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(57) Abréegée/Abstract:

According to the present invention, an electrochemical sensor (10) for detecting the concentration of analyte in a fluid test sample
IS disclosed. The sensor (10) includes a counter electrode having a high-resistance portion (19) for use In detecting whether a

predetermined amount of sample has been received by the test sensor.

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191

S SNV ENEEN
O - 2.7 20 a0

J "..
KT
e
A




woO 2005/078437 A1 I DU 0 ! A0 00 0 0

CA 02554060 2006-07-19

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau

(43) International Publication Date

25 August 2005 (25.08.2005)

GO1N 33/487,

(51) International Patent Classification’:
271416

(21) International Application Number:
PCT/US2005/004226

(22) International Filing Date: 4 February 2005 (04.02.2005)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

60/542,364 6 February 2004 (06.02.2004) US

(71) Applicant (for all designated States except US): BAYER
HEALTHCARE LLC [US/US]; 1884 Miles Avenue, P.O.
Box 40, Elkhart, Indiana 46514-0040 (US).

(72) Inventors; and
(75) Inventors/Applicants (for US only): HUANG, Dijia
[US/US]; 51786 Paddock Drive, Granger, Indiana 46530

(54) Title: ELECTROCHEMICAL BIOSENSOR

10

™\
30 L\

N
‘\\s ‘3?& 34

)
|
|
|
|
|
|
|
|

24
2

|

I 1

I

27
143

14b

AW

>

\/

5
18

12

(10) International Publication Number

WO 2005/078437 Al

(US). CHARLTON, Steven, C. [US/US]; 10275 Douglas
Road, Osceola, Indiana 46561 (US). GEORGE, Suny,
J. [US/US]; 11673 Wolfe Bridge Court, Granger, Indiana
46530 (US). EDELBROCK, Andrew, J. [US/US]; 14700
Horseshoe Bend Court, Granger, Indiana 46530 (US).

(74) Agents: GATZ, John, C. et al.; Jenkens & Gilchrist, a

Professional Corporation, 225 W. Washington Street, Suite
2600, Chicago, IL 60606-3418 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, K7, L.C, LK, LR, LS, LT, LU, L.V, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL., SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM.,
7 W.

[ Continued on next page]

(57) Abstract: According to the present invention, an electro-
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ELECTROCHEMICAL BIOSENSOR

FIELD OF THE INVENTION

[001] The present invention is generally related to an electrochemical
biosensor for use in the quantification of an analyte in a liquid sample and, more
particularly, to a system for detecting an insufficient sample amount In an

electrochemical biosensor.

BACKGROUND OF THE INVENTION

[002] Medical conditions such as diabetes require a person afflicted with the
condition to regularly self-monitor that person’s blood-glucose concentration level.
The purpose of monitoring the blood glucose concentration level is to determine the
person’s blood glucose concentration level and then to take corrective action, based
upon whether the level is too high or too low, to bring the level back within a normal
range. The failure to take corrective action can have serious medical implications for
that person.

[003] One method of monitoring a person’s blood glucose level 1s with a
portable testing device. The portable nature of these devices enables users to
conveniently test their blood glucose levels wherever they may be. One type of
device utilizes an electrochemical biosensor to harvest the blood sample and to
analyze the blood sample. The electrochemical biosensor includes a reagent designed
to react with glucose in the blood to create an oxidation current at electrodes disposed
within the electrochemical biosensor—this current is indicative of the user’s blood
glucose concentration level.

[004] A predetermined amount of reagent 1s included within an
electrochemical biosensor, and is designed to react with a predetermined sample
volume. If a less-than required sample volume is harvested by the electrochemical
biosensor—a condition referred to as being under-filled—an erroneous measurement
may result. Because electrochemical biosensors are commonly used in a self-testing
environment, there exists an increased chance that an inappropriate amount of sample

may be collected. Further, because the sample volumes are very small (typically less

than about 10 pl) it is difficult for a user to visually determine whether an appropriate
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amount of sample has been harvested for analysis. Thus, there exists a need for an

electrochemical biosensor that reliably detects and alerts a user to the occurrence of

an under-filled condition.

