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(57) ABSTRACT 

This invention describes an electrochemical sensor Which is 
adapted to reduce the effects of interfering compounds in 
bodily ?uids When measuring an analyte in such ?uids using 
an electrochemical strip. The sensor includes a substrate, a 
?rst and second Working electrodes, and a reference elec 
trode. Areagent layer is disposed on the electrodes such that, 
in one embodiment it completely covers all of the ?rst 
Working electrode, but only partially covers the second 
Working electrode and, in a second embodiment, it only 
covers a portion of the ?rst and the second Working elec 
trode. The portion of the Working electrodes not covered by 
the reagent layer and is used to correct for the interference 
effect on the analyte measurement. 



Patent Application Publication Jun. 23, 2005 Sheet 1 0f 13 US 2005/0133368 A1 



Patent Application Publication Jun. 23, 2005 Sheet 2 0f 13 US 2005/0133368 A1 

.WM 

_ 1| _n|_ _14_3_ 
_ L .8. Q _S_.L._ _ _. _ ._ ...V_ 

_ _ _ _ _ _ _ _ _ _ _ _ 

- _ - __ - - 
_ _ _ _ _ _ 

_ _ _ _ _._ 
_ _ _ _._ _ 

_ _ _ _ _ _ . _ _ _ _ _ 
u _ _ _ _ _ 

. . _ _ _ _ a _ . _ _ _ 

u . _ _ _ _ 

_ _ _ _ 
_ _ _ _ 

u _ _ 

12 

Fill-ll \ 
w 2 

. 

w 0 , 4 _ _ _ i .1 1 _ _ 
_ t _ _ 

m .2 _ n _ _ _ _ _ _ _ _ _ _. _ 

_ _ _ _ _ _ _ _ _ 
_ _ _ _ ‘Ila! 

_ _ 5 _ _‘ _ .L _ 

_ _ _ rl. Y _ _ A. _ _ _ L _ _ 

FIG. 2‘ 



Patent Application Publication Jun. 23, 2005 Sheet 3 0f 13 US 2005/0133368 A1 

12u 

FIG. 3 



Patent Application Publication Jun. 23, 2005 Sheet 4 0f 13 US 2005/0133368 A1 





Patent Application Publication Jun. 23, 2005 Sheet 6 0f 13 US 2005/0133368 A1 

162 / 
102u . 

110 

v 104 

' 100 

102:: 

H6. 7 



Patent Application Publication 

1021: 

100 

104 

Jun. 23, 2005 Sheet 7 0f 13 US 2005/0133368 A1 

3000 

110 

102 

1020 

3002 

FIG. 8 



Patent Application Publication Jun. 23, 2005 Sheet 8 0f 13 US 2005/0133368 A1 

2000 

zoom/X‘ 
200a //_‘\ 

fwoosu 
/\2008o 

/ .2004 

2006u”,_\__, \V/ \zoosu 

,/‘_\L 20060 ; 

:+>4 
\- 200s 

\_/" 2002 

FIG. 9 



Patent Application Publication Jun. 23, 2005 Sheet 9 0f 13 US 2005/0133368 A1 

-' \\\\\\\\ 

\\\\\§J 
Y 

6 1 

I FIG.1O ' 



US 2005/0133368 A1 

cm 2 9 m o . 

Patent Application Publication Jun. 23, 2005 Sheet 10 0f 13 

: .oz :25 E2 25 

8.0. 

_ _ 

.. 0N6 - 02 

$89 + $8.0 " > 

53 

4 , ‘ ASEmQEEV 

E250 

| 8.0 

v ‘ O3 

830 + $5.0 u > 

owe ow. F 



Patent Application Publication Jun. 23, 2005 Sheet 11 0f 13 US 2005/0133368 Al 

N? .91 
:25 U2 0.5 

ON 2 2 

_ t _ 

= a2: + 580 u > 

4 A. 

$3 + $5.0 l %\\\\. 
S U 

I11 5 

8.? com 

258.25 2950 



Patent Application Publication Jun. 23, 2005 Sheet 12 0f 13 US 2005/0133368 A1 

FIG. 13 



Patent Application Publication Jun. 23, 2005 Sheet 13 0f 13 US 2005/0133368 A1 

62,162,800, _ 

‘2000, 3000, or 1 

5000 ,~\ ~\ ._\ 
1,3, 103, or 11, 101, or 1-5, 105', or 

L 812 ' .814 816 - 

FIG. 14 



US 2005/0133368 A1 

ELECTROCHEMICAL TEST STRIP FOR 
REDUCING THE EFFECT OF DIRECT 

INTERFERENCE CURRENT 

PRIORITY 

[0001] The present invention claims priority to the fol 
lowing U.S. Provisional Applications: US. Provisional 
Application Ser. No. 60/516,252 ?led on Oct. 31, 2003; US. 
Provisional Application Ser. No. 60/558,424 ?led on Mar. 
31, 2004; and US. Provisional Application Ser. No. 60/558, 
728 ?led on Mar. 31, 2004. Which applications are hereby 
incorporated herein by reference. 

RELATED APPLICATIONS 

[0002] The present invention is related to the following 
co-pending U.S. applications: US. patent application Ser. 
No. [Attorney Docket Number DDI-5027 USNP], 
?led on Oct. 29, 2004; US. patent application Ser. No. 

