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(57) ABSTRACT 

A sensor (10,110) is provided for determination of various 
concentrations of one or more components within a fluid 
sample. The sensor (10,110) includes an injection molded 
body (12,112), at least two electrodes (30,3132,130,131, 
132), an enzyme (57,157), and, if desired, an electron 
transfer mediator. The body includes a reaction Zone (24, 
124) for receiving a fluid sample. The electrodes (30,3132, 
130,131,132) are at least partially embedded within the 
plastic body (12,112) and extend into the reaction Zone 
(24,124). Also contained within the reaction Zone is an 
enzyme (57,157) capable of catalyzing a reaction involving 
a compound within the fluid Sample. 
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ELECTROCHEMICAL SENSOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of co-pending 
prior U.S. application Ser. No. 09/820,372 filed Mar. 23, 
2001. 

TECHNICAL FIELD 

0002 The present invention generally relates to electro 
chemical Sensors and, in particular, to molded electrochemi 
cal Sensors for detection or measurement of analytes in test 
Samples, Such as fluids and dissolved Solid materials, and the 
methods of making and using these Sensors. 

BACKGROUND OF THE INVENTION 

0.003 Electrochemical sensors are used to determine the 
concentrations of various analytes in testing Samples Such as 
fluids and dissolved Solid materials. For instance, electro 
chemical Sensors have been made for measuring glucose in 
human blood. Such sensors have been used by diabetics and 
health care professionals for monitoring blood glucose lev 
els. The Sensors are usually used in conjunction with a meter, 
which measures light reflectance, if the Strip is designed for 
photometric detection of a die, or which measures Some 
electrical property, Such as electrical current, if the Strip is 
designed for detection of an electroactive compound. 
0004 Typically, electrochemical sensors are manufac 
tured using an electrically insulating base upon which con 
ductive inkS Such as carbon and Silver are printed by Screen 
printing to form conductive electrode tracks or thin Strips of 
metal are unrolled to form the conductive electrode trackS. 
The electrodes are the Sensing elements of the Sensor 
generally referred to as a transducer. The electrodes are 
covered with a reagent layer comprising a hydrophilic 
polymer in combination with an oxidoreductase or a dehy 
drogenase enzyme specific for the analyte. Further, mounted 
over a portion of the base and the electrodes is an insulating 
layer. 

0005 Precision and accuracy of electrochemical mea 
Surements to a great extent rely on the reproducibility of the 
electrode Surface area on a microscopic Scale. Variations in 
the morphology of the electrode can result in very significant 
changes in the electrochemical Signal readout. Screen-print 
ing has made significant in-roads in the production of 
Sensors for determining glucose. The wide use of Screen 
printing Stems from the ability to mass-produce relatively 
inexpensive Sensors. The use of metal StripS unrolled from 
large rolls has also been employed to mass produce Such 
SCSOS. 

0006 While many advances have been made in the field 
of Screen printing and conductive ink production, the tech 
nology still suffers from poor reproducibility of the electrode 
Surface area, dimensional variations, thickness variations, 
micro-cracks, and shrinkage due to the repetitive and high 
temperature curing processes involved in using film printing 
technology. LOSS of Solvent during printing is another factor 
that leads to variations in the thickness of electrodes. 

0007 Sensor development using printing technology 
requires Several passes of different conductive inkS demand 
ing different Screens. Slight variations in positioning the 
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Screens can lead to Substantial errors in IR drop and the 
applied potentials. Wear and tear of these Screens is another 
Source of error. Also, Sensor Strip production by Screen 
printing Suffers from a high level of raw material waste. 
Generally, for every gram of ink used, there is a gram of ink 
wasted. Manufacture of Such Sensors also involves Several 
lamination processes that add to the production complexity 
and cost of the final product. 

