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(57) ABSTRACT 

Disclosed is an improved electrochemical sensor for the 
detection of an analyte in a ?uid test sample. The electro 
chemical sensor is of the type in Which the ?uid test sample 
is draWn into a capillary space and the improvement to the 
sensor involves an arrangement Where a portion of the 
sensor’s counter electrode is placed on the edge of the 
capillary space in a relationship to the sensor’s Working 
electrode such that if the capillary space is not completely 
?lled there Will be generated only a very Weak current. When 
the sensor is connected to a properly programmed current 
detector, the Weak current caused by the under?lling of the 
capillary space Will be detected as an error and Will notify 
the user of the sensor that the test should not be continued. 
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ELECTROCHEMICAL SENSOR 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an electrochemical 
biosensor Which can be used for the determination of a 
speci?c component (analyte) in a ?uid test sample. Electro 
chemical biosensors of the type under consideration are 
disclosed in US. Pat. Nos. 5,120,420 and 5,264,103. These 
devices have an insulating base upon Which carbon elec 
trodes are printed and are then covered With a reagent layer 
comprising a hydrophilic polymer in combination With an 
oXidoreductase speci?c for the analyte. These devices typi 
cally involve a base and a cover Which are separated by a 
generally U-shaped piece as a spacer element, so that When 
the base and cover are mated there is created a capillary 
space containing the electrodes covered by the reagent layer. 
In an alternative structure, the cover is embossed so as to 
form the capillary space When it is mated With the base 
thereby eliminating the need for the spacer element. A 
hydrophilic polymer, e.g. carboXymethyl cellulose or poly 
(ethylene oxide) is used to facilitate the draWing of the 
aqueous test ?uid into the capillary space. 

[0002] In either embodiment, Working and counter elec 
trodes are screen printed onto the base so that an electro 
chemically created current can ?oW When these electrodes 
are electrically connected and a potential is created betWeen 
them. Touching the opening in the end of the sensor to a drop 
of test ?uid such as blood results in the ?uid being draWn 
into the capillary space, so that it covers the reaction layer 
on the surface of the electrode. An enZymatic reaction 
betWeen the oXidoreductase and the analyte creates a ?oW of 
electrons Which are carried to the Working electrode by a 
mediator such as ferricyanide and ?oW through the Working 
electrode to a meter Which measures the magnitude of the 
current ?oW. The counter electrode serves dual purposes. 
First, it provides a ?xed potential against Which the Working 
electrode is controlled. Second, for a tWo electrode system, 
such as that depicted in FIGS. 1 and 2, the counter electrode 
is used to complete the electrical circuit. In this mode, each 
electron that is transferred to the Working electrode is 
returned to the test ?uid at the counter electrode side of the 
cell. The device’s softWare is programmed to correlate the 
magnitude of this ?oW With the concentration of analyte in 
the test sample. In order for this current to ?oW, a complete 
circuit is formed by covering both electrodes With the 
conductive test sample ?uid and applying a potential ther 
ebetWeen. 

[0003] Aproblem Which is sometimes associated With this 
type of sensor occurs When an insufficient amount of blood 
is applied to the opening, so that the counter and Working 
electrodes are not completely covered With the sample. This 
results in an incomplete current ?oWing across the elec 
trodes. Since the amount of analyte detected is directly 
proportional to the current ?oWing through the detection 
meter, failure to completely cover the sensor’s electrodes 
can result in an arti?cially loW reading of the sample’s 
analyte concentration. One technique for dealing With this 
under ?lling problem is claimed in Us. Pat. No. 5,628,890 
Which involves a mechanism for preventing any response 
from being detected When the sample volume is too loW to 
provide an accurate reading. This design involves a strip 
comprising an elongated electrode support de?ning a sample 
transfer path for directional ?oW of the sample from a 
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sample application point. A Working electrode is placed in 
the sample transfer path and a counter or reference electrode 
doWn stream from the Working electrode in the sample 
transfer path. Failure of the test sample to totally cover the 
Working electrode Will result in no response from the 
reading mechanism due to the absence of a closed circuit 
through Which current can ?oW. 