SUMMARY OF THE INVENTION

[005] According to one embodiment of the present invention, an
electrochemical sensor for detecting the concentration of analyte in a fluid test sample
s disclosed. The sensor includes a counter electrode having a high-resistance portion
for use in detecting whether a predetermined amount of sample has been received by
the test sensor.

[006] According to another embodiment of the present invention, a method
for evaluating whether an electrochemical test sensor is properly filled is disclosed.
The test sensor includes a working electrode coupled to a first lead and a counter
electrode coupled to a second lead. The counter electrode includes a high-resistance
portion and a low-resistance portion. The test sensor includes a reagent disposed on
the working electrode that is adapted to react with an analyte in a fluid sample for
producing an electrochemical reaction indicative of the concentration of the analyte 1n
the fluid sample. The method comprises applying a voltage profile across the first
and second leads, measuring the current profile at the first and second leads 1n
response to the applied voltage profile, and oenerating an under-filled error signal
when the measured current profile does not have a predetermined profile.

[007] The above summary of the present invention is not intended to
represent each embodiment, or every aspect, of the present invention. Additional
features and benefits of the present invention are apparent from the detailed

description, figures, and embodiments set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS

[008] FIG. 1 is an exploded view of an electrochemical biosensor according
to one embodiment of the present invention.

[009] FIG. 2a is an oversized top view of an electrode pattern of the
electrochemical biosensor of FIG. 1.

[0010] FIG. 2b is a circuitry schematic of the electrochemical biosensor of

FIG. 2a when the electrochemical biosensor is partially filled with liquid sample.
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[0011] FIG. 2c 1s a circuitry schematic of the electrochemical biosensor of

FIG. 2a when the electrochemical biosensor is appropriately filled with liquid sample.

[0012] FIG. 3a 1s a plot of the voltage profile applied to the test sensor of FIG.
1 according to one embodiment of the present invention.

[0013] FIGS. 3b and 3c are plots of the current profile of the test sensor in
response to the voltage profile of FIG. 3a in an under-filled condition and an
appropriately-filled condition, respectively.

[0014] FIG. 4a 1s a plot of the voltage profile applied to the test sensor of FIG.

1 according to another embodiment of the present invention.

')

[0015] FIGS. 4b and 4c are plots of the current profile of the test sensor in
response to the voltage profile of FIG. 4a i an under-filled condition and an
appropriately-filled condition, respectively.

[0016] While the invention 1is susceptible to various modifications and
alternative forms, specific embodiments are shown by way of example in the
drawings and are described in detail herein. It should be understood, however, that

the invention is not intended to be limited to the particular forms disclosed.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

[0017] Turning to the drawings and initially to FIG. 1, the construction of an
electrochemical sensor 10 i1s shown according to one embodiment of the present
invention. The sensor 10 comprises an insulating base 12 upon which is printed in
sequence (typically by screen printing techniques) an electrical conductor pattern
including first and second leads 14a,b, an electrode pattern including a working
electrode 16, a counter electrode, an insulating (dielectric) layer 20 including an
opening 22 and a channel 25, and a reaction layer 24. The counter electrode includes
a low-resistance counter electrode branch 18 (LRC electrode) and a high-resistance
counter electrode branch 19 (HRC electrode).

|0018] The reaction layer 24 includes a reagent for converting an analyte of
interest (e.g., glucose) in a fluid test sample (e.g., blood) into a chemical species that
1s electrochemically measurable, in terms of the electrical current it produces, by the
components of the electrode pattern. The reagent of the reaction layer 24 typically
contains an enzyme such as, for example, glucose oxidase, which reacts with the

analyte and with an electron acceptor such as a ferricyanide salt to produce an
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electrochemically measurable species that can be detected by the electrode pattern

16,18,19. The reaction layer 24 comprises a polymer, an enzyme, and an electron
acceptor. The reaction layer 24 also includes additional ingredients such as a buffer
and a surfactant in some embodiments of the present invention. The reaction layer 24
is disposed over the opening 22 and channel 25 in the insulating layer 20. Thus, the
portion of the reaction layer 24 exposed to the electrode pattern 16,18,19 is defined by
an opening 22 and a channel 25 in the insulating layer 20. The working electrode 16
is electrically coupled to the first lead 14a, and the LRC electrode 18 and HRC
electrode 19 are electrically coupled to a second lead 14b.

