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(57) ABSTRACT

A sensor, and methods of making, for determining the con-
centration of an analyte, such as glucose or lactate, in a
biological fluid such as blood or serum, using techniques such
as coulometry, amperometry, and potentiometry. The sensor
includes a working electrode and a counter electrode, and can
include an insertion monitoring trace to determine correct
positioning of the sensor in a connector.
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ANALYTE SENSOR WITH INSERTION
MONITOR, AND METHODS

[0001] This application is a continuation-in-part of U.S.
Ser. No. 10/866,477, filed Jun. 12, 2004, which is a continu-
ation of U.S. Ser. No. 10/033,575, filed Dec. 28, 2001, issued
as U.S. Pat. No. 6,749,740, which is a continuation of U.S.
Ser. No. 09/434,026, filed Nov. 4, 1999, issued as U.S. Pat.
No. 6,616,819, the entire disclosures of which are incorpo-
rated herein by reference.

FIELD OF THE INVENTION

[0002] This invention relates to analytical sensors for the
detection of bioanalytes in a small volume sample, and meth-
ods of making and using the sensors.

BACKGROUND

[0003] Analytical sensors are useful in chemistry and medi-
cine to determine the presence and concentration of a biologi-
cal analyte. Such sensors are needed, for example, to monitor
glucose in diabetic patients and lactate during critical care
events.

[0004] Currently available technology measures bioana-
Iytes in relatively large sample volumes, e.g., generally
requiring 3 microliters or more of blood or other biological
fluid. These fluid samples are obtained from a patient, for
example, using a needle and syringe, or by lancing a portion
of the skin such as the fingertip and “milking” the area to
obtain a useful sample volume. These procedures are incon-
venient for the patient, and often painful, particularly when
frequent samples are required. Less painful methods for
obtaining a sample are known such as lancing the arm or
thigh, which have a lower nerve ending density. However,
lancing the body in the preferred regions typically produces
submicroliter samples of blood, because these regions are not
heavily supplied with near-surface capillary vessels.

[0005] It would therefore be desirable and very useful to
develop arelatively painless, easy to use blood analyte sensor,
capable of performing an accurate and sensitive analysis of
the concentration of analytes in a small volume of sample.
[0006] It would also be desirable to develop methods for
manufacturing small volume electrochemical sensors
capable of decreasing the errors that arise from the size of the
sensor and the sample.

SUMMARY OF THE DISCLOSURE

[0007] The sensors of the present invention provide a
method for the detection and quantification of an analyte. In
general, the invention includes a method and sensor for analy-
sis of an analyte in a sample, e.g., a small volume sample, by,
for example, coulometry, amperometry and/or potentiometry.
A sensor of the invention may utilize a non-leachable or
diffusible electron transfer agent and/or a redox mediator.
The sensor also includes a sample chamber to hold the sample
in electrolytic contact with the working electrode.

[0008] In one embodiment, the working electrode faces a
counter electrode, forming a measurement zone within the
sample chamber, between the two electrodes, that is sized to
contain no more than about 1 ul. of sample, e.g., no more than
about 0.5 ul, e.g., no more than about 0.32 L, e.g., no more
than about 0.25 uL,, e.g., no more than about 0.1 pL. of sample.
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[0009] In one embodiment of the invention, a sensor, con-
figured for insertion into an electronic meter, is provided with
aworking electrode and a counter electrode, and a conductive
insertion monitor which provides electrical contact with the
electronic meter if the sensor is properly inserted into the
meter. The conductive insertion monitor is configured and
arranged to close an electrical circuit when the sensor is
properly inserted into the electronic connector.

[0010] In another embodiment of the invention, a sensor is
provided with a plurality of contacts, each contact having a
contact pad, which is a region for connection with an elec-
tronic meter. The plurality of contacts and contact pads are on
a substrate having a length and a width, and each contact pad
has a contact pad width taken parallel to the width of the
substrate. The sum of the contact pad widths is greater than
the width of the substrate. In one embodiment, six electrical
connections are made with six contact pads on the sensor but
in a width that is approximately the width of four contact
pads. For example, a working electrode, three counter elec-
trodes (e.g., one counter electrode and two indicator elec-
trodes), and two insertion trace connections each have a con-
tact pad; connection can be made to each of these six contact
pads in the same width of the contact pads of the working
electrode and three counter electrodes.

[0011] The present invention also includes an electrical
connector, for providing electrical contact between a sensor
and an electrical meter or other device. The electrical connec-
tor has a plurality of contact structures, each which has a
proximal contact end for electrical connection to a sensor
contact, and a distal end for electrical connection to the elec-
trical device. In one embodiment, a plurality of first contact
structures extend longitudinally parallel from the distal to the
proximal end. Additionally, one or more second contract
structures extend longitudinally next to the first contact struc-
tures, from the distal end past the proximal end of the first
contact structures, and angle toward a longitudinal center line
of the connector. Contact to the sensor is then made via the
proximal contact ends.

[0012] In some embodiments, the electrical connector has
at least two second contact structures extending longitudi-
nally past the proximal end of the first contact structures and
angling toward the longitudinal center line of the connector.
After the angled or bent portion, the proximal contact ends of
the second contact structures of one embodiment make elec-
trical contact with a single conductive surface of a sensor,
such as a conductive insertion monitor. In another aspect, the
first contact structures can be configured and arranged to
contact one or more working and/or counter electrodes of a
sensor, and the second contact structures are configured and
arranged to contact one or more conductive insertion moni-
tors.

[0013] The sensors of the present invention can be config-
ured for side-filling or tip-filling. In addition, in some
embodiments, the sensor may be part of an integrated sample
acquisition and analyte measurement device. The integrated
sample acquisition and analyte measurement device can
include the sensor and a skin piercing member, so that the
device can be used to pierce the skin of a user to cause flow of
afluid sample, such as blood, that can then be collected by the
sensor. In at least some embodiments, the fluid sample can be
collected without moving the integrated sample acquisition
and analyte measurement device.

[0014] Inoneembodiment, the sensor is connected with an
electrical device, to provide a processor coupled to the sensor.
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The processor is configured and arranged to determine, dur-
ing electrolysis of a sample in the sample chamber, a series of
current values. The processor determines a peak current value
from the series of current values. After the current values
decrease below a threshold fraction of the peak current val-
ues, slope values are determined from the current values and
represent a linear function of the logarithm of current values
over time. The processor determines, from the slope values,
an extrapolation slope. From the extrapolated slope and the
measured current values, the processor determines an amount
of charge needed to electrolyze the sample and, from that
amount of charge, the concentration of the analyte in the
sample.

[0015] One method of forming a sensor, as described
above, includes forming at least one working electrode on a
first substrate and forming at least one counter or counter/
reference electrode on a second substrate. A spacer layer is
disposed on either the first or second substrates. The spacer
layer defines a chamber into which a sample can be drawn and
held when the sensor is completed. A redox mediator and/or
second electron transfer agent can be disposed on the first or
second substrate in a region that will be exposed within the
sample chamber when the sensor is completed. The first and
second substrates are then brought together and spaced apart
by the spacer layer with the sample chamber providing access
to the at least one working electrode and the at least one
counter or counter/reference electrode. In some embodi-
ments, the first and second substrates are portions of a single
sheet or continuous web of material. The invention includes
particularly efficient and reliable methods for the manufac-
ture of these sensors.