[Attorney Docket Number DDI-5042 USNP], ?led 
on Oct. 29, 2004; US. patent application Ser. No. 
[Attorney Docket Number DDI-5065], ?led on Oct. 29, 
2004; US. patent application Ser. No. [Attorney 
Docket Number DDI-5066], ?led on Oct. 29, 2004; and US. 
patent application Ser. No. [Attorney Docket Num 
ber DDI-5067], ?led on Oct. 29, 2004. 

FIELD OF THE INVENTION 

[0003] The present invention is related, in general to 
electrochemical strips and systems Which are designed to 
reduce the effect of interfering compounds on measurements 
taken by such analyte measurement systems and, more 
particularly, to an improved electrochemical strip for reduc 
ing the effects of direct interference currents in a glucose 
monitoring system Wherein the electrochemical strip has 
electrodes With uncoated regions. 

BACKGROUND OF INVENTION 

[0004] In many cases, an electrochemical glucose mea 
suring system may have an elevated oxidation current due to 
the oxidation of interfering compounds commonly found in 
physiological ?uids such as, for example, acetaminophen, 
ascorbic acid, bilirubin, dopamine, gentisic acid, glu 
tathione, levodopa, methyldopa, tolaZimide, tolbutamide, 
and uric acid. The accuracy of glucose meters may, there 
fore, be improved by reducing or eliminating the portion of 
the oxidation current generated by interfering compounds. 
Ideally, there should be no oxidation current generated from 
any of the interfering compounds so that the entire oxidation 
current Would depend only on the glucose concentration. 

[0005] It is, therefore, desirable to improve the accuracy of 
electrochemical sensors in the presence of potentially inter 
fering compounds such as, for example, ascorbate, urate, 
and, acetaminophen, commonly found in physiological ?u 
ids. Examples of analytes for such electrochemical sensors 
may include glucose, lactate, and fructosamine. Although 
glucose Will be the main analyte discussed, it Will be obvious 
to one skilled in the art that the invention set forth herein 
may also be used With other analytes. 

[0006] Oxidation current may be generated in several 
Ways. In particular, desirable oxidation current results from 
the interaction of the mediator With the analyte of interest 
(e.g., glucose) While undesirable oxidation current is gen 
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erally comprised of interfering compounds being oxidiZed at 
the electrode surface and by interaction With the mediator. 
For example, some interfering compounds (e.g., acetomi 
nophen) are oxidiZed at the electrode surface. Other inter 
fering compounds (e.g., ascorbic acid), are oxidiZed by 
chemical reaction With the mediator. This oxidation of the 
interfering compound in a glucose measuring system causes 
the measured oxidation current to be dependent on the 
concentration of both the glucose and any interfering com 
pound. Therefore, in the situation Where the concentration of 
interfering compound oxidiZes as ef?ciently as glucose and 
the interferent concentration is high relative to the glucose 
concentration, the measurement of the glucose concentration 
Would be improved by reducing or eliminating the contri 
bution of the interfering compounds to the total oxidation 
current. 

[0007] One knoWn strategy that can be used to decrease 
the effects of interfering compounds is to use a negatively 
charged membrane to cover the Working electrode. As an 
example, a sulfonated ?uoropolymer such as NAFIONTM 
may be used to repel all negatively charged chemicals. In 
general, most interfering compounds such as ascorbate and 
urate have a negative charge, thus, the negatively charged 
membrane prevents the negatively charged interfering com 
pounds from reaching the electrode surface and being oxi 
diZed at that surface. HoWever, this technique is not alWays 
successful since some interfering compounds such as 
acetaminophen do not have a net negative charge, and thus, 
can pass through a negatively charged membrane. Nor 
Would this technique reduce the oxidation current resulting 
from the interaction of interfering compounds With some 
mediators. The use of a negatively charged membrane on the 
Working electrode could also prevent some commonly used 
mediators, such as ferricyanide, from passing through the 
negatively charged membrane to exchange electrons With 
the electrode. 

[0008] Another knoWn strategy that can be used to 
decrease the effects of interfering compounds is to use a siZe 
selective membrane on top of the Working electrode. As an 
example, a 100 Dalton exclusion membrane such as cellu 
lose acetate may be used to cover the Working electrode to 
exclude all chemicals With a molecular Weight greater than 
100 Daltons. In general, most interfering compounds have a 
molecular Weight greater than 100 Daltons, and thus, are 
excluded from being oxidiZed at the electrode surface. 
HoWever, such selective membranes typically make the test 
strip more complicated to manufacture and increase the test 
time because the oxidiZed glucose must diffuse through the 
selective membrane to get to the electrode. 

[0009] Another strategy that can be used to decrease the 
effects of interfering compounds is to use a mediator With a 
loW redox potential, for example, betWeen about —300 mV 
and +100 mV (When measured With respect to a saturated 
calomel electrode). Because the mediator has a loW redox 
potential, the voltage applied to the Working electrode may 
also be relatively loW Which, in turn, decreases the rate at 
Which interfering compounds are oxidiZed by the Working 
electrode. Examples of mediators having a relatively loW 
redox potential include osmium bipyridyl complexes, fer 
rocene derivatives, and quinone derivatives. A disadvantage 
of this strategy is that mediators having a relatively loW 
potential are often dif?cult to synthesiZe, unstable and have 
a loW Water solubility. 
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[0010] Another known strategy that can be used to 
decrease the effects of interfering compounds is to use a 
dummy electrode Which is coated With a mediator. In some 
instances the dummy electrode may also be coated With an 
inert protein or deactivated redox enZyme. The purpose of 
the dummy electrode is to oxidiZe the interfering compound 
at the electrode surface and/or to oxidiZe the mediator 
reduced by the interfering compound. In this strategy, the 
current measured at the dummy electrode is subtracted from 
the total oxidiZing current measured at the Working electrode 
to remove the interference effect. A disadvantage of this 
strategy is that it requires that the test strip include an 
additional electrode and electrical connection (i.e., the 
dummy electrode) Which cannot be used to measure glucose. 
The inclusion of dummy electrode is an inef?cient use of an 
electrode in a glucose measuring system. 

