip contacts that are
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electrically connected to the electrodes via conductive traces. In addition, the test
strip may also include a second plurality of electrical strip contacts near the distal
end of the strip. The second plurality of electrical contacts can be arranged such
that they provide, when the strip is inserted into the meter, a distinctly discernable
lot code readable by the meter. As noted above, the readable code can be read
as a signal to access data, such as calibration coefficients, from an on-board
memory unit in the meter related to test strips from that lot, or even information
corresponding to individual test strips.

[037] The meter may be battery powered and may stay in a low-power
sleep mode when not in use in order to save power. When the test strip is
inserted into the meter, the first and second plurality of electrical contacts on the
test strip contact corresponding electrical contacts in the meter. The second
plurality of electrical contacts may bridge a pair of electrical contacts in the meter,
causing a current to flow through the a portion of the second plurality of electrical
contacts. The current flow through the second plurality of electrical contacts
causes the meter to wake up and enter an active mode. The meter also reads the
code information provided by the second plurality and can then identify, for
example, the particular test to be performed, or a confirmation of proper operating
status. In addition, the meter can also identify the inserted strip as either a test
strip or a check strip based on the particular code information. If the meter
detects a check strip, it performs a check strip sequence. If the meter detects a
test strip, it performs a test strip sequence. .

[038] In the test strip sequence, the meter validates the working electrode,
counter electrode, and, if included, the fill-detect electrodes, by confirming that
there are no low-impedance paths between any of these electrodes. If the
electrodes are valid, the meter indicates to the user that sample may be applied to
the test strip. The meter then applies a drop-detect voltage between the working
and counter electrodes and detects a fluid sample, for example, a blood sample,
by detecting a current flow between the working and counter electrodes (i.e., a
current flow through the blood sample as it bridges the working and counter
electrodes). To detect that an adequate sample is present in the sample chamber
and that the blood sample has traversed the reagent layer and mixed with the

chemical constituents in the reagent layer, the meter may apply a fill-detect
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voltage between the fill-detect electrodes and measures any resulting current
flowing between the fill-detect electrodes. If this resulting current reaches a
sufficient level within a predetermined period of time, the meter indicates to the
user that adequate sample is present and has mixed with the reagent layer.

[039] The meter can be programmed to wait for a predetermined period of
time after initially detecting the blood sample, to allow the blood sample to react
with the reagent layer or can immediately begin taking readings in sequence.
During a fluid measurement period, the meter applies an assay voltage between
the working and counter electrodes and takes one or more measurements of the
resulting current flowing between the working and counter electrodes. The assay
voltage is near the redox potential of the chemistry in the reagent layer, and the
resulting current is related to the concentration of the particular constituent
measured, such as, for example, the glucose level in a blood sample.

[040] In one example, the reagent layer may react with glucose in the
blood sample in order to determine the particular glucose concentration. In one
example, glucose oxidase is used in the reagent layer. The recitation of glucose
oxidase is intended as an example only and other materials can be used without
departing from the scope of the invention. Other possible mediators include, but
are not limited to, ruthenium, osmium, and unobtainium. During a sample test, the
glucose oxidase initiates a reaction that oxidizes the glucose to gluconic acid and
reduces the ferricyanide to ferrocyanide. When an appropriate voltage is applied
to a working electrode, relative to a counter electrode, the ferrocyanide is oxidized
to ferricyanide, thereby generating a current that is related to the glucose
concentration in the blood sample. The meter then calculates the glucose level
based on the measured current and on calibration data that the meter has been
signaled to access by the code data read from the second plurality of electrical
contacts associated with the test strip. The meter then displays the calculated
glucose level to the user. Each of the above-described components and their
interconnection will now be described.

[041] FIG. 1 illustrates a general cross-sectional view of an embodiment
of a test strip 10. Test strip 10 includes a proximal connecting end 12, a distal
end 14, and is formed with a base layer 16 extending along the entire length of

test strip 10. Base layer 16 is preferably composed of an electrically insulating
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material and has a thickness sufficient to provide structural support to test strip 10.
For purposes of this application, an insulating material (e.g. an insulating layer,
coating, ink, or substrate etc.) comprises any material in which electrons or ions
cannot be moved easily, hence preventing the flow of electric current.
Accordingly, an element can be said to be insulated when it is separated from
other conducting surfaces by a dielectric substance or air space permanently
offering a high resistance to the passage of current and to disruptive discharge
through the substance or space. By contrast, for purposes of this application, a
resistive element, is one that introduces an increased level of impedance into a
circuit that reduces (but does not necessarily prevent) the flow of electric current.
Base layer 16, for example, may be polyester that is about 0.014 inches think,
although other sizes my be used depending on the particular application and
manufacturing method. Disposed on base layer 16 is a conductive pattern (not
shown).