SUMMARY OF THE INVENTION 

0008. The present invention is an electrochemical sensor 
that provides for the determination of various analyte con 
centrations in a testing Sample Such as fluids and dissolved 
Solid materials. The Sensor is designed to facilitate produc 
tion in large quantities using reliable and cost effective 
injection molding manufacturing methods. The present 
invention includes an injection molded plastic Strip or body, 
at least two electrodes, an enzyme, and if desired, an 
electron transfer mediator. The body includes a cavity or 
reaction Zone for receiving a fluid Sample. The electrodes are 
at least partially embedded within the plastic body and 
extend into the reaction Zone where they are exposed to a 
test Sample. Also contained within the reaction Zone is an 
enzyme capable of catalyzing a reaction involving a com 
pound within the fluid sample. 
0009 Specifically, the device cooperates with an elec 
tronic meter capable of measuring the difference between 
the electrical properties of the electrically conductive elec 
trodes within the device. The device, a Sensor, includes at 
least two, and preferably three, Spaced apart electrically 
conductive electrodes, a body having two ends of insulative 
material molded about and housing the electrodes, means for 
connecting the meter to the housing, means for receiving a 
fluid Sample, and means for treating one or more electrodes 
with one or more chemicals to change the electrical prop 
erties of the treated electrodes upon contact with the fluid 
Sample. One end of the housing has the means for connect 
ing the meter and the opposite end of the housing has the 
means for receiving the fluid Sample. The means for con 
necting the meter is a plug formed in the housing exposing 
the electrodes outside the body. 
0010. The sensor is molded and can be a single, unitary 
piece or two pieces. In the two piece construction, an end 
cap is attached to the body. In the Single piece construction, 
the body pivots about a hinge and connects onto itself. 
Protuberances formed in a portion of the body cooperate 
with troughs to ensure proper alignment. 
0011. A capillary inlet is constructed at one end of the 
Sensor to draw the fluid Sample into the body upon contact 
with the fluid sample. The capillary inlet is molded into the 
end of the body and is in communications with a reaction 
Zone. This reaction Zone is a channel formed in the body 
about the electrodes and is adapted for reacting with the fluid 
drawn into the body by the capillary force. While the 
reaction Zone may be formed above or below the electrodes, 
the preference has been to construct it above the electrodes. 
The capillary has a vent for relieving pressure. 
0012. As noted, the electrodes are molded into the plastic. 
In one embodiment, the electrodes are conductive wires. In 
another embodiment, the electrodes are constructed from a 
metal plate. The electrodes may be coated with a different 
conductive material to enhance their performance. 
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0013 Apertures are formed in the body of the sensor to 
permit the holding of the electrodes during the molding 
process. Apertures may also be formed in the body to 
chemically treat one or more electrodes in the reaction Zone 
before or after the molding process. Adding chemicals (e.g., 
reagents with and without enzymes) changes the electrical 
properties of the treated electrodes upon contact with the 
fluid Sample. In the preferred embodiment, the enzyme is 
applied to the Outer Surface of one of the electrodes. An 
antibody may also be applied to another of the electrodes. 
An electron mediator may further be applied to the outer 
Surface of one or more of the electrodes. 

0.014. The methods of making and using the electro 
chemical Sensor are also disclosed. The method of making 
the device includes the Steps of positioning at least two 
Spaced apart electrically conductive electrodes in a mold, 
before or after molding treating at least one of the electrodes 
with one or more chemicals to change the electrical prop 
erties of the treated electrode upon contact with a fluid 
Sample, and molding a body of insulative material with two 
ends around the electrodes with one end having therein 
means for receiving a fluid Sample. AS before, the body is 
molded in two pieces, with a body and end cap for attaching 
to one another after the molding is completed, or in a Single, 
unitary piece. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015. In the accompanying drawings forming part of the 
Specification, and in which like numerals are employed to 
designate like parts throughout the same, 

0016 FIG. 1 is an enlarged top plan view of a first 
embodiment of an electrochemical Sensor made in accor 
dance with the teachings of the present invention; 