SUMMARY OF INVENTION 

[0011] The invention described herein is directed to an 
electrochemical sensor Which reduces the effects of inter 
ferences. An electrochemical sensor according to the present 
invention includes a substrate, at least ?rst and second 
Working electrodes and a reference electrode. In one 
embodiment of an electrochemical sensor according to the 
present invention, a reagent layer is disposed on the elec 
trodes such that it completely covers all of the ?rst Working 
electrode and only partially covers the second Working 
electrode. In a method according to the present invention, 
the oxidation current generated at the portion of the second 
Working electrode not covered by the reagent layer is used 
to correct for the effect of interfering substances on the 
glucose measurement. 

[0012] In one embodiment of the present invention, the 
electrochemical glucose test strip includes a ?rst and second 
Working electrodes, Where the ?rst Working electrode is 
completely covered With a reagent layer and the second 
Working electrode is only partially covered With the reagent 
layer. Thus, the second Working electrode has a reagent 
coated area and an uncoated area. The reagent layer may 
include, for example, a redox enZyme such as glucose 
oxidase and a mediator such as, for example, ferricyanide. 
The ?rst Working electrode Will have a superposition of tWo 
oxidation current sources, one from glucose and a second 
from interferents. Similarly, the second Working electrode 
Will have a superposition of three oxidation current sources 
from glucose, interferents at the reagent coated portion, and 
interferents at the uncoated portion. The uncoated portion of 
the second Working electrode Will only oxidiZe interferents 
and not oxidiZe glucose because there is no reagent is in this 
area. The oxidation current measured at the uncoated portion 
of the second Working electrode may then be used to 
estimate the total interferent oxidation current and calculate 
a corrected oxidation current Which removes the effects of 
interferences. 

[0013] In an alternative strip embodiment according to the 
present invention, the electrochemical glucose test strip 
includes a ?rst and second Working electrodes, Where the 
?rst and second Working electrode are only partially covered 
With the reagent layer. Thus, in this embodiment both the 
?rst and second Working electrode have a reagent coated 
portion and an uncoated portion. The ?rst uncovered area of 
the ?rst Working electrode and the second uncovered area of 
the second Working electrode are different. The oxidation 
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current measured at the uncoated portion of the ?rst and 
second Working electrodes are used to estimate the interfer 
ent oxidation current for the uncoated portion and to calcu 
late a corrected glucose current. 

BRIEF DESCRIPTION OF DRAWINGS 

[0014] A better understanding of the features and advan 
tages of the present invention Will be obtained by reference 
to the folloWing detailed description that sets forth illustra 
tive embodiments, in Which the principles of the invention 
are utiliZed, and the accompanying draWings, of Which: 

[0015] FIG. 1 is an exploded perspective vieW of a test 
strip according to an embodiment of the present invention; 

[0016] FIG. 2 is a simpli?ed plane vieW of a distal portion 
of a test strip according to the embodiment of the present 
invention illustrated in FIG. 1 including a conductive layer 
and an insulation layer; 

[0017] FIG. 3 is a simpli?ed plane vieW of a distal portion 
of a test strip according to the embodiment of the present 
invention illustrated in FIG. 1 Wherein the position of a 
reagent layer is illustrated With the conductive layer and the 
insulation layer; 

[0018] FIG. 4 is an exploded perspective vieW of a test 
strip according to a further embodiment of the present 
invention; 
[0019] FIG. 5 is a simpli?ed plane vieW of a distal portion 
of a test strip according to the embodiment of the present 
invention illustrated in FIG. 4 including of a conductive 
layer and an insulation layer; and 

[0020] FIG. 6 is a simpli?ed plane vieW of a distal portion 
of a test strip according to the embodiment of the present 
invention illustrated in FIG. 4 Wherein a reagent layer is 
illustrated With the conductive layer and the insulation layer. 

[0021] FIG. 7 is a simpli?ed plane vieW of a distal portion 
of a test strip according to the embodiment of the present 
invention illustrated in FIG. 4 Wherein a reagent layer is 
illustrated With the conductive layer. 

[0022] FIG. 8 is a simpli?ed plane vieW of a distal portion 
of a test strip according to another embodiment of the 
present invention Wherein a reagent layer is illustrated With 
the conductive layer that helps reduce an IR drop effect. 

[0023] FIG. 9 is a simpli?ed plane vieW of a distal portion 
of a test strip according to yet another embodiment of the 
present invention Wherein a reagent layer is illustrated With 
the conductive layer and the insulation layer such there are 
tWo Working electrodes that have an uncoated portion. 