[042] The conductive pattern includes a plurality of electrodes disposed
on base layer 16 near proximal end 12, a plurality of electrical strip contacts
disposed on base layer 16 near distal end 14, and a plurality of conductive traces
electrically connecting the electrodes to the plurality of electrical strip contacts.
For purposes of this application, the noun “contact” denotes an area intended for
mechanical engagement with another corresponding “contact” irrespective of
whether an electric circuit is completed, or passes through the particular area.

[043] In one embodiment, the plurality of electrodes may include a
working electrode, a counter electrode, and fill-detect electrodes. The conductive
pattern may be applied by applying a conductive material onto base layer 16. The
conductive pattern can be applied to the top side of the strip, the bottom side of
the strip, or a combination of both. The electrode material may be provided by
thin film vacuum sputtering of a conductive material (e.g. Gold) and a
semiconductive material (e.g. Indium Zinc Oxide) onto the base layer 16. The
resulting electrode layer can then by further patterned according to the specific
application by forming particular conductive regions/pathways through a laser
ablation process. Alternative materials and methods for providing a conductive
pattern in addition to screen printing can be employed without departing from the
scope of the invention.
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[044] A dielectric insulating layer 18 can be formed over the conductive
pattern along a portion of the test strip between the measuring electrodes and the
plurality of electrical strip contacts in order to prevent scratching, and other
damage, to the electrical connection. As seen in FIG. 1, the proximal end 12 of
test strip 10 includes a sample receiving location, such as a sample chamber 20
configured to receive a patient’s fluid sample, as described above. The sample
chamber 20 may be formed in part through a slot formed between a cover 22 and
the underlying measuring electrodes formed on the base layer 16. The relative
position of the measuring electrodes and the electrical strip contacts form a
proximal electrode region 24 at one end of strip 10 and a distal strip contact region
26 at the other end.

[045] Referring to FIG. 2, a top perspective view of a test strip 10 inserted
within a meter connector 30 is illustrated. As seen in FIG. 2, the strip 10 includes
a proximal electrode region 24, which contains the sample chamber and
measuring electrodes described above. The proximal electrode region 24 may be
formed to have a particular shape in order to distinguish to the user, the end
receiving a fluid sample from distal strip contact region 26. The meter connector
30 includes channel 32 extending out to a flared opening for receiving the test
strip 10. The connector 30 may further include tangs 36 extending a
predetermined height above the base of channel 32. The predetermined height of
tangs 36 is selected to limit the extent, such as through a corresponding raised
layer of test strip 10, to which a test strip 10 can be inserted into channel 32.

[046] The connector 30 further includes a first plurality of connector
contacts 38, disposed closer to the proximal end of the connector 30, and a
second plurality of connector contacts 40 disposed closer to the distal end of the
connector 30. As illustrated, the test strip 10 is inserted into the flared opening
with the distal strip contact region 26 extending first through the connector
channel 32. With reference to FIG. 3, a general cross-sectional view of a test strip
inserted within a meter strip connector 30 is illustrated. The channel 32 depicts a
proximal row of connectors comprising a first plurality of connector contacts 38. In
addition, the channel 32 houses a distal row of connectors comprising a second

plurality of connector contacts 40. The connector contacts 38 and 40 make
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contact with distinct portions of the distal strip contact region 26, as will be
described more fully below.

[047] FIG. 4A is a top view of a distal portion of a test strip 10 illustrating
the distal strip contact region 26. The conductive pattern formed on base layer 16
extends along strip 10 to include the distal strip contact region 26. As illustrated in
FIG. 4A, distal strip contact region 26 is divided to form two distinct conductive
regions, 42 and 44 respectively. Conductive region 44 is divided into four
columns forming a first plurality of electrical strip contacts, labeled 46, 48, 50, and
52 respectively. The first plurality of electrical strip contacts are electrically
connected to the plurality of measuring electrodes at the distal end of the test strip
10 as explained above. It should be understood that the four contacts 46-52 are
merely exemplary, and the system could include fewer or more electrical strip
contacts corresponding to the number of measuring electrodes included in the
system.

[048] The first plurality of electrical strip contacts 46-52 are divided, for
example, through breaks 54 formed through the underlying conductive pattern in
the test strip 10. These breaks could be formed in the conductive pattern during
printing, through a scribe process, laser ablated, or through a chemical/ photo-
etching type process. In addition, other processes of forming conductive breaks
by removing a conductor in the test strip 10 may be used as would be apparent to
one having ordinary skill in the art. An additional break 54 divides conductive
region 44 from conductive region 42 within distal strip contact region 26, and a
further break 54 separates the upper right-hand portion of distal strip contact
region 26 to form a notch region 56, as will be described more fully in detail below.