0017 FIG. 2 is a sectional end view of the electrochemi 
cal sensor of FIG. 1 taken along plane 2-2; 

0018 FIG.3 is a sectional end view of the electrochemi 
cal sensor of FIG. 1 taken along plane 3-3; 

0.019 FIG. 4 is a sectional end view of the electrochemi 
cal sensor of FIG. 1 taken along plane 4-4; 

0020 FIG. 5 is a sectional end view of the electrochemi 
cal sensor of FIG. 1 taken along plane 5-5; 

0021 FIG. 6 is a sectional side view of the electrochemi 
cal sensor of FIG. 1 taken along plane 6–6; 
0022 FIG. 7 is an enlarged top plan view of a second 
embodiment of an electrochemical Sensor made in accor 
dance with the teachings of the present invention; 

0023 FIG. 8 is an end elevation view of the electro 
chemical sensor of FIG. 7; 

0024 FIG. 9 is a side elevation view of the electrochemi 
cal sensor of FIG. 7; 

0025 FIG. 10 is a bottom plan view of the electrochemi 
cal sensor of FIG. 7; 

0026 FIG. 11 is a sectional end view of the electro 
chemical sensor of FIG. 7 taken along plane 11-11; and, 
0027 FIG. 12 is a sectional end view of the electro 
chemical sensor of FIG. 7 taken along plane 12-12. 
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DETAILED DESCRIPTION 

0028. While this invention is susceptible of embodiments 
in many different forms, there is shown in the drawings and 
will herein be described in detail preferred embodiments of 
the invention with the understanding the present disclosure 
is to be considered as an exemplification of the principles of 
the invention and is not intended to limit the broad aspect of 
the invention to the embodiments illustrated. 

The First Embodiment 

0029) Referring to FIGS. 1-6, an electrochemical sensor 
in accordance with the present invention, first embodiment, 
is depicted. FIG. 1 shows the sensor 10 as though it were 
made out of clear plastic, permitting one to look inside it. AS 
discussed herein, the internal components and hidden exter 
nal components would not normally be visible looking down 
on the sensor 10. This rendition would be similar to a view 
taken along plane X-X in FIG. 2. 
0030) The sensor or test strip of the first embodiment 10 
includes an injection molded plastic body 12, opaque or 
preferably translucent, having a meter attachment end or 
plug end 14 and a fluid sample receiving end 16. The body 
has a bottom Surface 13, a top Surface 15 and a tapered 
portion 20 connecting a first top Surface 15a to a Second top 
surface 15b, the first top surface being lower than the second 
top Surface, and a third top Surface 15c, also lower than the 
Second top Surface. The body 12 contains three Spaced apart 
electrodes 30,3132. The plug end 14 of the body 12 includes 
a pair of tapered Side edges 18,19 and a wedge shaped top 
portion 20. The tapered side edges 18, 19 facilitate a user 
inserting the Sensor's plug end 14 into the Socket cavity of 
a conventional meter (not shown). Moreover, the wedged 
portion 20 of the Sensor Serves as a stop, and frictionally 
holds the sensor 10 within the socket cavity of the meter. 
0031. The fluid sample receiving end 16 of the sensor 10 
includes an electrochemical reaction Zone 24 adjacent the 
terminal end 16 of the body. This reaction Zone 24 is a 
channel formed in the third top surface 15c and about/ 
adjacent the electrodes 30,3132 in the body 12 for reacting 
with the fluid drawn into the body 12. While the reaction 
Zone may be formed above or below the electrodes, the 
preference has been to construct it above the electrodes. An 
end cap 27 is welded by ultrasonics or adhesive over the 
reaction Zone 24 and onto the third top surface 15c. The top 
of the end cap 27 aligns with the top 15,15b of the body 12. 
The end cap 27 is preferably made of the same material as 
the molded body 12 and attached thereto by ultrasonic 
Welding or gluing. 