[0004] In co-pending application Ser. No. 09/731,943 
there is disclosed an electrochemical sensor of the type 
described above in Which a small sub-element of the non 
Working electrode is positioned upstream from the Working 
electrode, so that When there is insuf?cient ?oW of electrical 
current through the detector to constitute a valid test for the 
concentration of analyte in the ?uid test sample, the pre 
programmed detector causes the emission of an error signal 
to alert the user of the device that the test result should be 
disregarded. This is achievable because there is generated an 
altered current pro?le in the event the capillary space of the 
sensor is under?lled. It has been discovered, hoWever, that 
the use of the sub-element of the counter electrode, some 
times referred to as the trigger electrode, can result in a 
delayed response in terms of activating the system Which 
delay adds unnecessary time to the duration of the analyte 
assay. This may be due to the loWer initial current being 
generated by the partially covered Working electrode and the 
small trigger electrode in under?lled sensors. 

SUMMARY OF THE INVENTION 

[0005] The present invention is an electrochemical sensor 
for detecting the concentration of analyte, e.g. glucose, in a 
?uid test sample such as blood. The sensor comprises: 

[0006] 1) a base having a front edge Which provides 
a ?oW path for the ?uid test sample Which base has 
on its upper surface a counter electrode and a Work 
ing electrode in electrical communication With a 
detector of electrical current, 

[0007] 2) a reaction layer on the surface of at least the 
Working electrode Which contains an enZyme reac 
tive With the analyte to provide electrons Which are 
transferred to the Working electrode, and 

[0008] 3) a cover Which When mated With the base 
forms a capillary space With an opening for the 
introduction of ?uid test sample into the space and 
Which capillary space encloses the ?oW path for the 
?uid test sample on Which the counter and Working 
electrodes are contained. These electrodes are situ 
ated on the base in relation to the opening, so that a 
major portion of the counter electrode is located 
doWnstream of the opening from the Working elec 
trode. The counter electrode has a sub-element 
located upstream from the Working electrode and 
?ush With the front edge of the base, so that When 
electrical communication betWeen only the sub-ele 
ment of the counter electrode and Working electrode 
due to incomplete ?lling of the capillary space by the 
?uid test sample occurs, there is insuf?cient ?oW of 
electrical current through the detector to constitute a 
valid test for the concentration of analyte in the ?uid 
test sample. In the event of such insufficient ?oW of 
electrical current, the detector, Which is pre-pro 
grammed to do so, gives an error signal to notify the 
user that the test has failed and that it should be 
repeated. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 represents an exploded vieW of a sensor of 
the present invention. 

[0010] FIG. 2 represents the sensor’s base and those 
elements of the sensor Which are applied directly to the base. 

[0011] FIG. 3 represents initial current measured on under 
?lled sensors With a control trigger having eXposed surface 
area on the top of the base. 