[049] FIG. 4B illustrates an additional view of the distal strip contact region
26. In FIG. 4B, conductive region 42, described above with regard to FIG. 4A, is
divided into five distinct regions outlining a second plurality of electrical strip
contacts forming contacting pads 58, 60, 62, 64, and 66 respectively. The second
plurality of electrical strip contacts forming contacting pads 58, 60, 62, 64, and 66,
can be divided through the same process used to divide the first plurality of
electrical strip contacts, 46, 48, 50, and 52, described above. As noted above, the
conductive pattern on base layer 16, which at least in part forms the electrical strip

contacts, can be applied to the top side of the strip, the bottom side of the strip, or

-15-



WO 2007/011569 PCT/US2006/026736
a combination of both. The contacting pads 58, 60, 62, 64, and 66 are configured
to be operatively connected to the second plurality of connector contacts 40 within
meter connector 30. Through this operative connection, the meter is presented
with, and reads from the contacting pads, a particular code representing
information signaling the meter to access data related to the underlying test strip
10. In addition, FIG. 4B depicts a further pattern of breaks 68, isolating an
outermost distal connecting end 70 of the distal strip contact region 26.

[050] FIG. 4C illustrates an additional view of the distal strip contact region
26. In FIG. 4C, the distal strip contact region 26 is depicted to include the first
plurality of electrical strip contacts 46-52, the second plurality of electrical strip
contacts forming contacting pads 58, 60, 62, 64, and 66, and the separated notch
region 56. As noted, the above described conductive regions can all be formed as
a result of breaks 54 within the underlying conductive pattern of test strip 10.

[051] FIG. 4D illustrates additional features of the distal strip contact
region 26. A strip of non-conductive insulating ink 72 can provide further
separation between conductive region 44 and conductive region 42 within distal
strip contact region 26. The borders between the two regions can be printed with
the insulating ink 72 in order to maintain distinct areas of conductivity (bordered by
a distinct area of insulation) and to prevent scratching by meter connector
contacts during the strip insertion process, which can adversely affect the desired
conductivity of one of the strip contacts. The non-conductive insulating ink 72 can
be administered, for example, through a screen printing process. Such screen
printing of a dielectric insulation coating is advantageous in that it can be applied
later on in the strip manufacturing process and in an easily
programmable/reproducible pattern. The additional step of adding such an
insulating coating can be less expensive and time consuming than methods
requiring substrate ablation in some form. For example, ablating a substrate
surface through a laser or chemical ablation process involves a time consuming
process of precisely removing a particular pattern of preexisting material.

[052] FIG. 4D illustrates that test strip 10 may include another strip of non-
conductive insulating ink 73 formed at the distal end of the test strip 10. The strip
of non-conductive insulating ink 73 provides a non-conductive region at the distal

end of the strip 10. The strip 73 thereby prevents any meter connector contacts
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from creating an active conductive connection with any portion of contacting pads
58, 60, 62, 64, and 66 before the strip is fully inserted into the meter. Accordingly,
strip 73 provides an additional feature for assuring a proper connection between
the test strip 10 and the corresponding meter.

[053] Referring to FIG. 5, meter strip connector 30 is illustrated receiving a
distal strip contact region 26 of test strip 10. FIG. 5 depicts a first plurality of
connector contacts 38, labeled 1-4 respectively, and a second plurality of
connector contacts 40, labeled 5-9. The connector contacts 38 and 40 make
contact with distinct portions of the distal strip contact region 26. In particular,
upon proper insertion of the test strip 10 into connector 30, the electrical strip
contacts 46-52, which form the first plurality of electrical strip contacts, are
respectively electrically connected to the connector contacts 1-4, which form the
first plurality of connector contacts 38. Similarly, the contacting pads 58, 60, 62,
64, and 66, which form the second plurality of electrical strip contacts, are
respectively electrically connected to the connector contacts 5-9, which form the
second plurality of connector contacts 40.

[054] As seen in FIG. 5, the first plurality of connector contacts 38 are
laterally staggered or offset, relative to the second plurality of connector contacts |
40. Although the first and second plurality are illustrated as being in distinct rows
and offset from each other, they need not be in distinct rows and can instead be
offset in an additional manner, such as, for example, in distinct groups.
Accordingly, as a test strip 10 is inserted into meter connecior 30, the conductive
signal provided by contacting pads 58-66 is unhindered by any scratches or scuffs
that would otherwise result from first sliding contacting pads 58-66 under
connector contacts 1-4 in order to reach their destinafion connection at connector
contacts 5-9. Therefore, the staggered arrangement of connector contacts 38
relative to connector contacts 40 provides a more reliable connection. In addition,
the application of strip 72 of non-conductive insulating ink (FIG. 4D) also assists in
preventing the conductive coating from one of contacting pads 58-66 from being
scratched and “plowed” away by the friction and interaction from the meter
connector contacts 38. Accordingly, strip 72 of non-conductive insulating ink

provides increased reliability of connector and contact conduction.
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[055] In one embodiment, the connection between contacting pad 66 and
connector contact 9 establishes a common connection to ground (or a voltage
source where the polarity is reversed), thereby completing an electric circuit,
which includes the meter and at least a portion of conductive region 42. The
completion of this circuit can perform a meter wake-up function, providing a signal
to the meter to power up from low-power sleep mode. Therefore, as illustrated in
FIG. 5, the connector contact 9 may be positioned proximally relative to the
remaining contacts 5-8, in order to ensure that connectors 5-8 are in proper
connecting position prior to the final closing/wake-up of the circuit through the
connection of contacting pad 66 and connector contact 9. Furthermore, because
the a non-conductive insulating ink strip 73 (See FIG. 4D) can be formed at the
distal end of the test strip 10 and also because a conducting substance can be
removed from notch region 56 (See FIG. 4C), premature wake-up of the meter will
be prevented.