[0024] FIG. 10 is a simpli?ed plane vieW of a distal 
portion of a test strip according to still yet another embodi 
ment of the present invention Wherein a reagent layer is 
illustrated With the conductive layer and the insulation layer 
such there are tWo Working electrodes that have an uncoated 
portion. 
[0025] FIG. 11 is a graph shoWing the current at a ?rst 
Working electrode of a strip designed in accordance With the 
present invention tested With 70 mg/dL glucose samples in 
blood spiked With varying levels of uric acid. 

[0026] FIG. 12 is a graph shoWing the current at a ?rst 
Working electrode at a strip designed in accordance With the 
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present invention tested With 240 mg/dL glucose samples in 
blood spiked With varying levels of uric acid. 

[0027] FIG. 13 is an exploded perspective vieW of a test 
strip that has an integrated lance. 

[0028] FIG. 14 is a simpli?ed schematic shoWing a meter 
interfacing With a test strip that has a ?rst contact, second 
contact, and reference contact disposed on a substrate. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0029] This invention described herein includes a test strip 
and method for improving the selectivity of an electrochemi 
cal glucose measuring system. 

[0030] FIG. 1 is an exploded perspective vieW of a test 
strip according to a ?rst embodiment of the present inven 
tion. In the embodiment of the present invention illustrated 
in FIG. 1, an electrochemical test strip 62, Which may be 
used for measuring glucose concentration in bodily ?uids 
such as blood or interstitial ?uid, includes a ?rst Working 
electrode 10 and a second Working electrode 12, Where ?rst 
Working electrode 10 is completely covered With a reagent 
layer 22 and second Working electrode 12 is only partially 
covered With reagent layer 22. Thus, the second Working 
electrode has a reagent coated portion and an uncoated 
portion. Reagent layer 22 may include, for example, a redox 
enZyme such as, for example, glucose oxidase and a media 
tor such as, for example, ferricyanide. Because ferricyanide 
has a redox potential of approximately 400 mV (When 
measured With respect to a saturated calomel electrode) at a 
carbon electrode, the introduction of a bodily ?uid e.g., 
blood may generate a signi?cant oxidation of interferents by 
the mediator and/or the Working electrode. Therefore, the 
oxidation current measured at ?rst Working electrode 10 Will 
be a superposition of oxidation current sources: a ?rst, 
desirable, oxidation current generated by the oxidation of 
glucose and a second, undesirable, oxidation current gener 
ated by the interferents. The oxidation current measured at 
second Working electrode 12 Will also be a superposition of 
oxidation current sources: a ?rst, desirable oxidation current 
generated by the oxidation of glucose, a second, undesirable 
oxidation current generated by interferents at the covered 
portion of Working electrode 12 and a third oxidation current 
generated by interferents at the uncovered portion of Work 
ing electrode 12. The uncoated portion of second Working 
electrode 12 Will only oxidiZe interferents and not oxidiZe 
glucose because there is no reagent on the uncoated portion 
of second Working electrode 12. Because the oxidation 
current measured at the uncoated portion of second Working 
electrode 12 does not depend on glucose and the uncoated 
area of second Working electrode 12 is knoWn, it is possible 
to calculate the interferent oxidation current for the uncoated 
portion of the second Working electrode 12. In turn, using 
the interferent oxidation current calculated for the uncoated 
portion of second Working electrode 12 and knoWing the 
area of ?rst Working electrode 10 and the area of the coated 
portion of second Working electrode 12, it is possible to 
calculate a corrected glucose current Which accounts for the 
effects of interfering compounds oxidiZed at the electrode. 

[0031] FIG. 1 is an exploded perspective vieW of a test 
strip 62 according to a ?rst embodiment of the present 
invention. Test strip 62, as illustrated in FIG. 1, may be 
manufactured by a series of 6 consecutive printing steps 
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Which lay doWn six layers of material on substrate 50. The 
six layers may be deposited by, for example, screen printing 
on substrate 50. In an embodiment of this invention, the 6 
layers may include a conductive layer 64, an insulation layer 
16, a reagent layer 22, an adhesive layer 66, a hydrophilic 
layer 68, and a top layer 40. Conductive layer 64 may further 
includes ?rst Working electrode 10, second Working elec 
trode 12, reference electrode 14, ?rst contact 11, second 
contact 13, reference contact 15, and strip detection bar 17. 
Insulation layer 16 may further include cutout 18. Adhesive 
layer 66 may further include ?rst adhesive pad 24, second 
adhesive pad 26, and third adhesive pads 28. Hydrophilic 
layer 68 may further include ?rst hydrophilic ?lm 32, and 
second hydrophilic ?lm 34. Top layer 40 may further 
includes a clear portion 36 and opaque portion 38. Test strip 
62 has a ?rst side 54 and second side 56, a distal electrode 
side 58, and a proximal electrode side 60 as illustrated in 
FIG. 1. The folloWing sections Will describe the respective 
layers of test strip 62 in more detail. 

[0032] In one embodiment of the present invention, sub 
strate 50 is an electrically insulating material such as plastic, 
glass, ceramic, and the like. In a preferred embodiment of 
this invention, substrate 50 may be a plastic such as, for 
example, nylon, polycarbonate, polyimide, polyvinylchlo 
ride, polyethylene, polypropylene, PETG, or polyester. 
More particularly the polyester may be, for example 
Melinex® ST328 Which is manufactured by DuPont Teijin 
Films. Substrate 50 may also include an acrylic coating 
Which is applied to one or both sides to improve ink 
adhesion. 