DESCRIPTION OF THE INVENTION 

[0012] The construction of the electrochemical sensor 
With Which the present invention is concerned is illustrated 
by FIG. 1. The sensor 34 is made up of insulating base 36 
upon Which is printed in sequence (typically by screen 
printing techniques) an electrical conductor pattern 38, an 
electrode pattern (39 and 40), an insulating (dielectric) 
pattern 42 and a reaction layer 44. The function of the 
reaction layer is to convert glucose, or other analyte in the 
?uid test sample, stoichiometrically into a chemical species 
Which is electrochemically measurable, in terms of the 
electrical current it produces, by the components of the 
electrode pattern. The reaction layer typically contains an 
enZyme Which reacts With the analyte to produce mobile 
electrons and an electron acceptor such as ferricyanide to 
carry the mobile electrons to the surface of the Working 
electrode. The enZyme in the reaction layer can be combined 
With a hydrophilic polymer such as carboXymethylcellulose 
or poly(ethylene oxide). The tWo parts, 39 and 40, of the 
electrode print provide the Working 39 and counter 40 
electrodes necessary for the electrochemical determination 
of the analyte Which is the cruX of the present invention. The 
Working and counter electrodes are con?gured in a manner 
such that the major portion of the counter electrode is 
located doWnstream (in terms of the direction of ?uid ?oW 
along the How path) from the forWard position of the 
Working electrode 39a. This con?guration offers the advan 
tage of alloWing the test ?uid to completely cover the 
eXposed portion of the Working electrode for all cases in 
Which an undetected partial ?ll has occurred. HoWever, 
sub-element 40a of the counter electrode is positioned 
upstream from Working electrode upper element 39a, so that 
When an inadequate amount of ?uid test sample to com 
pletely cover the Working electrode enters the capillary 
space, there Will be formed an electrical connection betWeen 
counter electrode sub-element 40a and the eXposed portion 
of the Working electrode upper part 39a due to the conduc 
tivity of the ?uid sample, e.g. blood. By programming the 
current detector to give an error signal When the current it 
receives is beloW a certain pre-determined level, the sensor 
system can be made to actively advise the user that insuf 
?cient blood has entered the sensor’s cavity and that another 
test for analyte concentration should be conducted. The 
system is designed to give an error signal in the case of a 
short ?ll by generating a current pro?le When the capillary 
space is under?lled Which is different from that Which is 
obtained When there is complete ?lling of the capillary 
space. HoWever, it Was found that this design, requires more 
time than is desirable to activate the assay. This delay may 
be caused by a loWer initial current being generated by the 
electrodes. It has noW been discovered that this delay can be 
shortened or eliminated by printing the sub-element of the 
counter electrode all the Way to the tip of the sensor’s base 
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plate to cause it to be ?ush thereWith. This is preferably 
achieved by printing the sub-element onto the base and then 
cutting the base through the print to leave the sub-element 
?ush With the front edge created by the cutting step. Sensor’s 
of this design trip immediately upon entry of the ?uid test 
sample into the capillary space and the error detection 
feature Will not affect the ?nal glucose readings. While We 
do not intend to be limited by any particular theory of hoW 
the present operates, this is believed to be the result of a 
decreased cell resistance and an increased rest potential of 
the redoX couple in the cell containing a trigger electrode. 

[0013] In one embodiment of the manufacture of the 
sensor of the present invention there are carried out four 
printing passes on the electrode base (36 in FIG. 1). The ?rst 
pass lays doWn the contact leads 38 Which typically com 
prise a silver/carbon ink. The second pass lays doWn the 
Working and counter electrode 39 and 40 Which typically 
comprise carbon With the third pass applying the dielectric 
layer 42 and the fourth printing the reaction layer 44. A 
plurality of base members are typically prepared by printing 
the above described layers on to a sheet of base stock Which 
is typically made of polycarbonate. The lid 46 is also 
prepared by embossing a plurality of lids into a sheet of 
polycarbonate lid stock to provide the necessary concave 
spaces Whereupon holes are punched into the polycarbonate 
sheet for registration and tracking. In order to assemble the 
lid stock to the base stock, a ribbon of lid stock is passed 
through a special laminator Where it is registered and then 
combined With a strip of base stock under heat and pressure 
to form a bond betWeen the base stock and an adhesive on 
the underside of the lid stock. In order to singulate individual 
sensors from the laminate ribbon, the laminate is passed 
through punching equipment in Which individual sensors are 
punched from the array. So long as the sub-element of the 
counter electrode is printed up to or overlapping the plane 
from Which the front edge of the sensor is punched, the 
object of this invention, Which is to provide a sensor in 
Which the sub-element is ?ush With the front edge, is 
accomplished. 
[0014] While the particular dimensions of the electrodes 
are not critical, the area of the sub-element of the counter 
electrode is typically less than that of the Working electrode. 
This element is made as small as possible in vieW of the 
restraints of the screen printing process and the area Which 
is eXposed to the ?uid test sample can be made even smaller 
by printing the dielectric layer 42, so that only a very small 
portion (2% to 7% of the area of the Working electrode) is 
eXposed to provide the sub-element of the counter electrode, 
ie the trigger electrode. In order to achieve the advantages 
of the present invention, the entire leading edge of the 
sub-element of the counter electrode is preferably made 
?ush With the front edge of the base 36. It is also contem 
plated that reaction layer 44 can be removed from contact 
With sub-element 40a of the counter electrode. This is 
accomplished by producing a screen that does not print 
reagent ink over the counter electrode sub-element 40a and 
serves the purpose of starving the sub-element for reagent, 
thereby not alloWing it to function as a proper counter 
electrode. This is preferred, so that an error condition is 
achieved in the case of failure of the test ?uid to contact the 
bulk of the counter electrode 40. While sub-element 40a is 
depicted as being physically connected to, and therefore part 
of, the counter electrode 40, such physical connection is not 
critical. The sub-element can be physically disconnected 
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from the rest of the counter electrode as long as it is provided 
With its oWn connector and the sensor is equipped With a 
third contact to the connector. 