[056] In other words, during distal movement of test strip 10 within the
connector channel 32, the common connection will not be established at the point
connector contact 9 engages the extreme distal edge of test strip 10. Instead,
common connection will be established only when the connector contact passes
notch 56, and ink strip 73 if applied, and engages a conductive portion of
contacting pad 66. Accordingly, the combination of a proximally positioned
connector contact 9 and a non-conductive notch region 56 provides a more
reliable connection between strip 10 and the meter.

[057] As noted above, the contacting pads 58, 60, 62, 64, and 66 are
configured to be operatively connected to the second plurality of connector
contacts 40 within meter connector 30. Through this operative connection, the
meter is presented with, and reads from the contacting pads, a particular code
signaling the meter to access information related to a particular underlying test
strip 10. The coded information may signal the meter to access data including,
but not limited to, parameters indicating the particular test to be performed,
parameters indicating connection to a test probe, parameters indicating
connection to a check strip, calibration coefficients, temperature correction
coefficients, ph level correction coefficients, hematocrit correction data, and data

for recognizing a particular test strip brand.
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[058] One such code is illustrated in FIG. 6, where conductive contacting
pads 60 and 64 are overprinted with an electrical insulting material, such as, for
example, a non-conductive (insulating) ink layer 75. A non-conductive ink layer
75 significantly increases the impedance (and may even preventing the flow of
electric current therealong) between the corresponding connector contacts (in this
example, connector contacts 6 and 8) and the underlying strip portion at various
predetermined contacting pads within the conductive region 42 of distal strip
contact region 26. Just as described above, with regard to FIG. 4D, the use of
non-conductive insulating ink 75 is particularly advantageous relative to other
methods of altering the conductivity of a strip portion.

[059] An exemplary insulating material includes, but is not limited to,
VISTASPEG HB Black available from Aellora™ Digital of Keene, New Hampshire.
The VISTASPEC HB Black material is a hybrid UV-curable black-pigmented ink
for use in elevated temperature piezo drop-on-demand ink jet arrays. This
VISTASPEC ink is jetted at an elevated temperature, rapidly sets upon contact
with the underlying substrate, and is then cured by UV radiation. The ink’s
properties include electrical insulation, resistance to abrasion from a meter's
contacts, enhanced adhesion to an underlying conductive material, and beneficial
visco-elastic characteristics. The material’s visco-elastic characteristics minimize
ink spreading on the underlying substrate. Furthermore, these visco-elastic
characteristics enable this ink to be utilized with high print resolution piezo
technology that enables accurate and precise patterning of the VISTASPEC ink
onto the conductive electrode substrate. In addition, the visco-elastic
characteristics of the VISTASPEC ink enables a sample as small as about an 80
picoliter drop to remain pinned at the location where it makes contact with the
underlying substrate, theteby enabling precise pad sizes, positional accuracy, and
precision of up to less than about 0.005 inches. As an example, printing of the
insulating material can be accomplished through the use of a SureFire Model PE-
600-10 single pass piezo drop-on-demand ink jet print engine, also available from
Aellora™ Digital of Keene, New Hampshire. As non-limiting examples, the above
described ink jet print engine can utilize Nova and Galaxy model print heads
available from Spectra Inc. of Lebanon, New Hampshire.
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[060] Systems requiring the ablation of a substrate surface through a
laser or chemical ablation process involves the time consuming process of
precisely removing a particular pattern of preexisting material. Because coding of
the strip occurs later in the assembly process than the ablation step, adding a
non-conductive ink layer 75 to the contacting pads eliminates the tolerance issues
that would result from reintroducing strips into a larger ablation process for coding.
Such printing of a dielectric insulation coating is advantageous in that it can be
applied later on in the strip manufacturing process and in an easily
programmable/reproducible pattern. As a non-limiting example, the method of
providing layer 75 to the underlying substrate can include the use of at least one
registration datum along the underlying strip to insure accurate formation of the
layer 75 according to a particular desired pattern. For example, datums can be
provided orthogonally (e.g. longitudinally and laterally) along a substrate where
that can be mechanically or optically referenced by a printing apparatus to
facilitate the formation of an accurate and reproducible pattern. Depending on the
arrangement of the electrical strip contacts, the discrete portions of electrical
insulating material forming each layer 75 can be applied to the top side of the
strip, the bottom side of the strip, or a combination of both.