[0033] The ?rst layer deposited on substrate 50 is conduc 
tive layer 64 Which includes ?rst Working electrode 10, 
second Working electrode 12, reference electrode 14, and 
strip detection bar 17. In accordance With the present inven 
tion, a screen mesh With an emulsion pattern may be used to 
deposit a material such as, for example, a conductive carbon 
ink in a de?ned geometry as illustrated in FIG. 1. Reference 
electrode 14 may also be a counter electrode, a reference/ 
counter electrode, or a quasi-reference electrode. Conduc 
tive layer 64 may be disposed on substrate 50 by using 
screen printing, rotogravure printing, sputtering, evapora 
tion, electroless plating, ink jetting, sublimation, chemical 
vapor deposition, and the like. Suitable materials Which may 
be used for conductive layer 64 are Au, Pd, Ir, Pt, Rh, 
stainless steel, doped tin oxide, carbon, and the like. In an 
embodiment of this invention, the carbon ink layer may have 
a height betWeen 1 and 100 microns, more particularly 
betWeen 5 and 25 microns, and yet even more particularly at 
approximately 13 microns. The height of the conductive 
layer can vary depending on the desired resistance of the 
conductive layer and the conductivity of the material used 
for printing the conductive layer. 

[0034] First contact 11, second contact 13, and reference 
contact 15 may be used to electrically interface With a meter. 
This alloWs the meter to electrically communicate to ?rst 
Working electrode 10, second Working electrode 12, and 
reference electrode 14 via, respective, ?rst contact 11, sec 
ond contact 13, and reference contact 15. 

[0035] The second layer deposited on substrate 50 is 
insulation layer 16. Insulation layer 16 is disposed on at least 
a portion of conductive layer 64 as shoWn in FIG. 1. FIG. 
2 is a simpli?ed plane vieW of a distal portion of test strip 
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62 Which highlights the position of ?rst Working electrode 
10, second Working electrode 12, and reference electrode 14 
With respect to insulation layer 16. Insulation layer 16 
further includes a cutout 18 Which may have a T-shaped 
structure as shoWn in FIGS. 1 and 2. Cutout 18 exposes a 
portions of ?rst Working electrode 10, second Working 
electrode 12, and reference electrode 14 Which can be Wetted 
With liquid. Cutout 18 further includes a distal cutout Width 
W1, proximal cutout Width W2, a distal cutout length L4 and 
a proximal cutout length L5. Distal cutout Width W1 corre 
sponds to the Width of ?rst Working electrode 10 and 
reference electrode 14 as illustrated in FIG. 2. Distal cutout 
length L4 corresponds to a length Which is greater than both 
?rst Working electrode 10 and reference electrode 14 
together. Proximal cutout Width W2 and proximal cutout 
length LS form a rectangular section Which exposes the 
Width and length of second Working electrode 12. In accor 
dance With the present invention, distal cutout Width W1, 
proximal cutout Width W2, distal cutout length L4 and 
proximal cutout length L5 may have a respective dimension 
of approximately 0.7, 1.9, 3.2, and 0.43 mm. In one embodi 
ment of the present invention, ?rst Working electrode 10, 
reference electrode 14, and second Working electrode 12 
have a respective length of L1, L2, and L3 Which may be 
about 0.8, 1.6, and 0.4 mm. In accordance With the present 
invention, electrode spacing S1 is a distance betWeen ?rst 
Working electrode 10 and reference electrode 14; and 
betWeen reference electrode 14 and second Working elec 
trode 12 Which may be about 0.4 mm. 

[0036] The third layer deposited on substrate 50 is a 
reagent layer 22. Reagent layer 22 is disposed on at least a 
portion of conductive layer 64 and insulation layer 16 as 
shoWn in FIGS. 1. FIG. 3 is a simpli?ed plane vieW of a 
distal portion of test strip 62 according to the ?rst embodi 
ment of the present invention Which highlights the position 
of reagent layer 22 With respect to ?rst Working electrode 10, 
second Working electrode 12, reference electrode 14, and 
insulation layer 16. Reagent layer 22 may be in the shape of 
a rectangle having a reagent Width W3 and a reagent length 
L6 as illustrated in FIGS. 1 and 3. In one embodiment of the 
invention, reagent Width W3 may be about 1.3 mm and 
reagent length L6 may be about 4.7 mm. In a further 
embodiment of the present invention, reagent layer 22 has a 
sufficiently large Width W3 and length L6 such that reagent 
layer 22 completely covers ?rst Working electrode 10 and 
reference electrode 14. HoWever, reagent layer 22 has an 
appropriately siZed Width W3 and length L6 such that 
second Working electrode is not completely covered With 
reagent layer 22. In such a scenario, second Working elec 
trode 12 has a coated portion 12c and an uncoated portions 
1214 as illustrated in FIG. 3. Uncoated portions 1214 may be 
in the shape of tWo rectangles Where uncoated portions 1214 
has a Wing Width W4 and a length that corresponds to second 
Working electrode length L3. As a non-limiting example, 
Wing Width W4 may be about 0.3 mm. In one embodiment 
of the present invention, reagent layer 22 may include a 
redox enZyme such as, for example, glucose oxidase or 
PQQ-glucose dehydrogenase (Where PQQ is an acronym for 
pyrrolo-quinoline-quinone) and a mediator such as, for 
example, ferricyanide. 
[0037] The fourth layer deposited on substrate 50 is an 
adhesive layer 66 Which includes a ?rst adhesive pad 24, a 
second adhesive pad 26, and a third adhesive pad 28. First 
adhesive pad 24 and second adhesive pad 26 form the Walls 
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of a sample receiving chamber. In one embodiment of the 
present invention, ?rst adhesive pad 24 and second adhesive 
pad 26 may be disposed on substrate 50 such that neither of 
the adhesive pads touches reagent layer 22. In another 
embodiments of the present invention Where the strip vol 
ume needs to be reduced, ?rst adhesive pad 24 and/or second 
adhesive pad 26 may be disposed on substrate 50 such there 
is overlap With reagent layer 22. In an embodiment of the 
present invention, adhesive layer 66 has a height of about 70 
to 110 microns. Adhesive layer 66 may include a double 
sided pressure sensitive adhesive, a UV cured adhesive, heat 
activated adhesive, thermosetting plastic, or other adhesive 
knoWn to those skilled in the art. As a non-limiting example, 
adhesive layer 66 may be formed by screen printing a 
pressure sensitive adhesive such as, for example, a Water 
based acrylic copolymer pressure sensitive adhesive Which 
is commercially available from Tape Specialties LTD in 
Tring, Herts, United Kingdom (part#A6435). 