[0015] The tWo parts 39 and 40 of the printed electrodes 
provide the Working and counter electrodes necessary for the 
electrochemical determination of the analyte. The electrode 
ink, Which is about 14;! (0.00055“) thick, typically contains 
electrochemically active carbon. Components of the con 
ductor ink are preferably a mixture of carbon and silver 
Which is chosen to provide a path of loW chemical resistance 
betWeen the electrodes and the detector With Which they are 
in operative connection via contact With the conductive 
pattern at the ?sh-tail end 45 of the sensor. The counter 
electrode can be comprised of silver/silver chloride in Which 
case it Will function more like a reference electrode. The 
function of the dielectric pattern 42 is to insulate the 
electrodes from the ?uid test sample except in a de?ned area 
near the center of the electrode patterns to enhance the 
reproducibility of the detector reading. A de?ned area is 
important in this type of electrochemical determination 
because the measured current is dependent both on the 
concentration of the analyte and the area of the reaction layer 
Which is exposed to the analyte containing test sample. A 
typical dielectric layer 42 comprises a UV cured acrylate 
modi?ed polymethane Which is about 10” (0.0004“) thick. 
In one embodiment of the present invention, the exposed 
electrode sub-element is made in tWo parts, the ?rst of Which 
is a standard WindoW formed by the ink and a slot in the 
dielectric layer and the second from the exposed Width of the 
ink along the front edge of the sensor. The dielectric slot can 
be from about 0.006 to 0.014 (0.010 preferred) inches Wide 
and connects the WindoW 43 With the front edge of the 
dielectric layer 42. The exposed ink varies from 0.010 to 
0.016 inches and is dependent on screenprinting and punch 
ing tolerances. The second exposed sub-element, described 
hereafter, is better controlled. In the second embodiment, 
Which is preferred, the length and thickness of the print are 
0.200 and 0.0005 respectively and are easily controlled 
during the printing and excising of the sensor. In this 
version, only the front punched feature of the sensor forms 
the sub-element and there is very little variation betWeen 
lots. The lid 46, Which provides a concave space, is punc 
tured to provide an air vent 50 and joined to the base 36 in 
a sealing operation. The method of joining the lid and base 
is more fully described in Us. Pat. No. 5,798,031. 

[0016] The construction of the sensor according to the 
present invention is accomplished according to the folloW 
ing general example: 

EXAMPLE I 

[0017] The base stock, typically of polycarbonate, is 
printed With various inks to form the electrodes 39 and 40 
and then overcoated With a dielectric layer 42 in a prede 
termined pattern designed to leave a desired surface of the 
electrode exposed to contact by the ?uid test sample as it 
enters the space formed by the mating of lid 46 and base 36. 
The particular con?guration of the dielectric layer 42 is 
depicted in FIG. 1, in Which opening 43 leaves the reagent 
layer in electrical communication With the electrodes 39 and 
40, is designed to de?ne the extent to Which all of the 
conductive elements (Working, counter and sub-element 
electrodes) are exposed to the test ?uid. Along With the 
printed conductive features, the dielectric layer de?nes the 
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siZe of each of these elements. The electrodes are preferably 
printed so that the conductive and dielectric layers are close 
to 90 degrees to each other. This helps in the tolerance stack 
up for building the sensor because it reduces the registration 
issues. The sensor base of the present invention is also 
illustrated in FIG. 2 in Which all elements on the base are 
shoWn on the same plane. The sensor’s base 36 has con 
ductive element 38 on its surface Which is in turn overcoated 
With Working electrode 39 and reference electrode 40. 
Dielectric layer 42 is not shoWn but instead the opening 43 
in this layer is shoWn to illustrate the portions of the Working 
electrode 39 and reference electrode 40 Which are exposed 
by the opening. The sub-element of the counter electrode 
Which is in electrical communication With the larger portion, 
designated as 40b, functions to provide an electrical con 
duction path With the Working electrode such that the test 
?uid can be detected as having reached the Working elec 
trode. If the test ?uid fails to ?ll the sensor cavity and contact 
the major portion of the counter electrode, an error condition 
Will be detected and communicated to the user of the device. 
This can be accomplished by algorithmically programming 
the meter to detect an under?ll by measuring the current at 
a de?nite time period, after the test ?uid has electrically 
connected the sub-element of the counter electrode With the 
Working electrode. The ratio of the currents for the tWo 
measurements is used to determine if the sensor has ?lled 
properly. 
[0018] The present invention introduces the advantage of 
providing an electrochemical sensor in Which the counter 
and Working electrodes can be con?gured so that in the event 
of a short ?ll, the result Will be af?rmative as opposed to a 
neutral response, ie a failure of the detector to give any 
signal. Thus, When the amount of test ?uid Which enters the 
capillary space is suf?cient to cover the sub-element of the 
counter electrode 40a, or 40b in the preferred embodiment, 
and that portion of the Working electrode 39a Which lies 
upstream from the main portion of the counter electrode 40, 
the detector Will sense the values of error checking param 
eters derived from multiple current measurements exceeding 
their tolerance limits if the Working electrode is not com 
pletely covered With the test ?uid. The detector can be 
connected With the reading means to provide an error signal 
Which Will alert the user to the occurrence of a sort ?ll. The 
means of error checking are accomplished by algorithmi 
cally programming the meter to detect the short ?ll by 
measuring the current at a de?nite time period after the test 
?uid has electrically connected the sub-element of the 
counter electrode With the Working electrode. The ratio of 
the currents for the measurements is used to determine if the 
sensor has ?lled properly. Thus, a short ?ll is determined by 
employing the folloWing steps: 