[061] Upon connection of the contacting pads 58, 60, 62, 64, and 66 in
FIG. 6 to the corresponding connector contacts 40, the meter will read a particular
code based on the number, and pattern, of contacting pads overprinted with a
non-conductive ink layer 75. In other words, the use of non-conductive ink layer
75, provides a switching network to be read by the meter. When an insulator is
printed over one of the conductive surfaces of contacting pads 58, 60, 62, 64, and
66, it prevents the flow of electric current therealong and alters the conductive
path between the contacting pad and connector contact (e.g. where no current
flows). When no insulator is printed over the conductor current flow is relatively
unimpeded (a low impedance path).

[062] Upon reading a particular code, an internal memory within the meter
can access, through a stored microprocessor algorithm, specific calibration
information (such as, for example, calibration coefficients) relating to the particular
test strip. The meter can read the code through either an analog or digital

method. In the analog mode, a preset resistive ladder is interconnected within the
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meter to the second plurality of connector contacts 40 (labeled 5-9 in FIG. 5) such
that permutations of printed non-conductive ink can be correlated to a distinct lot
code using a voltage drop, resistance, or current measurement. The analog
method also can be simultaneously used as the auto-on/wake-up feature as long
as each code has at least one pad free of non-conductive ink that can make a low
impedance connection to wake the meter up by closing an open circuit. The
analog voltage, resistance, or current level could be used to signal the meter to
access any of the data referenced above particular to the underlying test strip.

[063] FIG. 7 depicts a schematic diagram of the electrical connections
between a meter and contacting pads 58, 60, 62, 64, and 66 of a test strip
according to an embodiment of the invention. Switch S5 of FIG. 7 provides the
connection to a single voltage source V. Accordingly, switch S5, represents the
required connection of contacting pad 66 and connector contact 9 in the analog
code reading process. Switches S4-S1 schematically represent the connection
between connector contacts 5-8 and contacting pads 58-64 of FIG. 5,
respectively. When a non-conductive ink layer 75 is provided over one of the
contacting pads 58, 60, 62, and 64, the corresponding switch, S4, 83, S2, or S1,
will prevent the flow of electric current therealong upon physical engagement with
a corresponding connector contacts 5-8. Accordingly, a particular code will
correspond to a particular switching configuration, in the switch network of FIG. 7.

[064] As further seen in FIG. 7, each of switches S4-S1 close to add a
distinct value of additional impedance to the closed circuit, by bridging the
connection to a particular resistor. Therefore, through the application of Ohm'’s
and Kirchhoff's laws, a circuit measurement at Vo Will provide distinct values
based on the particular code presented by test strip 10. In an alternative
embodiment, the direction of current flow can be reversed, if desired, by
connecting switch S5 to common ground and instead connecting the resistor R to
the single voltage source.

[065] In the digital mode, as schematically represented in FIG. 8, each
contacting pad 58-66, would be read as an individual input, unlike the single input
used by the analog method. For the digital method to be simultaneously used as
an auto-on/wake-up feature, the inputs would need to be wire-orred together or

connected to an interrupt controller of a micro-controller. Each code must have at
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least one pad free of non-conductive ink 75 such that a low impedance connection
can be made to wake-up the meter’'s micro-controller.

[066] Non-conductive ink 75 with levels of high and low impedance
produce a binary code yielding a code index based on the number of pads (P)
implemented, where the number of codes is N = 2P, Itis possible, however, for a
code to comprise an arrangement where none of the electrical strip contacts are
covered with electrical insulating material (a code will all logical “1”s, i.e. all
conductors). The number of codes possible when integrated with an auto-
on/wake-up feature, however, is reduced to N = 2°-1. In a system having an auto-
on/wake-up feature, a code with all zeros (all insulators) is not an active code as it
will not wake up. the meter.

[067] When a strip 10 is inserted into the meter connector 30, one contact
is closed and wakes up the meter by pulling the microcontroller’s interrupt either
high or low. The meter will then check the voltage out (Vout) to determine the test
type and then read the code bits (S1,52,53,54) to determine the code value. The
code value selected can, for example, be associated with a stored set of
coefficients in the meter's memory for use in a glucose mapping algorithm that is
particularly correlated to the reagent applied to the measuring electrode region.
This code can also be associated with other types of strip parameter information,
such as those referenced above. It could also select different meter configuration
options as well. The voltage drop across the series resistor R at Vout in FIG. 8
can be sensed, to determine if code vales are within a predetermined range for
use as a confirmation signal. This can also be used to determine strip
identification (check strip, manufacturing probe, and different test type).