0032. While the cap 27 is shown as a separate piece, it 
can also be constructed as part of the body 12 and hingably 
connected to the body Such that it can be pivoted onto the 
third top Surface 15c and attached e.g., see The Second 
Embodiment. In this manner, the entire Sensor can be made 
at one time and as one molded, unitary piece. 
0033. A capillary opening 28 is formed in the terminal 
end 16 of the sensor 10 when the cap 27 is welded (or 
folded) to the body 12. This capillary opening leads to the 
reaction Zone 24. Preferably, the sensor 10 is a capillary fill 
device, that is, the reaction Zone 24 is Small enough to draw 
a fluid Sample into the Zone when the capillary opening or 
inlet 28 is placed in contact with the fluid being tested, such 
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as a drop of blood. Accordingly, if one wants to test his/her 
blood, S/he touches the terminal end 26 to the blood and the 
blood is drawn into the sensor 10 and reaction Zone 24 
through the capillary opening 28. This is much easier than 
placing the sample (such as blood) on the Sensor and on a 
target Zone as in the prior art. To effectuate the capillary 
effect with the capillary opening 28 to the reaction Zone 24, 
a vent 29 is constructed into the cap 27. This vent is in 
communication with the reaction Zone 24. This vent 29 
releases air pressure as the reaction Zone 24 draws and fills 
with fluid. For additional discussion regarding capillary 
filling, see U.S. Pat. Nos. 4,254,083; 4,413.407; 4,473,457; 
5,798,031; 5,120,420; and 5,575,895, the disclosures of 
which are hereby incorporated by reference. 
0034) Mostly encased within the injection molded body 
12 are a plurality of electrically conductive leads or elec 
trodes 30.31,32. Preferably, the body 12 is molded about 
these leads 30,3132. As noted, these leads are spaced from 
one another. They 30.31.32 are primarily encased in the 
body 12 and run from the plug end 14 to the reaction Zone 
24, just before the terminal end 16. The leads 30.31,32 ends 
26 are positioned just before the terminal end 16 of the 
SCSO. 

0035) The conductive leads 30.31.32 consist of an elec 
trically conductive material like metal or metal alloy Such as 
platinum, palladium, gold, Silver, nickel, nickel-chrome, 
Stainless Steel, copper or the like. Moreover, each lead 
preferably consists of a single wire, or in an alternative 
preferred embodiment (See The Second Embodiment), a 
Stamped metal member plated with gold or the like. In the 
first embodiment, the outer leads 30 and 32 are equally 
Spaced from the inner lead 31 with the Spacing of the leads 
at the fluid sample receiving end 16 of the body 12 being 
closer together than at the meter attachment end 14. 
0036) Segments 33 of the leads 30.31.32 are exposed 
about the plug end 14 of the body 12 to provide contact 
surface areas 34,35.36 respectively with the meter (not 
shown). Preferably, the exposed contact surface areas 34,35, 
36 extend from the tapered top portion 20 of the body 12 to 
the plug end 14 of the body 12 on or partially embedded into 
the first top surface 15a. Specifically, the body 12 may be 
molded such that the segments 33 of the leads 3131.32 are 
embedded (partially molded into the first top surface 15a) 
and held by the body 12 opposite the contact Surface areas 
34.35.36. In this manner, the leads are exposed for contact 
with the meter and maintained in a position without the use 
of adhesives or welding. 
0037. The portion of the leads 30,3132 between the 
Sensor plug end 14 and the fluid Sample receiving end 16 are 
embedded within the plastic injection molded body 12. 
Accordingly, the body 12 is constructed of an electrically 
insulating injection moldable plastic. 