[0016] One such efficient and reliable method includes pro-
viding an adhesive having first and second surfaces covered
with first and second release liners and then making detailed
cuts through the first release liner and the adhesive but not
through the second release liner. These cuts define one or
more sample chamber regions. A portion of the first release
liner is removed to expose a portion of the first adhesive
surface, which leaves a remaining portion of the first release
liner over the sample chamber regions. This exposed first
adhesive surface is applied to a first substrate having one or
more conductive traces disposed thereon. The second release
liner is removed together with the adhesive and the first
release liner of the sample chamber regions in order to expose
the second adhesive surface. The second adhesive surface is
then applied to a second substrate having one or more con-
ductive traces disposed thereon. This method forms a sensor
having a sample chamber corresponding to one of the sample
chamber regions.

[0017] These and various other features which characterize
the invention are pointed out with particularity in the attached
claims. For a better understanding of the invention, its advan-
tages, and objectives obtained by its use, reference should be
made to the drawings and to the accompanying description, in
which there is illustrated and described preferred embodi-
ments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Referring now to the drawings, wherein like refer-
ence numerals and letters indicate corresponding structure
throughout the several views:

[0019] FIG.1 is a schematic view of a first embodiment of
a sensor strip in accordance with the present invention;
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[0020] FIG. 2A is an exploded view of the sensor strip
shown in FIG. 1, the layers illustrated individually with the
electrodes in a first configuration;

[0021] FIG. 2B is a top view of the sensor strip shown in
FIGS. 1 and 2A,

[0022] FIG. 3A is a schematic view of a second embodi-
ment of a sensor strip in accordance with the present inven-
tion, the layer illustrated individually with the electrodes in a
second configuration;

[0023] FIG. 3B is a top view of the sensor strip shown in
FIG. 3A;
[0024] FIG. 4isatop view ofthe first substrate of the sensor

strip of FIGS. 3A and 3B;

[0025] FIG. 5A is a top view of a first example configura-
tion for a suitable insertion monitor in accordance with the
present invention;

[0026] FIG. 5B is a top view of a second example configu-
ration for a suitable insertion monitor in accordance with the
present invention;

[0027] FIG. 5C is a top view of a third example configura-
tion for a suitable insertion monitor in accordance with the
present invention;

[0028] FIG. 5D is a top view of a fourth example configu-
ration for a suitable insertion monitor in accordance with the
present invention;

[0029] FIG. 6A illustrates a top view of one embodiment of
a sheet of sensor components, according to the invention;
[0030] FIG. 6B illustrates a top view of another embodi-
ment of a sheet of sensor components, according to the inven-
tion;

[0031] FIG. 7A is a top perspective view of a sensor strip
positioned for insertion within an electrical connector device
in accordance with the present invention;

[0032] FIG. 7B is an exploded view of the electrical con-
nector device of FIG. 7A;

[0033] FIG. 8A is a top perspective view of a sensor strip
fully positioned within the electrical connector device of FIG.
TA,

[0034] FIG. 8B is an exploded view of the electrical con-

nector device of FIG. 8A;

[0035] FIG. 9A is a bottom perspective view of the electri-
cal connector device of FIGS. 7A and 7B; and

[0036] FIG. 9B is a bottom perspective view of the electri-
cal connector device of FIGS. 8A and 8B.

DETAILED DESCRIPTION OF THE PREFERRED

EMBODIMENT
[0037] As used herein, the following definitions define the
stated term:
[0038] “Amperometry” includes steady-state amperom-

etry, chronoamperometry, and Cottrell-type measurements.
[0039] A “biological fluid” is any body fluid in which the
analyte can be measured, for example, blood (which includes
whole blood and its cell-free components, such as, plasma
and serum), interstitial fluid, dermal fluid, sweat, tears, urine
and saliva.

[0040] “Coulometry” is the determination of charge passed
or projected to pass during complete or nearly complete elec-
trolysis of the analyte, either directly on the electrode or
through one or more electron transfer agents. The charge is
determined by measurement of charge passed during partial
or nearly complete electrolysis of the analyte or, more often,
by multiple measurements during the electrolysis of a decay-
ing current and elapsed time. The decaying current results
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from the decline in the concentration of the electrolyzed
species caused by the electrolysis.

[0041] A “counter electrode” refers to one or more elec-
trodes paired with the working electrode, through which
passes an electrochemical current equal in magnitude and
opposite in sign to the current passed through the working
electrode. The term “counter electrode” is meant to include
counter electrodes which also function as reference elec-
trodes (i.e. a counter/reference electrode) unless the descrip-
tion provides that a “counter electrode” excludes a reference
or counter/reference electrode.

[0042] An “electrochemical sensor” is a device configured
to detect the presence of and/or measure the concentration of
an analyte via electrochemical oxidation and reduction reac-
tions. These reactions are transduced to an electrical signal
that can be correlated to an amount or concentration of ana-
Iyte.

[0043] “Electrolysis™ is the electrooxidation or electrore-
duction of a compound either directly at an electrode or via
one or more electron transfer agents (e.g., redox mediators
and/or enzymes).

[0044] The term “facing electrodes™ refers to a configura-
tion of the working and counter electrodes in which the work-
ing surface of the working electrode is disposed in approxi-
mate opposition to a surface of the counter electrode. In at
least some instances, the distance between the working and
counter electrodes is less than the width of the working sur-
face of the working electrode.

[0045] An “indicator electrode” or “fill indicator electrode™
is an electrode that detects partial or complete filling of a
sample chamber and/or measurement zone with sample.
[0046] A “layer” is one or more layers.

[0047] The “measurement zone” is defined herein as a
region of the sample chamber sized to contain only that por-
tion of the sample that is to be interrogated during an analyte
assay.

[0048] A “non-diffusible,” “non-leachable,” or “non-re-
leasable” compound is a compound which does not substan-
tially diffuse away from the working surface of the working
electrode for the duration of the analyte assay.

[0049] A “redox mediator” is an electron transfer agent for
carrying electrons between the analyte and the working elec-
trode, either directly or through another electron transfer
agent.

[0050] A “reference electrode” includes a reference elec-
trode that also functions as a counter electrode (i.e., a counter/
reference electrode) unless the description provides that a
“reference electrode” excludes a counter/reference electrode.
[0051] A “working electrode” is an electrode at which ana-
lyte is electrooxidized or electroreduced with or without the
agency of a redox mediator.

[0052] Referring to the Drawings in general and FIGS. 1
and 2A in particular, a first embodiment of a sensor strip 10 is
schematically illustrated. Sensor strip 10 has a first substrate
12, a second substrate 14, and a spacer 15 positioned therebe-
tween. Sensor strip 10 includes at least one working electrode
22 and at least one counter electrode 24. Sensor strip 10 also
includes insertion monitor 30.