[068] In addition to providing either a high or low impedance level (through
the application or absence of an insulating layer of non-conductive ink 75 over one
of the contacting pads) a particular resistive element may be applied over a
particular contacting pad. The resistive element introduces an increased level of
impedance into a circuit that reduces (but does not necessarily prevent) the flow
of electric current. Accordingly, the use of a specific resistive element over a
particular contacting pad provides an intermediate level of resistance directly on
the contacting pad of the test strip. When this intermediate level of resistance is

connected to the meter through engagement with a corresponding meter
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connector contact, the meter can detect this “intermediate” level (e.g. through a
circuit measurement of voltage drop by applying Ohm’s and Kirchhoff's laws).

[069] The detection of such an intermediate level can alert the meter's
processor fo access an entire new set of code data relating to the particular test
strip. In other words, providing a resistive element coating can be used to expand
the number of codes available with a set number of contacting pads. For
example, a strip may be formed with a particular code through a particular pattern
of non-conducting insulating ink 75. When one of the conducting contacting pads
is formed to include a particular resistive element, that same code represented by
the pattern of non-conducting ink 75 now can be read by the meter to access an
entirely different set of data. As an example, the contacting pad 66 of FIG. 6 (or
any of the available contacting pads) could be formed to include a resistive
element. As a non-limiting example, the resistive element could be provided in
the form of a printed conductive ink. The thickness of the printed ink forming the
resistive element, and resistivity of the ink composition, can be varied to achieve
the desired resistance for a particular contacting pad. The additional information
made available through this expansion of codes can include, but is not limited to,
information related to hematocrit correction, information related to meter
upgrades, and information related to the particular strip type. Accordingly, the use
of such a resistive element can be used to expand the number of code
configurations available with a set number of contacting pads.

[070] It should be noted that the particular disclosed configurations of test
strip 10, and in particular the configuration of connector contacts 38, 40 and the
corresponding first and second plurality of electrical strip contacts, are merely
exemplary, and different configurations could be formed without departing from
the scope of the invention. For example, the underside of strip 10 can be formed
to incorporate an additional number of contacting pads in order to increase the
size (and thereby the amount of information) in the code index. The additional
contacting pads on the underside of strip 10 could represent a third plurality of
electrical strip contacts, thereby increasing the number of codes available. The
number of available codes could thereby be expanded by applying an insulating
coating to particular pads on the underside of strip 10 in addition to the coating of
pads on the opposite side of the strip.
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[071] The incorporation of individualized code data within individual test
strips provides numerous advantages in addition to those associated with
accuracy of measurement. For example, with individual strip coding a user no
longer needs to manually enter the meter’s lot code, thereby removing the
possibility of user error for this critical step. Strip lot codes stored directly on
individual test strips will also provide a means to ship mixed lots of strips in a
single strip vial. In contrast, current technologies such as button/key coding
require all strips (typically packaged in a vial including 50 strips from the same lot)
in a vial to be from the same lot code.

[072] Individual strip coatings representing particular codes also afford
bulk packaging benefits. For example, mixed lot test strips and vials including
different numbers of strips will be possible. Strips from various lots could be
stored in a central location and packaged for sale without the time and expense of
strips are packaged from a single lot. Individual lot calibration codes stored on
strips can also provide a means for varying a code across a single lot should a
strip lot have variation from beginning to end or anywhere in between.
Predetermined variations in manufacturing within a strip lot can be corrected by
applying a continuously changing code across the lot, thereby solving yield
problems and improving in-lot strip to strip variation. In addition, embedding lot
codes on individual strips can be used to distinguish different types of test strips
(e.g. glucose vs. ketone), check strips, or different manufacturing procedures,
provide data for meter upgrades, and to correlate particular test strips for use only
with a specific meter or meter type.

[073] Other embodiments of the invention will be apparent to those skilled
in the art from consideration of the specification and practice of the invention
disclosed herein. It is intended that the specification and examples be considered
as exemplary only, with a true scope and spirit of the invention being indicated by

the following claims.
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WHAT IS CLAIMED |[S:

1. A diagnostic test strip comprising:

at least one electrically insulating layer;

a conductive pattern formed on the at least one insulating layer including at
least one electrode disposed on the at least one insulating layer at a proximal
region of the strip, electrical strip contacts disposed on at least one insulating
layer at a distal region of the strip, and conductive traces electrically connecting
the electrodes to at least some of the electrical strip contacts;

a reagent layer contacting at least a portion of at least one electrode; and

at least one discrete portion of electrical insulating material disposed over
at least one of the electrical strip contacts to at least partially form a distinct
pattern readable to identify data particular to the test strip.

2. The strip of claim 1, wherein each of the at least one electrodes is

individually connected to one contact in a first plurality of electrical strip contacts.

3. The strip of claim 2, wherein the conductive pattern at the distal region of

the strip includes a second plurality of electrical strip contacts.
4, The strip of claim 3, wherein the first and second plurality of electrical strip
contacts are positioned to form distinct groups of electrical contacts, the groups

being spaced from one another.

5. The strip of claim 3, wherein the second plurality of electrical strip contacts

form a discrete set of contacting pads.

6. The strip of claim 5, wherein the distinct pattern is configured by covering

certain contacting pads with the electrical insulating material.