[0019] a) making multiple current measurements at 
different time periods When a driving potential is 
applied betWeen the electrodes; 

[0020] b) converting the multiple current measure 
ments into error checking parameters; and 

[0021] c) checking the values of the error checking 
parameters against their corresponding tolerance 
limits to determine if a short ?ll has occurred. 

[0022] For example, in a sensor system Which applied a 
0.4 V potential for 10 seconds after a blood sample is applied 
(knoWn as the burn-off period), opens the circuit (OV 
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potential) for 10 seconds (known as the Wait period) and 
then applies a 0.4 V potential during the 10 second read 
period; the steps are carried out as follows: 

[0023] Referring to Step A in the above paragraph, three 
current measurements are made during the test sequence: 1) 
at the end of the burn-off period denoted as L10; 2) at the 5 
second during the read period denoted as IIS; and 3) at the 
end of the read period denoted as L10. 

[0024] Then in Step B, tWo parameters are determined 
from the three current measurements. These tWo parameters 
are used to determine if the sensor’s capillary space has 
?lled properly. The ?rst parameter is the Decay factor, Which 
describes the shape of current time course. The second 
parameter is the Read-to-Burn ratio that characteriZes the 
magnitude of initial current in relation to the ?nal current. 
The decay factor, k, is de?ned as: 

[0025] Note: k characteriZes hoW the current decays in a 
general current-glucose relationship I=c~G-t_k, Where I is the 
current, c is a constant, G is the glucose concentration, and 
t is the time. 

[0026] The Read-to-Burn ratio, R/B is de?ned as: 

R/B=Ir1U/Ib 10 El 2 

[0027] In Step C, the values of these tWo parameters are 
checked against their tolerance limits to determine if a short 
?ll occurred. The tolerance limits are not constant. They 
change as glucose level changes. The tolerance-limit check 
ing is described as Conditions 1 and 2 beloW. The criteria for 
a short ?ll are either Condition 1 or Condition 2 is true. 

[0028] Condition 1 (Decay factor checking): 

[0029] Where a1, akz, ak3, bkl, bkz, bk3, Wk, dkl, dk2 and dk3 
are predetermined constants, G is the glucose measurement. 

[0030] Condition 2 (R/B ratio checking): 

|R/B—(t1c2+bC2'G)|>WC is true When G>0lC Eq. 4 

[0031] Where acl, ~acz, bcl, bcz, WC, and do are predeter 
mined constants, G is the glucose measurement. 

[0032] The constants ak’s, bk’s, dk’s and Wk in Eq. 3 are 
predetermined experimentally: 

[0033] Tests a large number of sensors at various 
glucose levels, G. 