[0038] The ?fth layer deposited on substrate 50 is a 
hydrophilic layer 68 Which includes a ?rst hydrophilic ?lm 
32 and second hydrophilic ?lm 34 as illustrated in FIG. 1. 
Hydrophilic layer 68 forms the “roof” of the sample receiv 
ing chamber. The “side Walls” and “?oor” of the sample 
receiving chamber are formed by a portion of adhesive layer 
66 and substrate 50, respectively. As a non-limiting example, 
hydrophilic layer 68 may be an optically transparent poly 
ester With a hydrophilic anti-fog coating such as those 
commercially obtained from 3M. The hydrophilic nature of 
the coating is used in the design of strip 62 because it 
facilitates ?lling of liquid into the sample receiving cham 
ber. 

[0039] The sixth and ?nal layer deposited on substrate 50 
is a top layer 40 Which includes a clear portion 36 and 
opaque portion 38 as illustrated in FIG. 1. In accordance 
With the present invention, top layer 40 includes a polyester 
Which is coated on one side With a pressure sensitive 
adhesive. Top layer 40 has an opaque portion 38 Which helps 
the user observe a high degree of contrast When blood is 
underneath clear portion 36. This alloWs a user to visually 
con?rm that the sample receiving chamber is suf?ciently 
?lled. After strip 62 is fully laminated, it is cut along incision 
line A-A‘ and in the process creates sample inlet 52 as 
illustrated in FIG. 3. 

[0040] The ?rst test strip embodiment as illustrated in 
FIGS. 1-3 may have a possible draWback in that reagent 
layer 22 may dissolve in a liquid sample and move a portion 
of the dissolved reagent layer over the uncoated portions 1214 
of second Working electrode 12. If such a scenario Were to 
occur, uncoated portions 1214 Would also measure an oxida 
tion current that is also proportional to the glucose concen 
tration. This Would degrade the ability to use mathematical 
algorithms for removing the effect of interferent oxidation. 
In an alternative embodiment of the present invention, 
reagent layer 22 should be designed to dissolve in such a 
Way that it does not migrate to uncoated portions 1214. For 
example, reagent layer 22 may be chemically bound to the 
?rst Working electrode 10, second Working electrode 12, and 
reference electrode 14 or may have a thickening agent that 
minimiZes the migration of dissolved reagent layer 22. 

[0041] A further embodiment of the present invention as 
illustrated in FIG. 4, the embodiment illustrated in FIG. 4 
reduces, and in certain circumstances minimiZes, the immi 
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gration of dissolved reagent to an uncoated portion of the 
second Working electrode. In this embodiment, second 
Working electrode 102 has a C-shaped geometry Where 2 
discrete portions of second Working electrode 102 are 
exposed by cutout 108 as illustrated in FIG. 4. In accordance 
With the present invention, reagent layer 110 is disposed on 
only a portion of second Working electrode 102 to form an 
uncoated portion 10214 and coated portion 102c as illustrated 
in FIG. 6. Uncoated portion 10214 is adjacent to sample inlet 
52. Coated portion 102c is adjacent to ?rst Working elec 
trode 100. When applying liquid to sample inlet 52 of an 
assembled test strip 162, the liquid Will ?oW from sample 
inlet 52 to coated portion 102c until all electrodes are 
covered With liquid. By positioning uncoated portion 102u 
upstream of the liquid ?oW, this almost entirely prevents 
reagent layer 110 from dissolving and migrating to uncoated 
portion 10214. This enables the mathematical algorithm to 
accurately remove the effects of interferents from the mea 
sured oxidation current. 

[0042] FIG. 4 is an exploded perspective vieW of a test 
strip 162. Test strip 162 is manufactured in a manner similar 
to test strip 62 except that there are geometric or positional 
changes to a conductive layer 164, an insulation layer 106, 
and a reagent layer 110. For the second embodiment of this 
invention, substrate 50, adhesive layer 66, hydrophilic layer 
68, and top layer 40 are the same as the ?rst strip embodi 
ment. Test strip 162 has a ?rst side 54 and second side 56, 
a distal electrode side 58, and a proximal electrode side 60. 
It should also be noted that the ?rst and second test strip 
embodiment of the present invention may have elements 
With similar structure Which are denoted With the same 
element number and name. If analogous elements betWeen 
the respective test strip embodiments are different in struc 
ture, the elements may have the same name, but be denoted 
With a different element number. The folloWing sections Will 
describe the respective layers of test strip 162 in more detail. 