7. The strip of claim 1, wherein the insulating material comprises a non-

conductive insulating ink.
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8. The strip of claim 3, wherein an electrically insulating region separates the

first and second plurality of electrical strip contacts.

9. The strip of claim 5, wherein the contacting pads are configured for contact,
when inserted into a compatible meter, with a plurality of contacts in a

corresponding connector of the meter.

10.  The strip of claim 9, further comprising a grounding contacting pad
configured to establish a common connection to electrical ground.

11.  The strip of claim 10, wherein said grounding contacting pad is positioned
on the strip proximally relative to the remaining contacting pads through a non-

conductive notch portion at a distal region of the strip.

12.  The strip of claim 3, wherein an additional conductive pattern is formed on
the insulating layer on a side opposite from that including the first and second
plurality of electrical strip contacts, the additional conductive pattern comprising a
third plurality of electrical strip contacts and at least one discrete portion of
electrical insulating material disposed over at least one of the third plurality of
electrical strip contacts to form a distinct pattern readable to further identify data
particular to the test strip.

13.  The strip of claim 3, wherein the first and second plurality of electrical strip

contacts are positioned to form first and second distinct rows of contacts.

14.  The strip of claim 13, wherein the first and second rows of contacts are
laterally staggered relative to each other.

15.  The strip of claim 1, wherein a resistive element is disposed over at least
one of the electrical strip contacts to form part of the distinct pattern readable to
identify data particular to the test strip.

16. A method of determining a constituent level within a fluid comprising:
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providing a diagnostic test device comprising;
at least one electrically insulating layer;
a conductive pattern formed on the at least one insulating layer
including at least one electrode disposed on the at least one
insulating layer at a proximal region of the strip, electrical strip
contacts disposed on at least one insulating layer at a distal region
of the strip, and conductive traces electrically connecting the
electrodes to at least some of the electrical strip contacts;
a reagent layer contacting at least a portion of at least one electrode;
and
at least one discrete portion of electrical insulating material disposed
over at least one of the electrical strip contacts to form a distinct
pattern readable to identify data particular to the test strip.
connecting the distal region of the strip to a constituent level meter such
that the electrical strip contacts engage with corresponding meter connector
contacts;
applying a fluid sample at the reagent layer;
taking a measurement using the plurality of electrodes;
identifying particular data based on the distinct pattern formed at least in
part by the electrical insulating material disposed over at least one of the electrical
strip contacts; and
calculating the fluid constituent concentration based on the value of

measured current and the data.

17. The method of claim 16, wherein each of the plurality of electrodes are
individually connected to one contact in a first plurality of electrical strip contacts.

18.  The method of claim 17, wherein the conductive pattern at a distal region of
the strip includes a second plurality of electrical strip contacts individually

electrically isolated to form a discrete set of contacting pads.

19.  The method of claim 18, wherein identifying particular data includes

reading the distinct pattern through an analog method.
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20. The method of claim 18, wherein identifying particular data includes

reading the distinct pattern through a digital method.

21.  The method of claim 19, wherein providing a diagnostic test device further
comprises covering certain contacting pads with the electrical insulating material
such that a high impedance path is created and identifying particular data further
includes, connecting a preset resistive ladder to a predetermined number of meter
connector contacts such that a particular resulting voltage drop, resistance, or
current measurement, in a circuit completed through the connection of the
contacting pads and corresponding meter connector contacts, signals the meter to

access distinct information.

22.  The method of claim 20, wherein providing a diagnostic test device further
comprises covering certain contacting pads with the electrical insulating material
such that a high impedance path is created and identifying particular data
includes, reading a meter connection between each contacting pad and a
corresponding connector contact as either high impedance or low impedance and
assigning a digital value to the connection in a circuit completed through the
connection of the contacting pads and corresponding meter connector contacts
such that the resulting digital value signals the meter to access distinct

information.

23.  The method of claim 22, wherein the number of code variations is
determined by the expression N = 2P where P is equal to the number of
contacting pads.

24. The method of claim 22, wherein the meter includes an auto-on/wake-up
feature provided by a conductive contacting pad and the number of code
variations is determined by the expression N = 2P-1, where P is equal to the

number of contacting pads.
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25 The method of claim 186, further comprising providing a resistive element
over at least one of the electrical strip contacts to form part of the distinct pattern
and wherein identifying particular data includes, reading a meter connection
between the resistive element and a corresponding connector contact and alerting
the meter to access an additional set of data relating to the particular test strip.

26. A method of making a plurality of test strips, said method comprising:
forming a plurality of test strip structures on one sheet, each of said test
strip structures including:

(a) a sample chamber,

(b) an electrically insulating layer;

(c) a conductive pattern including a plurality of electrodes formed on said
sheet, and a plurality of electrical strip contacts, formed on said sheet, a portion of
which are electrically connected to said plurality of electrodes;

(d) a set of electrical strip contacts individually electrically isolated to form a
discrete set of contacting pads formed on said sheet and electrically isolated from
said plurality of electrodes; and

(e) at least one discrete portion of electrical insulating material disposed
over at least one of the contacting pads to at least partially form a distinct pattern
readable to identify data particular to the test strip; and

separating said test strip structures into said plurality of test strips.