[0034] Calculates the decay factor, k, of each sensor 
from their Ib5 and Iblo currents. 

[0035] Plots all the data points in a k vs. G chart. 

[0036] Fits a 3-piece pieceWise-linear line to the data 
points in the k vs. G chart. These three pieces are 
ak1+bk1><G for Gédkl; ak2+bk2><G for G>dk1 and 
édkz; and ak3+bk3><G for G>dk2 
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[0037] Add a tolerance Width of iWk to the three lines 
so that the band betWeen the —Wk and +Wk is Wide 
enough to enclose all the normal data points in the 
chart. 

[0038] The constants ac’s, bc’s, do and Wc in Eq. 4 are also 
predetermined experimentally in the same Way, on a R/B vs. 
G chart. 

[0039] A sample calculation is as folloWs: 

[0040] Step A—Make three current measurements of a 
sensor: 

Ib10=5O5.1 nA, II5=656.5 nA, and II10=561.8 nA. 

[0041] Step B—Determine the value of the decay factor k 
and R/B ratio: 

[0042] The decay factor and read-to-burn ratio Were 
calculated from the current measurements: 

[0043] Decay factor 

[0044] Read-to-Burn ratio 

R/B=II1JIb1D=561.8/5O5.1=1.11 

[0045] Step C—Check against the tolerance limits: 

[0046] The constants used in this eXample Were: 

[0047] ak1=0.36, bk1=—0.0002 dL/mg, Wk=0.13, and 
dk1=100 mg/dL 

[0048] The glucose reading from the sensor system is 
22.9 mg/dL. 

[0049] Condition 1 Was true because of the ?rst line 
in Eq. 3 Was true. 

if |k—(t1k1+bk1'G)|>Wk is true When Gédk1 =>|O.225— 
(O.36—0.0002-22.9)|=O.1304>O.13 is true When 
G=22.9§dk1=1OO 

[0050] No further check on Condition 2 Was needed in this 
eXample, because Condition 1 Was already true. 

[0051] Therefore, this sensor Was determined as a 
short ?ll. 

[0052] Sensors Were fabricated as described above With 
the sub-element of the counter electrode, Who’s surface area 
accounted for about 11% of the counter electrode’s entire 
surface area and 13% of the surface area of the Working 
electrode. The sub-element Was printed over the prospective 
front edge of the base, so that When the completed sensor 
Was punched out of the polycarbonate sheet, the leading 
edge of the sub-element Was ?ush With the front edge of the 
sensor’s base. The sensor Was tested as folloWs: Aportion of 
sample ?uid Was applied to the sensor Which Was insuf?cient 
to ?ll the entire capillary space but covered the sub-element 
of the counter electrode and a portion of the Working 
electrode such that the sensor Was under ?lled. The meter 
Will detect the short ?ll based on the algorithm With the tWo 
parameters described above. If those tWo parameters do not 
meet the criteria listed above, an error message Will be 
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displayed. If the sample ?uid applied to the sensor is 
sufficient to ?ll the entire capillary space, a normal glucose 
result Will be displayed. 

[0053] Sensors of the present invention TS3-6 (With a 
chopped trigger electrode on the front edge but no WindoW 
on the surface of the base), and TS2-3, a control sensor With 
the sub-element printed so that there is a 450 pm gap 
betWeen its leading edge and the front edge of the sensor’s 
base. FIG. 3 is a graphical representation of the initial 
current of these under?lled sensors as a function of time 
from the time the blood sample Was introduced into the 
sensor’s capillary space. From FIG. 3 it can be determined 
that the initial current generated by the cell containing the 
chopped sub-element of this invention (TS3-6) and the 
Working electrode is much larger than the control (TS2-3) 
and they are usually above the threshold predetermined in 
the meter. With the TS3-6 design, under-?lled sensors typi 
cally tripped immediately or Within 3 to 5 seconds after the 
sample ?uid Was applied. With the TS2-3 design, hoWever, 
some of the sensors required more than a minute to trip. 

[0054] The method of making the TS3-6 sensor forms the 
counter electrode sub-element by cutting through a sensor 
sub-element Which is totally covered With ink. With this 
invention, the registration of printing the reaction layer to 
avoid its coming too close to the sub-element is not critical. 