[0043] For the strip embodiment illustrated in FIG. 4, the 
?rst layer deposited on substrate 50 is conductive layer 164 
Which includes ?rst Working electrode 100, second Working 
electrode 102, reference electrode 104, ?rst contact 101, 
second contact 103, and reference contact 105, and strip 
detection bar 17. In accordance With the present invention, 
a screen mesh With an emulsion pattern may be used to 
deposit a material such as, for example, a conductive carbon 
ink in a de?ned geometry as illustrated in FIG. 4. First 
contact 101, second contact 103, and reference contact 105 
may be used to electrically interface With a meter. This 
alloWs the meter to electrically communicate to ?rst Working 
electrode 100, second Working electrode 102, and reference 
electrode 104 via, respective, ?rst contact 101, second 
contact 103, and reference contact 105. 

[0044] The second layer deposited on substrate 50 in FIG. 
4 is insulation layer 106. Insulation layer 106 is disposed on 
at least a portion of conductive layer 164 as shoWn in FIG. 
4. FIG. 5 is a simpli?ed plane vieW of a distal portion of test 
strip 162 Which highlights the position of ?rst Working 
electrode 100, second Working electrode 102, and reference 
electrode 104 With respect to insulation layer 106. 

[0045] The third layer deposited on substrate 50 in FIG. 4 
is a reagent layer 110 such that reagent layer 110 is disposed 
on at least a portion of conductive layer 164 and insulation 
layer 106 as shoWn in FIG. 6. FIG. 6 is a simpli?ed plane 
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vieW of a distal portion of test strip 162 according to the 
second embodiment of the present invention Which high 
lights the position of reagent layer 110 With respect to ?rst 
Working electrode 100, second Working electrode 102, ref 
erence electrode 104, and insulation layer 106. Reagent 
layer 110 may be in the shape of a rectangle having a reagent 
Width W13 and a reagent length L16. In one embodiment of 
this invention, reagent Width W13 may be about 1.3 mm and 
reagent length L16 may be about 3.2 mm. In a preferred 
embodiment of the present invention, reagent layer 110 has 
a suf?cient Width W13 and length L16 such that reagent 
layer 110 completely covers ?rst Working electrode 100, 
coated portion 102c, and reference electrode 104, but does 
not cover uncoated portion 10214. 

[0046] FIG. 7 is a simpli?ed plane vieW of a distal portion 
of a test strip according to the embodiment of the present 
invention illustrated in FIG. 4 Wherein a reagent layer is 
illustrated With the conductive layer. In contrast to FIG. 6, 
FIG. 7 does not shoW insulation layer 106. This helps 
demonstrate the conductive relationship betWeen uncoated 
portion 10214 and coated portion 102c Which Was hidden 
underneath the opaque character of insulation layer 106. 

[0047] For the strip embodiment illustrated in FIG. 4, 
insulation layer 106 is used to de?ne the Width of the ?rst 
Working electrode 100, second Working electrode 102, and 
reference electrode 104. Insulation layer 106 further 
includes a cutout 108 Which may have a T-shaped structure 
as shoWn in FIG. 4 to 6. Cutout 108 exposes a portion of ?rst 
Working electrode 100, second Working electrode 102, and 
reference electrode 104 Which can be Wetted With liquid. 
Cutout 108 further includes a distal cutout Width W11, 
proximal cutout Width W12, a distal cutout length L14 and 
a proximal cutout length L15 as illustrated in FIG. 5 and 6. 
Distal cutout Width W11 corresponds to the Width of 
uncoated portion 102u. Distal cutout length L14 is greater 
than the length uncoated portion 102u. Proximal cutout 
Width W12 and proximal cutout length L15 forms a rectan 
gular section Which approximately exposes the Width and 
length of ?rst Working electrode 100, reference electrode 
104, and coated portion 102c. 

[0048] In accordance With the present invention, distal 
cutout Width W11, proximal cutout Width W12, distal cutout 
length L14 and proximal cutout length L15 may have a 
respective dimension of approximately 1.1, 0.7, 2.5, and 2.6 
mm. 

[0049] In the embodiment of FIG. 4, uncoated portion 
102u, reference electrode 104, ?rst Working electrode 100, 
and coated portion 102c have a respective length of L10, 
L12, L11, and L13 Which may be about 0.7, 0.7, 0.4, and 0.4 
mm. Electrode spacing S11 is a distance betWeen uncoated 
portion 10214 and reference electrode 104 Which may be 
betWeen about 0.2 to 0.75 mm, and more preferably betWeen 
0.6 to 0.75 mm. Electrode spacing S10 is a distance betWeen 
reference electrode 104 and ?rst Working electrode 100; and 
betWeen coated portion 102c and ?rst Working electrode 100 
Which may be about 0.2 mm. It should be noted that 
electrode spacing S11 is greater than S10 to decrease the 
possibility of reagent dissolving and migrating to uncoated 
portion 102u. Additionally, electrode spacing S11 is greater 
than S10 to decrease the possibility of reagent layer 110 
being disposed on uncoated portion 102u because of varia 
tions in the printing process. The fourth through sixth layer 
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Which is successively disposed on strip 162 in the same 
manner as the ?rst strip embodiment. The relative position 
and shape of the adhesive layer 66, hydrophilic layer 68, and 
top layer 40 are illustrated in FIG. 4. 