Sensor Strips

[0053] Referringto FIGS. 1, 2A and 2B in particular, sensor
strip 10 has first substrate 12, second substrate 14, and spacer
15 positioned therebetween. Sensor strip 10 includes working
electrode 22, counter electrode 24 and insertion monitor 30.
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Sensor strip 10 is a layered construction, in certain embodi-
ments having a generally rectangular shape, i.e., its length is
longer than its width, although other shapes are possible as
well. Sensor strip 10' of FIGS. 3A, 3B and 4 also has first
substrate 12, second substrate 14, spacer 15, working elec-
trode 22, counter electrode 24 and insertion monitor 30.
[0054] The dimensions of a sensor may vary. In certain
embodiments, the overall length of sensor strip 10, 10' may be
no less than about 20 mm and no greater than about 50 mm.
For example, the length may be between about 30 and 45 mm;
e.g., about 30 to 40 mm. It is understood, however that shorter
and longer sensor strips 10, 10' could be made. In certain
embodiments, the overall width of sensor strip 10, 10' may be
no less than about 3 mm and no greater than about 15 mm. For
example, the width may be between about 4 and 10 mm, about
5 to 8 mm, or about 5 to 6 mm. In one particular example,
sensor strip 10, 10' has a length of about 32 mm and a width
of'about 6 mm. In another particular example, sensor strip 10,
10" has a length of about 40 mm and a width of about 5 mm.
In yet another particular example, sensor strip 10, 10" has a
length of about 34 mm and a width of about 5 mm.

Substrates

[0055] As provided above, sensor strip 10, 10" has first and
second substrates 12, 14, non-conducting, inert substrates
which form the overall shape and size of sensor strip 10, 10'.
Substrates 12, 14 may be substantially rigid or substantially
flexible. In certain embodiments, substrates 12, 14 are flex-
ible or deformable. Examples of suitable materials for sub-
strates 12, 14 include, but are not limited, to polyester, poly-
ethylene, polycarbonate, polypropylene, nylon, and other
“plastics” or polymers. In certain embodiments the substrate
material is “Melinex” polyester. Other non-conducting mate-
rials may also be used.

Spacer Layer

[0056] Asindicated above, positioned between substrate 12
and substrate 14 can be spacer 15 to separate first substrate 12
from second substrate 14. Spacer 15 is an inert non-conduct-
ing substrate, typically at least as flexible and deformable (or
as rigid) as substrates 12, 14. In certain embodiments, spacer
15 is an adhesive layer or double-sided adhesive tape or film.
Any adhesive selected for spacer 15 should be selected to not
diffuse or release material which may interfere with accurate
analyte measurement.

[0057] In certain embodiments, the thickness of spacer 15
may be at least about 0.01 mm (10 pm) and no greater than
about 1 mm or about 0.5 mm. For example, the thickness may
be between about 0.02 mm (20 um) and about 0.2 mm (200
um). In one certain embodiment, the thickness is about 0.05
mm (50 pm), and about 0.1 mm (100 pm) in another embodi-
ment.

Sample Chamber

[0058] The sensor includes a sample chamber for receiving
a volume of sample to be analyzed; in the embodiment illus-
trated, particularly in FIG. 1, sensor strip 10, 10' includes
sample chamber 20 having an inlet 21 for access to sample
chamber 20. In the embodiments illustrated, sensor strips 10,
10" are side-fill sensor strips, having inlet 21 present on a side
edge of strips 10, 10'. Tip-fill sensors can also be configured
in accordance with this invention.
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[0059] Sample chamber 20 is configured so that when a
sample is provided in chamber 20, the sample is in electro-
Iytic contact with both the working electrode and the counter
electrode, which allows electrical current to flow between the
electrodes to effect the electrolysis (electrooxidation or elec-
troreduction) of the analyte.

[0060] Sample chamber 20 is defined by substrate 12, sub-
strate 14 and spacer 15; in many embodiments, sample cham-
ber 20 exists between substrate 12 and substrate 14 where
spacer 15 is not present. Typically, a portion of spacer 15 is
removed to provide an area between substrates 12, 14 without
spacer 15; this volume of removed spacer is sample chamber
20. For embodiments that include spacer 15 between sub-
strates 12, 14, the thickness of sample chamber 20 is generally
the thickness of spacer 15.

[0061] Sample chamber 20 has a volume sufficient to
receive a sample of biological fluid therein. In some embodi-
ments, such as when sensor strip 10, 10' is a small volume
sensor, sample chamber 20 has a volume that is preferably no
more than about 1 pul, for example no more than about 0.5 pL,
and also for example, no more than about 0.25 ul.. A volume
of no more than about 0.1 pl. is also suitable for sample
chamber 20, as are volumes of no more than about 0.05 pl.
and about 0.03 pul.

[0062] A measurement zone is contained within sample
chamber 20 and is the region of the sample chamber that
contains only that portion of the sample that is interrogated
during the analyte assay. In some designs, the measurement
zone has a volume that is approximately equal to the volume
of sample chamber 20. In some embodiments the measure-
ment zone includes 80% of the sample chamber, 90% in other
embodiments, and about 100% in yet other embodiments.
[0063] As provided above, the thickness of sample cham-
ber 20 corresponds typically to the thickness of spacer 15.
Particularly for facing electrode configurations, this thick-
ness is small to promote rapid electrolysis of the analyte, as
more of the sample will be in contact with the electrode
surface for a given sample volume. In addition, a thin sample
chamber 20 helps to reduce errors from diffusion of analyte
into the measurement zone from other portions of the sample
chamber during the analyte assay, because diffusion time is
long relative to the measurement time, which may be about 5
seconds or less.

Electrodes

[0064] As provided above, the sensor includes a working
electrode and at least one counter electrode. The counter
electrode may be a counter/reference electrode. If multiple
counter electrodes are present, one of the counter electrodes
will be a counter electrode and one or more may be reference
electrodes. Referring to FIGS. 2A and 2B and FIGS. 3A, 3B
and 4, two examples of suitable electrode configurations are
illustrated.

Working Electrode

[0065] At least one working electrode is positioned on one
of first substrate 12 and second substrate 14. In all of FIGS.
2 A though 4, working electrode 22 is illustrated on substrate
12. Working electrode 22 extends from the sample chamber
20 to the other end of the sensor 10 as an electrode extension
called a “trace”. The trace provides a contact pad 23 for
providing electrical connection to a meter or other device to
allow for data and measurement collection, as will be
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described later. Contact pad 23 can be positioned on a tab 26
that extends from the substrate on which working electrode
22 is positioned, such as substrate 12. In one embodiment, a
tab has more than one contact pad positioned thereon. In a
second embodiment, a single contact pad is used to provide a
connection to one or more electrodes; that is, multiple elec-
trodes are coupled together and are connected via one contact
pad.

[0066] Working electrode 22 can be a layer of conductive
material such as gold, carbon, platinum, ruthenium dioxide,
palladium, or other non-corroding, conducting material.
Working electrode 22 can be a combination of two or more
conductive materials. An example of a suitable conductive
epoxy is ECCOCOAT CT5079-3 Carbon-Filled Conductive
Epoxy Coating (available from W.R. Grace Company,
Woburn, Mass.). The material of working electrode 22 typi-
cally has relatively low electrical resistance and is typically
electrochemically inert over the potential range of the sensor
during operation.

[0067] Working electrode 22 may be applied on substrate
12 by any of various methods, including by being deposited,
such as by vapor deposition or vacuum deposition or other-
wise sputtered, printed on a flat surface or in an embossed or
otherwise recessed surface, transferred from a separate car-
rier or liner, etched, or molded. Suitable methods of printing
include screen-printing, piezoelectric printing, ink jet print-
ing, laser printing, photolithography, and painting.