27. A method of claim 26, further comprising forming at least one contacting
pad to include an auto-on electrical contact.

28. A diagnostic test strip comprising:

at least one electrically insulating layer;

a conductive pattern formed on the at least one insulating layer including at
least one electrode disposed on the at least one insulating layer at a proximal
region of the strip, electrical strip contacts disposed on at least one insulating
layer at a distal region of the strip, and conductive traces electrically connecting
the electrodes to at least some of the electrical strip contacts;

a reagent layer contacting at least a portion of at least one electrode; and
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wherein each of the electrical strip contacts is selectively coverable with a
discrete portion of electrical insulating material to at least partially form a distinct

pattern readable to identify data particular to the test strip.

29.  The strip of claim 28, further comprising at least one discrete portion of
electrical insulating material disposed over at least one of the electrical strip
contacts to at least partially form a distinct pattern readable to identify data

particular to the test strip.

30. The strip of claim 28, wherein the distinct pattern readable to identify data
particular to the test strip comprises an arrangement where none of the electrical

strip contacts are covered with electrical insulating material.

31.  The strip of claim 29, wherein a resistive element is disposed over at least
one of the electrical strip contacts to form part of the distinct pattern readable to
identify data particular to the test strip.

32.  The strip of claim 28, wherein each of the at least one electrodes is

individually connected to one contact in a first plurality of electrical strip contacts.

33. The strip of claim 32, wherein the conductive pattern at the distal region of
the strip includes a second plurality of electrical strip contacts.

34.  The strip of claim 33, wherein the first and second plurality of electrical strip
contacts are positioned to form distinct groups of electrical contacts, the groups

being spaced from one another.

35. The strip of claim 33, wherein the second plurality of electrical strip

contacts form a discrete set of contacting pads.

36. The strip of claim 29, wherein the insulating material comprises a non-
conductive insulating ink.
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37.  The strip of claim 35, wherein the contacting pads are configured for
contact, when inserted into a compatible meter, with a plurality of contacts in a

corresponding connector of the meter.

38. A diagnostic test strip comprising:

at least one electrically insulating layer,

a conductive pattern formed on the at least one insulating layer including at
least one electrode disposed on the at least one insulating layer at a proximal
region of the strip, electrical strip contacts disposed on at least one insulating
layer at a distal region of the strip, and conductive traces electrically connecting
the electrodes to at least some of the electrical strip contacts;

a reagent layer contacting at least a portion of at least one electrode;

a first plurality of electrical strip contacts comprised of contacts individually
connected to an electrode;

a second plurality of electrical strip contacts comprised of the conductive
pattern at the distal region of the strip; and

wherein an electrically insulating material separates the first and second

plurality of electrical strip contacts.

39. The strip of claim 38, wherein each of the electrical strip contacts
comprising the second plurality is selectively coverable with a discrete portion of
electrical insulating material to at least partially form a distinct pattern readable to
identify data particular to the test strip.

40.  The strip of claim 39, further comprising at least one discrete portion of
electrical insulating material disposed over at least one of the electrical strip
contacts to at least partially form a distinct pattern readable to identify data
particular to the test strip.

41. The strip of claim 39, wherein the distinct pattern readable to identify data

particular to the test strip comprises an arrangement where none of the electrical

strip contacts are covered with electrical insulating material.
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42.  The strip of claim 40, wherein a resistive element is disposed over at least
one of the electrical strip contacts to form part of the distinct pattern readable to

identify data particular to the test strip.

43.  The strip of claim 38, wherein the second plurality of electrical strip

contacts form a discrete set of contacting pads.

44. The strip of claim 38, wherein the insulating material comprises a non-

conductive insulating ink.

45.  The strip of claim 43, wherein the contacting pads are configured for
contact, when inserted into a compatible meter, with a plurality of contacts in a

corresponding connector of the meter.

46. A method of making a test strip comprising:

providing at least one electrically insulating layer;

providing a conductive pattern on the at least one insulating layer, the
conductive pattern including at least one electrode disposed on the at least one
insulating layer at a proximal region of the strip, electrical strip contacts disposed
on at least one insulating layer at a distal region of the strip, and conductive traces
electrically connecting the electrodes to at least some of the electrical strip
contécts;

providing a reagent layer contacting at least a portion of at least one
electrode; and

selectively covering at least one of the electrical strip contacts with a
discrete portion of electrical insulating material to at least partially form a distinct
pattern readable to identify data particular to the test strip.
47. The method of claim 46, further comprising providing a resistive element
over at least one of the electrical strip contacts to form part of the distinct pattern
readable to identify data particular to the test strip.
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