[0019] The reaction layer 24 covers only the working electrode 16, covers the
working electrode 16 and the LRC electrode 13, or covers the working electrode 16,
the LRC electrode 18, and the HRC electrode 19 in alternative embodiments of the
present invention. When the reaction layer 24 covers only the working electrode 16,
an electroactive material is present on the LRC electrode 18 to allow it to function as
a counter electrode as is well known in the art.

[0020] The sensor 10 includes a lid 30 having a concave portion 32 that forms
a capillary channel when mated with the insulating layer 20 for moving the liquid
sample from an inlet 34 into the test sensor 10. The downstream end of the capillary
channel includes one or more openings 36 for venting the capillary channel—the fluid
sample flows from the inlet 34 into the sensor 10 toward the opening 36. In use, the
sensor 10 collects a fluid sample (e.g., a blood sample from a patient’s finger) by
bringing the capillary channel inlet 34 into contact with the fluid sample.

[0021] Referring to FIG. 2a, the working electrode 16 and LRC electrode 18
are configured in a manner such that the LRC electrode 18 is located downstream (1n
terms of the direction of fluid sample flow along the flow path) from the working
electrode 16. This configuration offers the advantage of requiring the test fluid to
completely cover the working electrode 16 in order to contact the LRC electrode 18.
However, the HRC electrode 19, which is coupled to the LRC electrode 18 via a

resistor 40, is positioned upstream from the working electrode 16. According to one

embodiment of the present invention, the resistor 40 has a resistance of about 50 k€2
to about 500 kQ. In other embodiments, the resistance of the resistor 40 ranges
between about 250 kQ to about 350 kQ. In yet another embodiment, the resistor 40

has a resistance of about 300 kQ. The resistor 40 may be screen-printed on the
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insulating base 12 in a manner similar to the working electrode 16, the LRC electrode

18, the HRC electrode 19, and the leads 14a,b. Generally, as described below, the
resistor 40 is used in detecting an under-filled condition in the test sensor 10, which
can result in an inaccurate measurement of the analyte of interest in the fluid sample.

[0022] Referring to FIG 2b, the working electrode 16 and HRC electrode 19
form the circuit illustrated if the sensor 10 is under-filled (i.e., the LRC electrode 18
in FIG. 2a is not covered by the fluid sample). In this situation, the sensor current
passes through the resistor 40. Thus, the potential V, between the working electrode
16 and the HRC electrode 19 is about the difference between the potential V; applied
to the sensor leads 14a,b and the voltage drop V; across the resistor 40, assuming a
negligible resistance along the electrode/lead pattern.

[0023] Referring to FIG. 2c, the working electrode 16 and the LRC electrode
18 form the illustrated circuit if the sensor 10 is appropriately filled (i.e., the LRC
electrode 18 in FIG. 2a is covered by the liquid sample). In this situation, the resistor
40 is electrically bypassed in the circuitry. Thus, the potential V, between the
working electrode 16 and the LRC electrode 18 is substantially the same as the
potential V; applied to the leads 14a,b of the sensor 10, assuming a negligible
resistance along the electrode/lead pattern.  The current measured in the sensor 10 1s
a result of diffusion of electro-active species to the electrodes and the subsequent
redox reactions there. For example, at the working electrode 16 an electron 1s taken
from ferrocyanide, oxidizing it to ferricyanide. At the LRC electrode 18 (or at the
HRC electrode 19 in an under-filled situation), an electron is added to ferricyanide,
reducing it to ferrocyanide. The flow of electrons in the electrical pattern connecting
the two electrodes is measured and is related to the amount of ferrocyanide and hence
to the amount of glucose in the sample. In normal operation, a relatively high
electrical potential, V, in FIG. 2c, is applied between the electrodes (e.g., about 400
mV), making the oxidation and reduction reactions at the electrodes fast and depleting
the region around the working electrode 16 of the reduced mediator (e.g,
ferrocyanide). Thus, the current is not constant but decays with time as the reaction 1s
limited by the diffusion to the electrode surface of the reduced mediator. In general,

such decaying current i can be described according to equation (1):

i=C-G-t™" (1)
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In equation (1), C is a constant, G is the concentration of the analyte (e.g., glucose) in

the liquid sample, ¢ is the time elapsed since the potential V3 1s applied, and k 1s a
constant relating to the current decay profile.