0.038 Certain structural support components are molded 
within the body 12 of the sensor 10 to hold and maintain the 
leads 30,3132 within the body, in spaced relationship to one 
another, during and after the molding process. Specifically, 
guide blockS 42 and alignment pins 44 are molded within the 
body 12 for proper mounting of the leads 30,3132. Aper 
tures are also formed in the top surface 15 and bottom 
surface 13 of the body 12 for permitting the ingress and 
egreSS of fingers into the mold during the molding proceSS 
(to be discussed below). In particular, a first aperture 46 is 
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molded into the second top surface 15b and a second 
aperture 48 and third aperture 50 are formed into the bottom 
surface 13 of the body 12. Once the molding is completed, 
each of these apertures 46,48.50 can be covered up with 
plastic (e.g., the same plastic used in the molding process) 
or left open. Their 46,48,50 sizes are relatively small; 
leaving them open should not cause any Safety issueS or 
affect the Sensor's ability. Fingers cannot fit into the aper 
tures and debris from the outside will likely be unable to 
enter the apertures and contact the leads 30,3132. 
0039. Within the reaction Zone 24, one lead 30 serves as 
a primary working electrode 52, a Second lead 31 acts as a 
reference or counter electrode 53, and the third lead 32 
Serves as an auxiliary, Secondary or Second working elec 
trode 54. Desirably, the conductive leads 30,3132 (or elec 
trodes 52,53,54) are the only leads (electrodes) coming into 
contact with the test sample of fluid entering the sensor 10. 
The electrodes 52,53,54 are electrically insulated from the 
rest of the Sensor 10 by molded plastic to ensure a signal 
carried by the leads arises only from that portion exposed to 
the test Sample in the electrochemical reaction Zone 24. 
0040. In the embodiment, an enzyme 56 is applied to the 
outer Surface of the lo primary working electrode 52 and, if 
desired, an electron transfer mediator. The enzyme can 
consist of, for instance, flavo-proteins, pcq-enzymes, haem 
containing enzymes, oxidoreductase, or the like. For addi 
tional discussion regarding mediators, See U.S. Pat. Nos. 
4,545,382 and 4.224,125, the disclosures of which are 
hereby incorporated by reference. In an alternative embodi 
ment, an antibody 57 can be applied to the outer Surface of 
the Secondary working electrode 54. AS Such, the reaction 
Zone 24 can contain antibodies, enzyme-antibody conju 
gates, enzyme-analyte conjugates, and the like. It should be 
noted that an enzyme 56 can also be applied to the Second 
working electrode 54 and an antibody can be applied to the 
outer Surface of the primary working electrode 52. 
0041 AS will be appreciated by those having skill in the 
art, the enzyme 56 is specific for the test to be performed by 
the sensor 10. For instance, the working electrode 52, or 
Secondary working electrode 54, or both, can be coated with 
an enzyme 56 Such as glucose oxidase or glucose dehydro 
genase formulated to react at different levels or intensities 
for the measurement of glucose in a human blood Sample. 
Thus, as an individual’s body glucose concentration 
increases, the enzyme 56 will make more products. The 
glucose Sensor is used with a meter to measure the electro 
chemical Signal, Such as electrical current, arising from 
oxidation or reduction of the enzymatic turnover product(s). 
The magnitude of the Signal is directly proportional to the 
glucose concentration or any other compound for which a 
Specific enzyme has been coated on the electrodes. 
0042. In an embodiment, the enzyme 56 can be applied to 
the entire exposed Surface area of the primary electrode 52 
(or secondary electrode 54). Alternatively, the entire 
exposed area of the electrode may not need to be covered 
with the enzyme as long as a well defined area of the 
electrode is covered with the enzyme. 
0043. In a further embodiment and as shown in the prior 
art, an enzyme 57 can be applied to all the electrodes 
52,53,54 in the reaction Zone 24 and measures can be taken 
by a meter. 
0044) In the preferred embodiment, one of the working 
electrodes (52 or 54) is selectively coated with the enzyme 
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57 carrying a reagent with the enzyme and the other working 
electrode (54 or 52) is coated with a reagent lacking the 
respective enzyme. AS Such, with a meter, one can Simul 
taneously acquire an electrochemical Signal from each work 
ing electrode and correct for any “background noise' arising 
from a Sample matrix. Thus, the potential or current between 
the reference and the electrode without the enzyme can be 
compared with the potential or current between the reference 
and the electrode with the enzyme. The measuring and 
comparing of the potential and current differences are well 
known to those skilled in the art. 