[0050] In the embodiment of the invention illustrated in 
FIG. 8, the C-shape of second Working electrode 102 may 
be partially altered so that the order in Which liquid Would 
Wet the electrodes Would be uncoated portion 102u, ?rst 
Working electrode 100, reference electrode 104, and then 
coated portion 102c. In the alternative format, ?rst Working 
electrode 100 and coated portion 102c Would be equidistant 
from reference electrode 104 Which is desirable from an IR 
drop perspective. In the second strip embodiment (i.e. test 
strip 162) illustrated in FIG. 7, the electrodes are arranged 
so that the order in Which liquid Would Wet the electrodes 
Would be uncoated portion 102u, reference electrode 104, 
?rst Working electrode 100, and then coated portion 102c. 
For test strip 162, coated portion 102c is farther aWay from 
reference electrode 104 than the distance betWeen ?rst 
Working electrode 100 and reference electrode 104. 

[0051] An algorithm may, therefore be used to calculate a 
corrected glucose current that is independent of interfer 
ences. After dosing a sample onto a test strip, a constant 
potential is applied to the ?rst and second Working elec 
trodes and a current is measured for both electrodes. At the 
?rst Working electrode Where reagent covers the entire 
electrode area, the folloWing equation can be used to 
describe the components contributing to the oxidation cur 
rent, 

WE1=G+ICOV (Eq 1) 
[0052] Where WE1 is a current density at the ?rst Working 
electrode, G is a current density due to glucose Which is 
independent of interferences, and ICOV is a current density 
due to interferences at the portion of a Working electrode 
covered With reagent. 

[0053] At the second Working electrode Which is partially 
covered With reagent, the folloWing equation can be used to 
describe the components contributing to the oxidation cur 
rent, 

WE2=G+1cQv+1um (Eq 2) 
[0054] Where WE2 is a current density at the second 
Working electrode and Iunc is a current density due to 
interferences at the portion of a Working electrode not 
covered With reagent. 

[0055] To reduce the effects of interferences, an equation 
is formulated Which describes the relationship betWeen the 
interferent current at the coated portion of the second 
Working electrode and the uncoated portion of the second 
Working electrode. It is approximated that the interferent 
oxidation current density measured at the coated portion is 
the same as the current density measured at the uncoated 
portion. This relationship is further described by the folloW 
ing equation, 

A... (Eq 3a) 

[0056] Where ACOV is an area of second Working electrode 
covered With reagent and Aunc is an area of second Working 
electrode not covered With reagent. 
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[0057] Uncoated portions 1214 can oxidiZe interferents, but 
not glucose because it is not coated With reagent layer 22. In 
contrast, coated portion 12c can oxidiZe glucose and inter 
ferents. Because it Was experimentally found that uncoated 
portions 12u oxidiZes interferents in a manner proportional 
to the area of coated portion 12c, it is possible to predict the 
proportion of interferent current measured overall at second 
Working electrode 12. This alloWs the overall current mea 
sured at second Working electrode 12 to be corrected by 
subtracting the contribution of the interferent current. In an 
embodiment of the present invention the ratio of AunczACOV 
may be betWeen about 0.511 to 5:1, and is preferably about 
3:1. More details describing this mathematical algorithm for 
current correction Will be described in a later section. 

[0058] In an alternative embodiment of the present inven 
tion, the interferent oxidation current density measured at 
the coated portion may be different than the current density 
measured at the uncoated portion. This may be ascribed to 
a more ef?cient or less ef?cient oxidation of interferents at 

the coated portion. In one scenario, the presence of a 
mediators may enhance the oxidation of interferences rela 
tive to the uncoated portion. In another scenario, the pres 
ence of viscosity increasing substances such as hydroxyethyl 
cellulose may decrease the oxidation of interferences rela 
tive to the uncoated portion. Depending on the components 
included in the reagent layer Which partially coats the 
second Working electrode, it is possible that the interferent 
oxidation current density measured at the coated portion 
may be more or less than the uncoated portion. This behavior 
may be phenomenologically modeled by re-Writing Equa 
tion 3a to the folloWing form, 

[0059] Where f is a correction factor Which incorporates 
the effects of the interferent oxidation ef?ciency of the 
coated to uncoated portion. 

[0060] In an embodiment of the present invention, Equa 
tion 1, 2, and 3a may be manipulated to derive an equation 
that outputs a corrected glucose current density independent 
of interferences. It should be noted that the three equations 
(Equation 1, 2, and 3a) collectively have 3 unknoWns Which 
are G, ICOV, and lune. Equation 1 can be rearranged to the 
folloWing form. 

(Eq 3b) 

[0061] Next, ICOV from Equation 3a can be substituted into 
Equation 4 to yield Equation 5. 

Ac (Eq 5) 
unc 

[0062] Next, Equation 1 and Equation 2 can be combined 
to yield Equation 6. 

[0063] Next, Iunc from Equation 6 can be substituted into 
Equation 5 to yield Equation 7a. 