[0024] If a higher electrical potential is applied, no increase in the sensor
current is measured, and no change to the decay with time is measured because the
sensor current is determined by diffusion to the electrode surface. If a lower electrical
potential (e.g., about 200 mV) is applied between the electrodes, the oxidation and
reduction reactions are slower, but fast enough that the sensor current remains
dependent on diffusion. Eventually at a lower voltage (e.g., less than about 200 mV),
local depletion of reduced mediator does not occur and the sensor current ceases to
vary with time. Thus, during normal operation of the sensor 10, no change in the
current decay profile occurs with time over a range of applied potentials.

[0025] The operation of the test sensor 10 with under-fill detection will be
described. If the sensor 10 is under-filled (i.e., less than a requisite amount for the
designed reaction) the sample only covers the HRC electrode 19 and at least a portion
of the working electrode 16. In this under-filled situation, the HRC electrode 19
serves as the entire counter electrode with a high-resistance due to the resistor 40.
FIG. 2b illustrates the circuit under this condition. Current flow through the
resistance 40 causes a potential drop V; over the resistor 40 and reduces the potential
V, available for the electrochemical reactions. If the resistance is high enough, the
potential V3 is reduced to a point where the electrode surface reactions are slow and
the current measured between electrode leads 14a and 14b does not decay normally
with time but is essentially flat. This flat equilibrium current is a dynamic balance
between the sensor current and voltage drop V; on the resistor. Changing the applied
voltage V; changes this equilibrium current—a lower voltage results in a lower
equilibrium or steady-state current and a higher voltage results in a higher current.
The sensor current has a “step” profile if a step-shaped voltage profile is applied.

[0026] In the situation where the sensor 10 is appropriately filled, the sample
covers the LRC electrode 18, in addition to the HRC electrode 19, and the working
electrode 16. FIG. 2c illustrates the circuitry under this condition. The branch of the
circuitry between the HRC electrode 19 and the resistor 40 to the lead 14b 1is

“electrically bypassed by the direct connection between the LRC electrode 18 and the
lead 14b. The working electrode 16 and the LRC electrode 18 form a low-resistance
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circuit, and the sensor current has a decay-type profile where the current is limited by

diffusion of electro-active species to the electrode surface as described above.

[0027] The present invention provides an electrochemical sensor in which the
electrodes are configured so that in the event of an under-filled condition, the result is
a current response with time and/or applied voltage that is characteristic, and can be
distinguished from the response of a correctly-filled sensor. Specifically, there are at

~least two ways in which to distinguish a partially-filled sensor 10 from a sensor 10
that is appropriately filled according to alternative embodiments of the present
invention. First, the sensor current of a partially-filled sensor 10 does not decay
normally with time, unlike the sensor current of an appropriately-filled sensor 10.
Second, the sensor current of a partially-filled test sensor 10 increases with applied
voltage due to the resistor 40, while the sensor current of an appropriately-filled
sensor 10 (which bypasses the resistor) does not.

[0028] Thus, when the amount of test fluid that enters the capillary space of
the test sensor 10 is sufficient only to cover the HRC electrode 19 and at least a
portion of the working electrode 16, and when a suitable potential is applied, the
current measured across leads 14a.b is essentially constant and not decay normally
with time. Put another way, a device coupled to the leads 14a,b senses certain
characteristics of the sensor current over time, which are used to determine if an
under-filled error condition has occurred. This is accomplished by algorithmically
programming the device to detect the under-filled condition by measuring the current
at definite time periods after the test fluid has electrically connected the HRC
electrode 19 with the working electrode 16, and/or after the test fluid has electrically
connected the working electrode 16 with the LRC electrode 18.

[0029] Referring to FIGS. 3a, 3b, and 3c, one method for determining whether
the test sensor 10 is appropriately filled will be described. At time to, a voltage step 1s
applied between the leads 14a,b and held constant until time t;, this period is referred
to as the burn period. Next, no voltage (e.g., an open circuit) is applied during a wait
period from time t; to time t,. Finally, the voltage step is again applied during a read
period from t; to t4. According to one embodiment of the present invention, the burn,
wait, and read periods are each about 2 to about 10 seconds in duration. The applied
step voltage is about 0.3 Volts to about 0.4 Volts, according to one embodiment of the

present invention.
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[0030] An under-filled sensor 10 generates a flat sensor current profile during

the read period as shown, for example, in FIG. 3b. An appropriately-filled sensor 10
generates a typical decay-type sensor current profile during the read period as shown,
for example, in FIG. 3c.