[0068] As provided above, at least a portion of working
electrode 22 is provided in sample chamber 20 for the analy-
sis of analyte, in conjunction with the counter electrode.

Counter Electrode

[0069] The sensor includes at least one counter electrode
positioned within the sample chamber. In FIGS. 2A and 2B,
counter electrode 24 is illustrated on substrate 14. In FIGS.
3A, 3B and 4, a counter electrode 24 is present on substrate
12. Counter electrode 24 extends from the sample chamber 20
to the other end of the sensor 10 as an electrode extension
called a “trace”. The trace provides a contact pad 25 for
providing electrical connection to a meter or other device to
allow for data and measurement collection, as will be
described later. Contact pad 25 can be positioned on a tab 27
that extends from the substrate on which counter electrode 24
is positioned, such as substrate 12 or 14. In one embodiment,
a tab has more than one contact pad positioned thereon. In a
second embodiment, a single contact pad is used to provide a
connection to one or more electrodes; that is, multiple elec-
trodes are coupled together and are connected via one contact
pad.

[0070] Counter electrode 24 may be constructed in a man-
ner similar to working electrode 22. Suitable materials for the
counter/reference or reference electrode include Ag/AgCl or
Ag/AgBr on a non-conducting base material or silver chlo-
ride on a silver metal base. The same materials and methods
may be used for counter electrode 24 as are available for
working electrode 22, although different materials and meth-
ods may also be used. Counter electrode 24 can include a mix
of multiple conducting materials, such as Ag/AgCl and car-
bon.

Electrode Configurations

[0071] Working electrode 22 and counter electrode 24 may
be disposed opposite to and facing each other to form facing



US 2009/0260986 Al

electrodes. See for example, FIG. 2A, which has working
electrode 22 on substrate 12 and counter electrode 24 on
substrate 14, forming facing electrodes. In this configuration,
the sample chamber is typically present between the two
electrodes 22, 24. For this facing electrode configuration,
electrodes 22, 24 may be separated by a distance of no more
than about 0.2 mm (e.g., at least one portion of the working
electrode is separated from one portion of the counter elec-
trode by no more than about 200 um), e.g., no more than about
100 um, e.g., no more than about 50 um.

[0072] Working electrode 22 and counter electrode 24 can
alternately be disposed generally planar to one another, such
as on the same substrate, to form co-planar or planar elec-
trodes. Referring to FIGS. 3A and 4, both working electrode
22 and counter electrode 24 occupy a portion of the surface of
substrate 12, thus forming co-planar electrodes.

Sensing Chemistry

[0073] In addition to working electrode 22, sensing chem-
istry material(s) are preferably provided in sample chamber
20 for the analysis of the analyte. Sensing chemistry material
facilitates the transfer of electrons between working electrode
22 and the analyte in the sample. Any sensing chemistry may
be used in sensor strip 10, 10'; the sensing chemistry may
include one or more materials.

[0074] The sensing chemistry can be diffusible or leach-
able, or non-diffusible or non-leachable. For purposes of dis-
cussion herein, the term “diffusible” will be used to represent
“diffusible or leachable” and the term “non-diffusible” will
be used to represent “non-diffusible or non-leachable” and
variations thereof. Placement of sensing chemistry compo-
nents may depend on whether they are diffusible or not. For
example, both non-diffusible and/or diffusible component(s)
may form a sensing layer on working electrode 22. Alterna-
tively, one or more diffusible components may be present on
any surface in sample chamber 20 prior to the introduction of
the sample to be analyzed. As another example, one or more
diffusible component(s) may be placed in the sample prior to
introduction of the sample into sample chamber 20.

Electron Transfer Agent

[0075] The sensing chemistry generally includes an elec-
tron transfer agent that facilitates the transfer of electrons to
or from the analyte. The electron transfer agent may be dif-
fusible or non-diffusible, and may be present on working
electrode 22 as a layer. One example of a suitable electron
transfer agent is an enzyme which catalyzes a reaction of the
analyte. For example, a glucose oxidase or glucose dehydro-
genase, such as pyrroloquinoline quinone glucose dehydro-
genase (PQQ), is used when the analyte is glucose. Other
enzymes can be used for other analytes.

[0076] The electron transfer agent, whether it is diffusible
or not, facilitates a current between working electrode 22 and
the analyte and enables the electrochemical analysis of mol-
ecules. The agent facilitates the transfer electrons between the
electrode and the analyte.

Redox Mediator

[0077] This sensing chemistry may, additionally to or alter-
natively to the electron transfer agent, include a redox media-
tor. Certain embodiments use a redox mediator that is a tran-
sition metal compound or complex. Examples of suitable
transition metal compounds or complexes include osmium,
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ruthenium, iron, and cobalt compounds or complexes. In
these complexes, the transition metal is coordinatively bound
to one or more ligands, which are typically mono-, di-, tri-, or
tetradentate. The redox mediator can be a polymeric redox
mediator, or, a redox polymer (i.e., a polymer having one or
more redox species). Examples of suitable redox mediators
and redox polymer are disclosed in U.S. Pat. No. 6,338,790,
for example, and in U.S. Pat. Nos. 6,605,200 and 6,605,201.

[0078] If the redox mediator is non-diffusible, then the
redox mediator may be disposed on working electrode 22 as
a layer. In an embodiment having a redox mediator and an
electron transfer agent, if the redox mediator and electron
transfer agent are both non-leachable, then both components
are disposed on working electrode 22 as individual layers, or
combined and applied as a single layer.

[0079] The redox mediator, whether it is diffusible or not,
mediates a current between working electrode 22 and the
analyte and enables the electrochemical analysis of mol-
ecules which may not be suited for direct electrochemical
reaction on an electrode. The mediator functions as an agent
to transfer electrons between the electrode and the analyte.

Sorbent Material

[0080] Sample chamber 20 can be empty before the sample
is placed in the chamber, or, in some embodiments, the
sample chamber can include a sorbent material to sorb and
hold a fluid sample during the measurement process. The
sorbent material facilitates the uptake of small volume
samples by a wicking action which can complement or, e.g.,
replace any capillary action of the sample chamber. Suitable
sorbent materials include polyester, nylon, cellulose, and cel-
lulose derivatives such as nitrocellulose. In addition to or
alternatively, a portion or the entirety of the wall of the sample
chamber may be coated by a surfactant, which is intended to
lower the surface tension of the fluid sample and improve
fluid flow within the sample chamber.

[0081] Methods other than the wicking action of a sorbent
can be used to transport the sample into the sample chamber
or measurement zone. Examples of such methods for trans-
port include the application of pressure on a sample to push it
into the sample chamber, the creation of a vacuum by a pump
or other vacuum-producing method in the sample chamber to
pull the sample into the chamber, capillary action due to
interfacial tension of the sample with the walls of a thin
sample chamber, as well as the wicking action of a sorbent
material.