1. In an electrochemical sensor for detecting the concen 
tration of analyte in a ?uid test sample comprising (1) a 
non-conductive base Which provides a ?oW path for the ?uid 
test sample Which base has a front edge as Well as a counter 
electrode and a Working electrode on its upper surface Which 
are in electrical communication With a detector of electrical 
current; (2) a reaction layer on at least the surface of the 
Working electrode comprising an enZyme Which reacts With 
the analyte to produce electrons Which are transferred to the 
Working electrode; and (3) a cover Which When mated With 
the base forms a capillary space With an opening for the 
introduction of ?uid test sample thereto Which space con 
tains the ?oW path for the ?uid test sample in Which the 
counter and Working electrodes are situated so that the major 
portion of the counter electrode is located doWnstream of the 
opening from the Working electrode With a sub-element of 
the reference electrode being upstream from the Working 
electrode so that When electrochemical communication 
betWeen only the sub-element of the counter electrode and 
the Working electrode takes place, there is insufficient ?oW 
of electrical current through the detector to constitute a valid 
test for the concentration of analyte in the ?uid test sample 
and the detector is pre-programmed to emit an error signal 
in the event of such insuf?cient ?oW of electrical current, the 
improvement Which comprises placing the sub-element of 
the counter electrode on the upper surface of the base so that 
it is ?ush With the front edge of the base. 

2. The electrochemical sensor of claim 1 Which is con 
nected to a current detector Which is programmed to give an 
error signal When the current it receives is beloW a prede 
termined level. 

3. The electrochemical sensor of claim 1 Wherein there is 
a dielectric layer over the Working and counter electrode 
having openings to eXpose these electrodes to a reaction 
layer on top of the dielectric layer and the area of the 
sub-element of the counter electrode Which is eXposed is 2% 
to 7% of the area of the Working electrode Which is eXposed. 
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4. The electrochemical sensor of claim 3 Wherein the 
sub-element of the counter electrode is not in contact With 
the reaction layer. 

5. The electrochemical sensor of claim 1 Wherein the 
sub-element is physically disconnected from the rest of the 
counter electrode and is provided With its oWn connector 
from contact With a current detector. 

6. The electrochemical sensor of claim 1 Wherein the 
cover has a concave portion; so that the concave portion 
forms the capillary space When the cover is mated With the 
base. 

7. The electrochemical sensor of claim 1 Which has a 
spacer element With a U shaped indentation so that the U 
shaped indentation forms the capillary space When it is 
inserted betWeen the cover and the base. 

8. A method for the electrochemical determination of an 
analyte in a ?uid test sample Which comprises connecting 
the electrochemical sensor of claim 1 to a current detector 
Which is programmed to detect a current Which is Weaker 
than a predetermined current level and introducing the ?uid 
test sample into the capillary space of the sensor. 

9. The method of claim 8 Wherein the current detector is 
programmed to provide an error signal When the current is 
Weaker than the predetermined current level. 

10. The method of claim 8 Wherein the ?uid test sample 
is blood and the analyte is glucose. 

11. A method for the production of a base member for an 
electrochemical sensor for detecting the concentration of an 
analyte in a ?uid test sample Which comprises the steps of: 

a) providing an insulating base material in the form of a 
sheet from Which a plurality of bases for the sensor can 
be punched out to form a base having a front edge; 

b) screen printing an electrically conductive pattern on to 
the insulating base material; 

c) screen printing a Working electrode and a counter 
electrode onto the conductive pattern so that the main 
portion of the counter electrode lies further from the 
front edge of the base than the Working electrode and 
a sub-element of the counter electrode overlaps the 
base’s front edge; and 

d) punching the base from the sheet of insulating base 
material in a pattern such that the sub-element of the 
counter electrode is ?ush With the front edge of the 
base. 

12. A method for the production of an electrochemical 
sensor Which comprises the steps of: 

a) providing the base member prepared as in claim 11; 

b) screen printing a dielectric layer onto the Working and 
control electrodes in a pattern Which leaves predeter 
mined portions of these electrodes eXposed; 

c) screen printing a reaction layer over the dielectric layer; 
and 

d) applying a cover member to the base member to form 
a capillary space into Which the ?uid test sample can 
?oW; 

Wherein steps a, b, c and d are carried out before the base 
member is punched from the sheet of insulating base 
member material. 