[0031] The decay factor, k, during the read period—from time t; to t4—is
calculated from the two currents, I3 and I4, measured at t; and ts;, according to
equation (2):

_In(/,;)—-In(/,,)
In(z, ) — In(z;)

k

(2)

In equation (2), the decay factor, £, describes how fast the current i decays in equation
(1), where C is a constant, G is the glucose concentration, and ¢ is the time elapsed
after the voltage is initially applied. In an appropriately-filled sensor 10, k is typically
between about 0.30 and about 0.49, decreasing as glucose concentration increases.
The decay factor drops to zero in under-filled conditions. Therefore, an under-filled
sensor 10 is detected by checking if the decay factor is below a pre-determined lower
limut.

[0032] Referring to FIGS. 4a, 4b, and 4c, another method for determining
whether the test sensor 10 is appropriately filled will be described. A first voltage 1s
applied during the burn period occurring from time t to time t;, and a second higher
voltage is applied until time t,. No voltage is applied (e.g., an open circuit) during the
wait period from time t, to time t;. Finally, a voltage is applied during the read period
from time t3 to time ts. According to one embodiment, the first voltage applied during
the burn period from time to to t; is about 0.3 V, and the second applied during the
burn period from time t; to time t; is about 0.6 V. During the read period, a voltage of
about 0.3 V is applied. The burn, wait, and read periods are each about 2 seconds to
about 10 seconds in length, with the first voltage of the burn period applied for about
25% to about 75% of the total burn period, according to one embodiment of the
present invention.

[0033] An under-filled sensor 10 generates a step sensor current profile I
during the burn period as shown, for example, in FIG. 4b. An appropriately-tilled

sensor 10 generates a decay-shaped sensor current profile as shown, for example, in

FIG. 4c.
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[0034] The decay factor k£ during the burn period is calculated from the two

currents, Iy; and Iy,, measured at t; and 1,, respectively, according to equation (3):

I = In(Z,,)—1In(Z;,) (3)
In(z, ) — In(#,)

During the burn period the decay factor is greater than about 0.2 in an appropriately-
filled sensor, but drops below about -1.0 in an under-filled condition. Thus, an under-
filled condition is detected by comparing the actual decay factor to a pre-determined
lower limit during the burn period.

[0035] According to alternative embodiments, the two algorithms—equations
(2) and (3)—for detecting an under-filled condition discussed in connection with
FIGS. 3a-c and 4a-c are used jointly to determine whether an under-filled condition
has occurred. The decay factor is first evaluated during the burn period as described
in connection with FIGS. 3a-c. If no under-filled condition is determined, the decay
factor is then evaluated during the read period as described in connection with FIGS.
4a-c. If no under-filled condition is detected during the burn and read periods, an
appropriately-filled condition is deemed to have occurred.

[0036] While the invention is susceptible to various modifications and
alternative forms, specific embodiments thereof are shown by way of example in the
drawings and described in detail herein. It should be understood, however, that it 1S
not intended to limit the invention to the particular forms disclosed, but on the
contrary, the intention is to cover all modifications, equivalents, and alternatives

falling within the spirit and scope of the invention as defined by the appended claims.
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WHAT IS CLAIMED IS:

1. An electrochemical sensor for detecting the concentration of an analyte
in a fluid test sample, the sensor comprising:

a flow path for receiving the fluid test sample;

a first lead and a second lead each adapted to be electrically coupled with a
detector of electrical current;

a working electrode disposed along the flow path, the working electrode being
in electrical communication with the first lead;

a counter electrode in electrical communication with the second lead, the
counter electrode having a low-resistance portion and a high-resistance portion, the
low-resistance portion of the counter electrode being disposed along the flow path
downstream from the working electrode, the high-resistance portion of the counter
electrode being disposed along the flow path upstream from the working electrode;

a resistor electrically coupled between the high-resistance portion of the
counter electrode and the second lead; and

a reagent disposed on the working electrode, the reagent being adapted to react
with the analyte to produce electrons that are transferred to the working electrode;

wherein a first current profile is produced at the first and second leads in
response to a voltage profile applied to the first and second leads when electrical
communication occurs between only the high-resistance portion of the counter
electrode and the working electrode, a second current profile is produced at the first
and second leads in response to substantially the same voltage profile applied to the
first and second leads when electrical communication occurs between the low-
resistance and high-resistance portions of the counter electrodes and the workiﬁg

electrode, the first current profile being different than the second current protile.