Fill Indicator Electrode

[0082] Insome instances, it is desirable to be able to deter-
mine when the sample chamber is filled. Sensor strip 10, 10'
can be indicated as filled, or substantially filled, by observing
a signal between an indicator electrode and one or both of
working electrode 22 or counter electrode 24 as sample cham-
ber 20 fills with fluid. When fluid reaches the indicator elec-
trode, the signal from that electrode will change. Suitable
signals for observing include, for example, voltage, current,
resistance, impedance, or capacitance between the indicator
electrode and, for example, working electrode 22. Alterna-
tively, the sensor can be observed after filling to determine if
avalue of the signal (e.g., voltage, current, resistance, imped-
ance, or capacitance) has been reached indicating that the
sample chamber is filled.
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[0083] Typically, the indicator electrode is further down-
stream from a sample inlet, such as inlet 21, than working
electrode 22 and counter electrode 24.

[0084] For side-fill sensors, an indicator electrode can be
present on each side of the counter electrode. This permits the
user to fill the sample chamber from either the left or right side
with an indicator electrode disposed further upstream. This
three-electrode configuration is not necessary. Side-fill sen-
sors can also have a single indicator electrode and may
include some indication as to which side should be placed in
contact with the sample fluid.

[0085] The indicator electrode can also be used to improve
the precision of the analyte measurements. The indicator
electrode may operate as a working electrode or as a counter
electrode or counter/reference electrode. Measurements from
the indicator electrode/working electrode can be combined
(for example, added or averaged) with those from the first
counter/reference electrode/working electrode to obtain
more accurate measurements.

[0086] The sensor or equipment that the sensor connected
is with (e.g., a meter) can include a sign (e.g., a visual sign or
auditory signal) that is activated in response to the indicator
electrode to alert the user that the measurement zone has been
filled. The sensor or equipment can be configured to initiate a
reading when the indicator electrode indicates that the mea-
surement zone has been filled with or without alerting the
user. The reading can be initiated, for example, by applying a
potential between the working electrode and the counter elec-
trode and beginning to monitor the signals generated at the
working electrode.

Insertion Monitor

[0087] In accordance with this invention, the sensor
includes an indicator to notify when proper insertion of sen-
sor strip 10, 10" into receiving equipment, such as a meter, has
occurred. As seen in FIGS. 1, 2A, 2B, 3A and 3B, sensor
strips 10, 10' include insertion monitor 30 on an exterior
surface of one of substrates 12, 14.

[0088] Insertion monitor 30 is used to encode information
regarding sensor strip 10, 10'. The encoded information can
be, for example, calibration information for that manufactur-
ing lot or for that specific strip. Such calibration information
or code may relate to, e.g., the sensitivity of the strip or to the
y-intercept and/or slope of its calibration curve. The calibra-
tion code is used by the meter or other equipment to which
sensor strip 10, 10'is connected to provide an accurate analyte
reading. For example, based on the calibration code, the
meter uses one of several programs stored within the meter.
[0089] Insomeembodiments, a value indicative of the cali-
bration code is manually entered into the meter or other
equipment, for example, by the user. In other embodiments,
the calibration code is directly read by the meter or other
equipment, thus not requiring input or other interaction by the
user.

[0090] Inone embodiment, illustrated, for example in FIG.
5A, insertion monitor 30 is a stripe 130 extending across an
exterior surface of sensor 10, 10", for example, from side edge
to side edge, with one contact pad for connection to a meter.
Itis understood that in alternate embodiments stripe 130 need
not extend to both side edges. In another embodiment, the
insertion monitor comprises two or more contact pads for
connection to a meter. The two or more contact pads are
electrically connected to each other by a material, such as a
conductive ink.
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[0091] The calibration code can be designed into insertion
monitor 30, for example, either by the resistance or other
electrical characteristic of insertion monitor 30, by the place-
ment or position of insertion monitor 30, or by the shape or
configuration of insertion monitor 30.

[0092] Insertion monitor 30 may alternately or additionally
carry other information regarding the sensor strip 10, 10". This
other information that could be encoded into insertion moni-
tor 30 include the test time needed for accurate analyte con-
centration analysis, expiration date of the sensor strip 10, 10,
various correction factors, such as for environmental tem-
perature and/or pressure, selection of the analyte to be ana-
lyzed (e.g., glucose, ketone, lactate), and the like.

[0093] The resistance of insertion monitor 30, such as that
of'single stripe 130 or area or of a conductive path between the
two or more contact pads, is related to the encoded informa-
tion. As an example of discrete calibration values, resistance
values in a given range can correspond to one calibration
setting, and resistance values in a different range can corre-
spond to a different calibration setting. Thus, when a meter or
other equipment receives a sensor strip, indicator monitor 30
will notify the meter or equipment which assay calculation to
use.

[0094] In addition to varying the resistance of indicator
monitor 30 by varying the conductive or semi-conductive
material used, the resistance of indicator monitor 30 can be
varied by cutting or scoring some or all of the conductive
pathways so that they do not carry charge. The resistance can
additionally or alternately be controlled by the width or
length of the conductive path. An example of a material
suitable for indicator monitor 30 is a combination of carbon
and silver; the resistance of this mixture will vary, based on
the ratio of the two materials.

[0095] The placement or position of insertion monitor 30
can additionally or alternately be related to the encoded cali-
bration information. For example, the calibration code can be
directly related to the location of indicator monitor 30. For
example, the position of indicator monitor 30 can be varied so
that is makes electrical contact with different contact struc-
tures. (Contact structures are described below in “Sensor
Connection to Electrical Device”). Depending on the contact
structures engaged, the meter will recognize the calibration
code and thus know what parameter to use to calculate an
accurate analyte level.

[0096] The shape and/or configuration of insertion monitor
30 can additionally or alternatively be related to the encoded
calibration code. For example, the calibration code can be
directed related to which and/or the number of contact struc-
tures that make electrical contact with indicator monitor 30.
For example, a pattern of discrete and unconnected indicator
monitors can be present on the sensor; the calibration code
will be directly related to the arrangement of those monitors.
The pattern could be parallel lines, orderly arranged dots or
squares, or the like.

[0097] While it is preferred to provide this encoded infor-
mation on the insertion monitor, it should be recognized that
the insertion monitor function and the encoding of informa-
tion can also be implemented separately using separate con-
ductive traces on the strip.

[0098] Conductive insertion monitor 30 is positioned on
the non-conductive base substrate and has a contact pad for
electrical contact with a connector. Insertion monitor 30 is
configured and arranged to close an electrical circuit when
sensor 10, 10" is properly inserted into the connector.
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[0099] Insertion monitor 30 may have any suitable configu-
ration, including but not limited to, a stripe extending across
sensor strip 10, 10' from a side edge to a side edge, such as
stripe 130, a stripe extending across the sensor strip, although
not the entire width, and an array of unconnected dots, strips,
or other areas. Other suitable configurations for insertion
monitor 30 are illustrated in FIGS. 5B, 5C and 5D. FIG. 5B
illustrates insertion monitor 30 as bi-regional monitor 230,
having a first stripe 230A and a second stripe 230B, both of
which extend from side edge to side edge, although it is
understood that one or both of strips 230A, 230B may not
extend completely to a side edge. FIGS. 5C and 5D illustrate
insertion monitors that have a long, tortuous path, which
extends longitudinally toward an end of the sensor, rather than
extending merely side-to-side. Insertion monitor 330 of FIG.
5C has a stripe 330A and an elongate stripe 330B. Insertion
monitor 430 of FIG. 5D has a single conductive strip 430,
which provides an elongate path.