0.045 AS indicated above, the sensor 10 is used in con 
junction with a meter capable of measuring an electrical 
property of the fluid sample after the addition of the fluid 
Sample into the reaction Zone 24. The electrical property 
being measured may be, for example, electrical current, 
electrical potential, electrical charge, or impedance. An 
example of measuring changes in electrical potential to 
perform an analytical test is illustrated by U.S. Pat. No. 
5,413,690, the disclosure of which is hereby incorporated by 
reference. 

0046) An example of measuring electrical current to 
perform an analytical test is illustrated by U.S. Pat. Nos. 
5,288,636 and 5,508,171, the disclosures of which are 
hereby incorporated by reference. 

0047 The plug end 14 of the sensor 10 can be inserted 
and connected to a meter, which includes a power Source (a 
battery). Improvements in Such meters and a sensor System 
are found in U.S. Pat. Nos. 4,999,632; 5,243,516; 5,366,609; 
5,352,351; 5,405,511; and 5,438,271, the disclosures of 
which are hereby incorporated by reference. 
0.048 Many analyte-containing fluids can be analyzed by 
the electrochemical Sensor of the present invention. For 
example, analytes in human and animal body fluids, Such as 
whole blood, blood Serum and plasma, urine and cerebroSpi 
nal fluid may all be measured. Also, analytes found in 
fermentation products, food and agricultural products, and in 
environmental Substances, which potentially contain envi 
ronmental contaminants, may be measured. 
0049. The Molding Process 
0050. In the past, while recognized for its strength and 
durability, plastic injection molding of Sensors has been 
difficult and thus avoided. One reason is the reluctance to 
mold around the conductive wires or plates. The industry 
choice has been to make Such Sensors like Sandwiches, 
having a top and bottom piece with the insides (conductive 
elements) being formed on one of the pieces or placed 
between the pieces. The Sandwich-like Sensor is then 
assembled together and Sealed closed, Such as with an 
adhesive. 

0051. The present invention molds the sensors with the 
conductive elements inside the mold during the molding 
process. The advantages are many. In addition to making a 
Stronger more durable Sensor, Such a proceSS reduces labor 
involvement and StepS and produces a more consistent 
product. 

0.052 While multiple sensors 10 can be produced with 
one mold, the making of a single Sensor will be discussed. 
The mold has the shape of the body 12. The conductive 
wires 30,3132 for the electrodes are first molded into the 
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product. Specifically, the wire leads are fed into the mold 
and placed on or between figures not shown projecting into 
the mold through the openings in the mold (corresponding to 
the apertures 46,48.50) to hold the wires in place and level 
during the Set-up and molding process. In particular, the 
bottom apertures permit the fingers projecting into the mold 
to Support the wires and the top apertures permit the fingers 
projecting into the mold to hold the wires. The liquid plastic 
is injected into the mold where it fills the mold. The plastic 
is then cooled. 

0053) Once the plastic has formed and hardened, the 
fingers are pulled from and exit the mold through the 
openings (apertures 46,48.50). The molded sensor 12 is next 
ejected from the mold. 
0054 The reagents are next applied to the electrodes after 
the molding proceSS is finished. First, after molding is 
finished, the cap is treated with a Surfactant that facilitates 
pulling or drawing the fluid (e.g., test blood) into the 
capillary gap at the end of the Sensor. Then, the reagents 
(including the enzyme) are applied to the electrodes. 
0055. The end cap 27 is thereafter connected to the main 
body 12 and any undesirable openings in the Sensor can be 
Sealed closed by the Same plastic used for the mold. In the 
alternative, the chemicals can be applied to the wires after 
the end cap is married to the body. Any extraneous wire(s) 
projecting from the Sensor can be cut and removed. Then, 
any desired writings on the Sensor (e.g., manufacturing 
codes, product name, etc.) can then be applied to the sensor 
by conventional means. 