2. The sensor of claim 1 wherein the second current profile has a decay-
type shape.
3. The sensor of claim 1 wherein the resistor has a resistance of about 50

kQ to about 500 kQ.
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4. The sensor of claim 3 wherein the resistor has a resistance of about 250
kO to about 350 kQ.
5. The sensor of claim 1 wherein electrical communication occurs

between only the high-resistance portion of the counter electrode and the working

electrode when a less than predetermined volume of fluid sample 1s received by the

flow path.

6. The sensor of claim 1 wherein electrical communication occurs
between the low-resistance portion of the counter electrode and the working electrode

when at least a predetermined volume of fluid sample is received by the flow path.

7. The sensor of claim 1 wherein the first current profile and the voltage
profile have similar shapes when electrical communication occurs between only the

high-resistance portion of the counter electrode and the working electrode.

8. The test sensor of claim 1 wherein the first and second leads are
electrically coupled to the detector of electrical current, the detector being adapted to
generate an under-filled error signal when a current profile produced at the first and
second leads in response to a voltage profile applied to the first and second leads does

not have a decay-type shape.

9. The test sensor of claim 1 wherein the fluid test sample comprises
blood.

10.  The test sensor of claim 1 wherein the analyte comprises glucose.

11.  The test sensor of claim 1 wherein the reagent comprises glucose
oxidase.

12. The test sensor of claim 1 further comprising a reaction layer that

includes the reagent, the reaction layer covering the working electrode and the low-

resistance portion of the counter electrode.
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13. A method for evaluating whether an electrochemical test sensor is

properly filled, the test sensor including a working electrode electrically coupled to a
first lead and a counter electrode electrically coupled to a second lead, the counter
electrode including a low-resistance portion and a high-resistance portion, the method
comprising:

applying a voltage profile across the first and second leads;

measuring the current profile at the first and second leads in response to the
applied voltage profile; and

oenerating an under-filled error signal when the measured current profile does

favorably compare to a predetermined profile.

14.  The method of claim 13 wherein the predetermined profile 1s a decay-
shaped profile.
15. The method of claim 13 comprising forming an electrical

communication between only the high-resistance portion of the counter electrode and

the working electrode when the test sensor is under-filled.

16. The method of claim 13 comprising forming an electrical
communication between the low-tesistance and high-resistance portions of the

counter electrode and the working electrode when the test sensor is appropriately-
filled.

17.  The method of claim 13 wherein the fluid test sample comprises blood.
18.  The method of claim 13 wherein the analyte comprises glucose.
19.  An electrochemical sensor for detecting the concentration of glucose 1n

a blood sample, the sensor comprising:
a flow path for receiving the blood sample;

a first lead and a second lead each adapted to be electrically coupled with a

detector of electrical current;
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a working electrode disposed along the flow path, the working electrode being

in electrical communication with the first lead;

a low-resistance counter electrode disposed along the flow path downstream
from the working electrode, the low-resistance counter electrode being in electrical
communication with the second lead;

a high-resistance counter electrode disposed along the flow path upstream
from the working electrode, the high-resistance counter electrode being in electrical
communication with the second lead;

a resistor electrically coupled between the high-resistance counter electrode
and the second lead; and

a reagent disposed on the working electrode, the reagent being adapted to react
with the glucose in the blood sample to produce an electrochemical reaction indicative
of the concentration of the glucose in the blood sample;

wherein a first current profile 1s produced at the first and second leads in
response to a voltage profile applied to the first and second leads when electrical
communication occurs between only the high-resistance counter electrode and the
working electrode, a second current profile 1s produced at the first and second leads 1n
response to substantially the same voltage profile applied to the first and second leads
when electrical communication occurs between the high-resistance and low-resistance
counter electrodes and the working electrode, the first current profile being different

than the second current profile.