Sensor Connection to Electrical Device

[0100] Referring to FIGS. 7A, 7B, 8A, 8B, 9A and 9B, a
sensor strip 100 is illustrated readied for insertion into a
connector 500. Sensor strip 100 is similar to sensor strips 10,
10". Sensor strip 100 includes insertion monitor 30 onan outer
surface of one of' the substrates forming strip 100. Sensor strip
100 includes, although not illustrated, one working electrode
and three counter electrodes. The working electrode includes
a contact pad positioned on tab 123 (see FIGS. 7A and 9A).
Each of the three counter electrodes includes a contact pad
positioned on tab 124, 125, 126, respectively (see FIG. 9A).
[0101] Sensorstrip 100 is configured to couple to a meter or
other electrical device by electrical connector 500 which is
configured to couple with and contact the end of sensor 100 at
contact pads 123, 124, 125, 126. The sensor meter typically
includes a potentiostat or other component to provide a poten-
tial and/or current for the electrodes of the sensor. The sensor
reader also typically includes a processor (e.g., a micropro-
cessor or hardware) for determining analyte concentration
from the sensor signals. The sensor meter also includes a
display or a port for coupling a display to the sensor. The
display displays the sensor signals and/or results determined
from the sensor signals including, for example, analyte con-
centration, rate of change of analyte concentration, and/or the
exceeding of a threshold analyte concentration (indicating,
for example, hypo- or hyperglycemia).

[0102] One example of a suitable connector is shown in
FIGS. 7A and 7B, 8A and 8B, and 9A and 9B. Connector 500
(which is used to connect a sensor to a meter or other electri-
cal device) is generally a two part structure, having top por-
tion 510 and bottom portion 520 (see FIG. 7B). Positioned
between and secured by top portion 510 and bottom portion
520 are various contact leads that provide electrical connec-
tion between sensor 100 and a meter. Bottom portion includes
leads 51, 52 and 223, 224, 225, 226, as will be described
below.

[0103] Leads 223, 224, 225, 226, have proximal ends to
physically contact pads 123, 124, 125, 126, respectively, and
to connect to any attached meter. Each pad 123, 124,125,126
has its respective lead 223, 224, 225, 226. The end of sensor
100 having the contact pads can be slid into or mated with
connector 500 by placing sensor 100 into slide area 530,
which provides a support for and retains sensor 100. It is
typically important that the contact structures of the connec-
tor 500 make electrical contact with the correct pads of the
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sensor so that the working electrode and counter electrode(s)
are correctly coupled to the meter.

[0104] Connector 500 includes leads or contact structures
51, 52 for connection to insertion monitor 30. Insertion moni-
tor 30 is configured and arranged to close an electrical circuit
between contact structures 51 and 52 when the sensor is
properly inserted into the connector. Proper insertion into
connector 500 means that the sensor strip 100 is inserted right
side up, that the correct end of strip 100 is inserted into
connector 500, and that sensor strip 100 is inserted far enough
into connector 500 that reliable electrical connections are
made between the electrode contact pads 123, 124, 125, 126
and the corresponding contacts leads 223, 224, 225, 226.
Preferably, no closed circuit is made unless all electrode pads
have properly contacted the contact structures of connector
500. The insertion monitor may have shapes other than a
stripe across the width of the sensor; for example, other
designs include an individual dot, a grid pattern, or may
include stylistic features, such as words or letters.

[0105] Because this insertion monitor 30 is not at the end
with the contact regions for the electrodes, the insertion moni-
tor 30 does not require additional width space on the sensor.
The width of the contact pads 123, 124, 125,126 is defined as
the width on which a lead could be placed that would result in
an electrical connection; typically, the contact width is the
width of the exposed contact area. In one embodiment, six
contact lead structures on the connector (e.g., 52, 223, 224,
225,226, 51) can contact sensor 100 in the same width as the
four contact pads (e.g., 123, 124, 125, 126). This concept of
having contact points on the sensor that occupy more width
than the width of the sensor may be used for any number of
contact points; this may be used with or without an insertion
monitor 30.

[0106] As a particular example, four leads 223, 224, 225,
226 make contact with contact pads 123, 124, 125, 126. If
each lead and/or contact pad is one millimeter wide, a sensor
of at least 4 mm wide is needed to make contact. Additional
leads, such as those for insertion monitor 30 (i.e., contact
leads 51, 52), can make contact by having leads 51, 52 extend
along the side of leads 223, 226 and then angle in toward the
center of strip 100 after the point where leads 223, 224, 225,
226 contact strip 100. The insertion monitor leads 51, 52 cross
side edges of sensor 100 to make contact with the sensor, thus
not requiring additional sensor width.

[0107] The contact structures are generally parallel and
non-overlapping. The lead structures 223, 224, 225, 226 ter-
minate in close proximity to the proximal end of sensor strip
100 (e.g., on contact pads 123, 124, 125, 126), but lead
structures 51, 52 continue longitudinally past the proximal
end of lead structures 223, 224, 225, 226 farther toward the
distal end of sensor strip 100. Once past the proximal end and
past lead structures 223, 224, 225, 226, lead structures 51, 52
angle in toward the center of the sensor strip.

[0108] In an optional embodiment to ensure proper inser-
tion of a sensor into a meter, the meter may include a raised
area or bump that prevents or hinders the insertion of the
sensor in an improper direction. Objects other than a raised
area can also be used to guide the user in correct introduction
of the sensor into the meter.

General Method for Manufacturing Sensors

[0109] Referring now to FIGS. 6 A and 6B, one example of
a method for making sensors having two substrates with
electrodes thereon is described with respect to the sensor
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arrangement displayed in FIG. 2A, although this method can
be used to make a variety of other sensor arrangements,
including those described before. When the three layers of
FIG. 2A are assembled, a sensor similar to sensor 10 is
formed.

[0110] In FIGS. 6A and 6B, a substrate 1000, such as a
plastic substrate, is moving in the direction indicated by the
arrow. Substrate 1000 can be an individual sheet or a continu-
ousroll ona web. Multiple sensors can be formed on substrate
1000 as sections 1022 that have working electrodes 22 (FIG.
2A) thereon and sections 1024 that have counter electrodes 24
(FIG. 2A) thereon and other electrodes, such as reference
electrodes and/or fill indicator electrodes. These working,
counter and optional electrodes are electrically connected to
their corresponding traces and contact pads. Typically, work-
ing electrode sections 1022 are produced on one half of sub-
strate 1000 and counter electrode sections 1024 are produce
on the other half of substrate 1000. In some embodiments,
substrate 1000 can be scored and folded to bring the sections
1022, 1024 together to form the sensor. In some embodi-
ments, as illustrated in FIG. 6 A, the individual working elec-
trode sections 1022 can be formed next to or adjacent each
other on substrate 1000, to reduce waste material. Similarly,
individual counter electrode sections 1024 can be formed
next to or adjacent each other. In other embodiments, the
individual working electrode sections 1022 (and, similarly,
the counter electrode sections 1024) can be spaced apart, as
illustrated in FIG. 6B. The remainder of the process is
described for the manufacture of multiple sensors, but can be
readily modified to form individual sensors.