20.  The sensor of claim 19 wherein the second current profile has a decay-
type shape.

21. The sensor of claim 19 wherein the resistor has a resistance of about 50
k€ to about 500 k2.

22. The sensor of claim 21 wherein the resistor has a resistance of about

250 kQ2 to about 350 kQJ.
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23. The sensor of claim 19 wherein electrical communication occurs

between only the high-resistance counter electrode and the working electrode when a

less than predetermined volume of blood sample is received by the flow path.

24.  The sensor of claim 19 wherein electrical communication occurs
between the low-resistance counter electrode and the working electrode when at least

a predetermined volume of blood sample is received by the tlow path.

25.  The sensor of claim 19 wherein the first current profile and the voltage
profile have similar shapes when electrical communication occurs between only the

high-resistance counter electrode and the working electrode.

26. The test sensor of claim 19 wherein the first and second leads are
electrically coupled to the detector of electrical current, the detector being adapted to
generate an under-filled error signal when a current profile produced at the first and
second leads in response to a voltage profile applied to the first and second leads does

not have a decay-type shape.

27.  The test sensor of claim 19 wherein the reagent comprises glucose
oxidase.
28. The test sensor of claim 19 wherein the electrochemical reaction

produces electrons that are transferred to the working electrode.

29.  The test sensor of claim 19 further comprising a reaction layer that
includes the reagent, the reaction layer covering the working electrode and the low-

resistance counter electrode.

30. A method for evaluating whether an electrochemical sensor 1s properly
filled, the test sensor including a working electrode coupled to a first lead, and counter
electrode coupled to a second lead, the counter electrode including a high-resistance
portion and a low-resistance portion, the test sensor including a reagent disposed on

the working electrode that is adapted to react with glucose in a blood sample for
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producing an electrochemical reaction indicative of the concentration of the glucose

in the blood sample, the method comprising:
collecting a blood sample;
applying a voltage profile across the first and second leads;
5 measuring the current profile at the first and second leads in response to the
applied voltage profile; and
generating an under-filled error signal when the measured current profile is

not of a predetermined shape.

10 31.  The method of claim 30 wherein the predetermined shape 1s a decay-
shaped.

32.  The method of claim 30 comprising forming an electrical
communication between only the high-resistance portion of the counter electrode and

15 the working electrode when the test sensor is under-filled.

33.  The method of claim 30 comprising forming an electrical
communication between the low-resistance portion of the counter electrode and the
working electrode when the test sensor is appropriately-filled.

20
34. The method of claim 30 wherein the reagent comprises glucose

oxidase.

35.  The method of claim 30 wherein the reagent is also disposed on the

25 low-resistance portion of the counter electrode.



CA 02554060 2006-07-19

WO 2005/078437 PCT/US2005/004226
1/5

10

“,

3 A

14b




CA 02554060 2006-07-19

WO 2005/078437 PCT/US2005/004226
2/5

-« SAMPLE FLOW

14a

14h —




CA 02554060 2006-07-19

WO 2005/078437 PCT/US2005/004226
3/5
143
k\ (1') § in 9
V1 V2
A% '
T
14b »f
40)

Iig.

14a
\ 16 19
- Y
Vy —= v,
| |
jap— 1 Y :
VAV N }
X
40



WO 2005/078437

VOLTAGE
0.4V

0V

CURRENT
1 uA

0 pA

CURRENT
2 LA

0 pA

CA 02554060 2006-07-19

4/5
A
|
|
% ty h &3 1
A % )ﬁ
4 \\h4
|
1y 4 b 3 Y
A
% lﬁ |
/’“\\/ r4
/

o l

PCT/US2005/004226

3D




WO 2005/078437

VOLTAGE
0.6V

0.3V
0V

CURRENT
1.5 pA

0 nA

CURRENT
2 LA

0 LA

CA 02554060 2006-07-19

5/5
A
|
t ¢ h B3 1
A b
/
|b1 Ir4 |r5
/[ /
/
|
b 4 b Y
A
Vi \Iils
I
Iy /
| |
b Yt Y &

PCT/US2005/004226

4b

4c



10

30

20

12




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - abstract drawing