[0111] Carbon or other electrode material (e.g., metal, such
as gold or platinum) is formed on substrate 1000 to provide a
working electrode 22 for each sensor. The carbon or other
electrode material can be deposited by a variety of methods
including printing a carbon or metal ink, vapor deposition,
and other methods. The printing may be done by screen
printing, gravure roll printing, transfer printing, and other
known printing methods. The respective trace and contact pad
23 could be applied together with working electrode 22, but
may be applied in a subsequent step.

[0112] Similar to the working electrode 22, counter elec-
trode 24 is formed on substrate 1000. The counter electrode
(s) are formed by providing carbon or other conductive elec-
trode material onto substrate 1000. In one embodiment, the
material used for the counter electrode(s) is a Ag/AgCl ink.
The material of the counter electrode(s) may be deposited by
a variety of methods including printing or vapor deposition.
The printing may be done by screen printing, gravure roll
printing, transtfer printing, and other known printing methods.
The respective trace and contact pad 25 could be applied
together with counter electrodes 24, but may be applied in a
subsequent step.

[0113] Preferably, multiple sensors 10 are manufactured
simultaneously; that is, the working electrodes, including
their traces and contact pads, for a plurality of sensors are
produced (e.g., printed) on a polymer sheet or web, and simul-
taneously or subsequently, the counter electrodes, and their
traces and contact pads, for a plurality of sensors are produced
(e.g., printed). The working electrode(s) and counter elec-
trode(s) can be formed on separate substrates that are later
positioned opposite one another so that the electrodes face
each other. Alternately, to simplify registration of the sub-
strates, the working electrodes can be formed on a first half of
a substrate sheet of web and the counter electrodes are formed
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on a second half of the substrate sheet or web so that the sheet
or web can be folded to superimpose the working and counter
electrodes in a facing arrangement.

[0114] To provide sample chamber 20, spacer 15 is formed
over at least one of the substrate/working electrode and sub-
strate/counter electrode(s). Spacer 15 can be an adhesive
spacer, such as a single layer of adhesive or a double-sided
adhesive tape (e.g., a polymer carrier film with adhesive dis-
posed on opposing surfaces). Suitable spacer materials
include adhesives such as urethanes, acrylates, acrylics,
latexes, rubbers and the like.

[0115] A channel, which will result in the sample chamber,
is provided in spacer 15, either by cutting out a portion of the
adhesive spacer or placing two adhesive pieces in close prox-
imity but having a gap therebetween. The adhesive can be
printed or otherwise disposed on the substrate according to a
pattern which defines the channel region. The adhesive spacer
can be optionally provided with one or more release liners
prior to its incorporation into the sensor. The adhesive can be
cut (e.g., die-cut or slit) to remove the portion of the adhesive
corresponding to the channel prior to disposing the spacer on
the substrate.

[0116] Any sensing chemistry is disposed onto the sub-
strate in at least the sample chamber regions. If any of the
sensing chemistry component(s) is non-leachable, that com-
ponent is preferably disposed on the working electrode. If any
of'the sensing chemistry component(s) is diffusible, that com-
ponent can be disposed on any surface of the substrate in the
channel region. The redox mediator and/or electrode transfer
agent can be disposed independently or together on the sub-
strate prior to or after placement of the spacer. The redox
mediator and/or electrode transfer agent may be applied by a
variety of methods including, for example, screen printing,
ink jet printing, spraying, painting, striping along a row or
column of aligned and/or adjacent electrodes, and the like.
Other components can be deposited separately or together
with the redox mediator and/or electrode transfer agent; these
components can include, for example, surfactants, polymers,
polymer films, preservatives, binders, buftfers, and cross-link-
ers.

[0117] After disposing the spacer, redox mediator, second
electron transfer agent, sensing layers, and the like, the first
and second substrates (having the working and counter elec-
trodes thereon) are positioned opposite each other to form the
sensor. The faces of the substrate are joined by the adhesive of
the spacer. After bringing the faces together, individual sen-
sors can be cut out from the web of sensors using a variety of
methods including, for example, die cutting, slitting, or oth-
erwise cutting away the excess substrate material and sepa-
rating the individual sensors. In some embodiments, a com-
bination of cutting or slitting methods is used. As another
alternative, the individual sensor components can first be cut
out of the substrates and then brought together to form the
sensor by adhesively joining the two components, such as by
using the spacer adhesive.

[0118] The sides of the sensor can be straight to allow the
sensor to be cut out from the remainder of the substrate and/or
from other sensors by slitting the substrate in parallel direc-
tions using, for example, a gang arbor blade system. The
edges of the sensor can define edges of the sample chamber
and/or measurement zone. By accurately controlling the dis-
tance between cuts, variability in sample chamber volume
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can often be reduced. In some instances, these cuts are par-
allel to each other, as parallel cuts are typically the easiest to
reproduce.

Application of the Sensor

[0119] A common use for the analyte sensor of the present
invention, such as sensor strip 10, 10", 100 is for the determi-
nation of analyte concentration in a biological fluid, such as
glucose concentration in blood, interstitial fluid, and the like,
in a patient or other user. Sensor strips 10, 10', 100 may be
available at pharmacies, hospitals, clinics, from doctors, and
other sources of medical devices. Multiple sensor strips 10,
10, 100 may be packaged together and sold as a single unit;
e.g., a package of 25, 50, or 100 strips.

[0120] Sensor strips 10, 10", 100 can be used for an elec-
trochemical assay, or, for a photometric test. Sensor strips 10,
10", 100 are generally configured for use with an electrical
meter, which may be connectable to various electronics. A
meter may be available at generally the same locations as
sensor strips 10, 10", 100 and sometimes may be packaged
together with sensor strips 10, 10', 100, e.g., as a kit.

[0121] Examples of suitable electronics connectable to the
meter include a data processing terminal, such as a personal
computer (PC), a portable computer such as a to laptop or a
handheld device (e.g., personal digital assistants (PDAs)),
and the like. The electronics are configured for data commu-
nication with the receiver via a wired or a wireless connec-
tion. Additionally, the electronics may further be connected to
a data network (not shown) for storing, retrieving and updat-
ing data corresponding to the detected glucose level of the
user.

[0122] The various devices connected to the meter may
wirelessly communicate with a server device, e.g., using a
common standard such as 802.11 or Bluetooth RF protocol,
or an IrDA infrared protocol. The server device could be
another portable device, such as a Personal Digital Assistant
(PDA) or notebook computer, or a larger device such as a
desktop computer, appliance, etc. In some embodiments, the
server device does have a display, such as a liquid crystal
display (LCD), as well as an input device, such as buttons, a
keyboard, mouse or touch-screen. With such an arrangement,
the user can control the meter indirectly by interacting with
the user interface(s) of the server device, which in turn inter-
acts with the meter across a wireless link.

[0123] The server device can also communicate with
another device, such as for sending glucose data from the
meter and/or the service device to a data storage or computer.
For example, the service device could send and/or receive
instructions (e.g., an insulin pump protocol) from a health
care provider computer. Examples of such communications
include a PDA synching data with a personal computer (PC),
a mobile phone communicating over a cellular network with
a computer at the other end, or a household appliance com-
municating with a computer system at a physician’s office.
[0124] A lancing device or other mechanism to obtain a
sample of biological fluid, e.g., blood, from the patient or user
may also be available at generally the same locations as
sensor strips 10 and the meter, and sometimes may be pack-
aged together with sensor strips 10 and/or meter, e.g., as akit.

Integrated Sample Acquisition and Analyte Measurement
Device

[0125] An analyte measurement device constructed
according to the principles of the present invention typically
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includes a sensor strip 10, 10", 100, as described hereinabove,
combined with a sample acquisition apparatus to provide an
integrated sampling and measurement device. The sample
acquisition apparatus typically includes, for example, a skin
piercing member, such as a lancet, that can be injected into a
patient’s skin to cause blood flow. The integrated sample
acquisition and analyte measurement device can comprise a
lancing instrument that holds a lancet and sensor strip 10, 10,
100. The lancing instrument might require active cocking. By
requiring the user to cock the device prior to use, the risk of
inadvertently triggering the lancet is minimized. The lancing
instrument could also permit the user to adjust the depth of
penetration of the lancet into the skin. Such devices are com-
mercially available from companies such as Bochringer Man-
nheim and Palco. This feature allows users to adjust the
lancing device for differences in skin thickness, skin durabil-
ity, and pain sensitivity across different sites on the body and
across different users.

[0126] Inone embodiment, the lancing instrument and the
meter are integrated into a single device. To operate the device
the user need only insert a disposable cartridge containing a
sensor strip and lancing device into the integrated device,
cock the lancing instrument, press it against the skin to acti-
vate it, and read the result of the measurement. Such an
integrated lancing instrument and test reader simplifies the
testing procedure for the user and minimizes the handling of
body fluids.

[0127] Insome embodiments, sensor strips 10, 10' may be
integrated with both a meter and a lancing device. Having
multiple elements together in one device reduces the number
of'devices needed to obtain an analyte level and facilitates the
sampling process.

[0128] For example, embodiments may include a housing
that includes one or more of the subject strips, a skin piercing
element and a processor for determining the concentration of
an analyte in a sample applied to the strip. A plurality of strips
10, 10', 100 may be retained in a cassette in the housing
interior and, upon actuation by a user, a single strip 10, 10’
may be dispensed from the cassette so that at least a portion
extends out of the housing for use.

Operation of the Sensor Strip

[0129] Inuse, a sample of biological fluid is provided into
the sample chamber of the sensor, where the level of analyte
is determined. The analysis may be based on providing an
electrochemical assay or a photometric assay. In many
embodiments, it is the level of glucose in blood that is deter-
mined. Also in many embodiments, the source of the biologi-
cal fluid is a drop of blood drawn from a patient, e.g., after
piercing the patient’s skin with a lancing device, which could
be present in an integrated device, together with the sensor
strip.

[0130] The analyte in the sample is, e.g., electrooxidized or
electroreduced, at working electrode 22, and the level of
current obtained at counter electrode 24 is correlated as ana-
lyte concentration.

[0131] Sensor strip 10, 10', 100 may be operated with or
without applying a potential to electrodes 22, 24. In one
embodiment, the electrochemical reaction occurs spontane-
ously and a potential need not be applied between working
electrode 22 and counter electrode 24. In another embodi-
ment, a potential is applied between working electrode 22 and
counter electrode 24.
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[0132] The invention has been described with reference to
various specific and preferred embodiments and techniques.
However, it will be apparent to one of ordinarily skill in the art
that many variations and modifications may be made while
remaining within the spirit and scope of the invention.
[0133] All patents and other references in this specification
are indicative of the level of ordinary skill in the art to which
this invention pertains. All patents are herein incorporated by
reference to the same extent as if each individual patent was
specifically and individually incorporated by reference.

1.-19. (canceled)

20. An electrochemical sensor strip for determining a con-
centration of ketone bodies in blood or interstitial fluid, the
sensor comprising:

a first substrate having a first major surface and a second
major surface opposing the first major surface, the first
substrate defining a proximal end of the strip, a distal end
of the strip and first and second side edges of the strip
extending from the proximal end to the distal end;

asecond substrate having a first major surface and a second
major surface opposing the first major surface, the first
and second substrates being disposed so that the first
major surface of the first substrate is in facing relation-
ship with the first major surface of the second substrate;

spacer material disposed between the first substrate and the

second substrate, the spacer material, the first substrate

and the second substrate further defining:

a first aperture along the proximal end and between the
substrates,

a second aperture along the first side edge and between
the substrates,

a channel leading from the first aperture to the second
aperture, and

a sample chamber adjacent the first aperture and along
the channel, the sample chamber comprising a mea-
surement zone having a volume of no more than 1 uL;

a working electrode disposed on the first major surface of
the first substrate;

aketone body responsive enzyme disposed on the working
electrode;

a counter electrode disposed on the first major surface of
one of the first substrate and the second substrate, the
working electrode and the counter electrode being posi-
tioned relative to the sample chamber to generate a
ketone body responsive signal when sample containing
ketone bodies is disposed in the measurement zone; and

an insertion monitor disposed on one of the first and the
second major surfaces of one of the first substrate and the
second substrate, the insertion monitor including a con-
ductive stripe extending across a width of the sensor
strip and the insertion monitor providing a path for elec-
trical current between at least two contact leads of a
meter.

21. The sensor according to claim 20, wherein the insertion

monitor is disposed on the second major surface of the first
substrate.
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22. The sensor according to claim 20, wherein the counter
electrode is disposed on the first major surface of the second
substrate.

23. The sensor according to claim 20, wherein the insertion
monitor has two or more contact regions for electrical contact
with the meter.

24. The sensor according to claim 20, wherein the insertion
monitor is configured and arranged to provide encoded infor-
mation about the strip.

25. An electrochemical sensor strip for determining the
level of ketone bodies in a sample of blood or interstitial fluid,
the sensor strip having a first side edge and a second side edge,
the sensor strip comprising:

a first substrate having a first major surface and a second
major surface opposing the first major surface, the first
substrate defining a proximal end of the strip, a distal end
of the strip and first and second side edges of the strip
extending from the proximal end to the distal end;

a second substrate having a first major surface and a second
major surface opposing the first major surface, the first
and second substrates being disposed so that the first
major surface of the first substrate is in facing relation-
ship with the first major surface of the second substrate;

spacer material disposed between the first substrate and the
second substrate, the spacer material, the first substrate
and the second substrate further defining:

a first aperture along the proximal end and between the
substrates,

a second aperture along the first side edge and between
the substrates,

a channel leading from the first aperture to the second
aperture, and

a sample chamber adjacent the first aperture, the sample
chamber comprising a measurement zone having a
volume of no more than 1 pl;

a working electrode on the first major surface of the first
substrate;

a ketone body responsive enzyme disposed on the working
electrode;

a counter electrode on the first major surface of one of the
first substrate and the second substrate, the working
electrode and the counter electrode being positioned
relative to the sample chamber to generate a ketone body
responsive signal when sample containing ketone bod-
ies is disposed in the measurement zone; and

an insertion monitor comprising electrically conductive
material forming a stripe extending from the first side
edge to the second side edge of the sensor strip on one of
the substrate surfaces.

26. The sensor strip of claim 25, comprising two working

electrodes.

27. The sensor strip of claim 5, wherein the counter elec-
trode is on the first major surface of the second substrate.
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