The Second Embodiment 

0056 Referring to FIGS. 7-12, an electrochemical sensor 
in accordance with the present invention, Second embodi 
ment, is depicted. In these figures, components Similar to 
those in the first embodiment (10) will be identified with the 
same reference numbers, but in the 100 series. Specifically, 
FIG. 7 shows the sensor 110 as though it were made out of 
clear plastic, permitting one to look inside it. AS noted 
previously, the internal components and hidden external 
components would not normally be visible looking down on 
the sensor 110. The sensor of the second embodiment 110 
includes a molded plastic body 112 having a meter attach 
ment end or plug end 114 and a fluid Sample receiving end 
116. The body has a bottom surface 113 and a top surface 
115. An end cap 127 is integral to the body 112 and molded 
with the body. A hinge 227 permits the pivoting of the end 
cap onto the main body as will be explained. Specifically, the 
top surface 115 of the sensor 110 has three top surfaces 
115a,115b,115c. The first top surface 115a runs most of the 
length of the body and terminates at a ledge 215; the Second 
top surface 115b is positioned below or is lower than the first 
115a, and, the third top surface 115c is separated from the 
other two top surfaces 115a, 115b by the hinge 227. During 
construction of the sensor 110, the end cap 127 is rotated 
about the hinge such that the third top surface 115c abuts the 
Second top Surface 115b, face-to-face, and rests adjacent the 
ledge 215 of the top surface 115a. The bottom surface 13a 
of the cap 127 thus becomes the top surface adjacent the first 
top surface 115a. See FIG. 8. A pair of tapered protuber 
ances 125 formed in the end cap 127 and a pair of tapered 
troughs 122 formed in the main body 112 align and mate 
when the cap is folded into place. This facilitates and ensures 
correct alignment of the hinged parts. 
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0057 The body 112 contains three spaced apart elec 
trodes 130,131,132. The plug end 114 of the body 112 
includes a pair of tapered side edges 118,119 to facilitate a 
user inserting the Sensor's plug end 114 into the Socket 
cavity of a conventional meter (not shown). 
0.058. The fluid sample receiving end 116 of the sensor 
110 includes an electrochemical reaction Zone 124 adjacent 
the terminal end 116 of the body. This reaction Zone 124 is 
a channel formed in the second top surface 115b and 
about/adjacent the electrodes 130,131,132 in the body 112 
for reacting with the fluid drawn into the body 112. While 
this reaction Zone may be formed above or below the 
electrodes, the preference has been to construct it above the 
electrodes. A ridge 327 is formed on the top surface (third 
top Surface 115c) of the end cap. This ridge prevents any 
fluid from leaving the reaction Zone 124 or debris from 
entering the reaction Zone once the end cap 127 is welded 
by ultrasonics or adhesive onto the Second top Surface 
115b. When the end cap is folded, it is welded into position 
along the Side Surfaces of the piece 110. Thus, the ridge can 
be collapsed during welding and not affect the performance 
of the Sensor. An optional channel 327a may be constructed 
in the third top surface 115c to increase the height of the 
reaction Zone 124. 

0059 A capillary opening 128 is formed in the terminal 
end 116 of the sensor 110 when the cap 127 is folded and 
welded into place. This capillary opening leads to the 
reaction Zone 124. The width of the opening 128 is approxi 
mately the Same as the length of the Sensing electrodes 
130,131,132 exposed to the test fluid in the reaction Zone 
124. The sensor 110 of the second embodiment is also a 
capillary fill device, that is, the reaction Zone 124 is Small 
enough to draw a fluid Sample into the Zone when the 
capillary opening 128 is placed in contact with the fluid 
being tested. A vent 129 provided in the cap 127 is in 
communication with the reaction Zone 124 to release pres 
Sure as the reaction Zone 124 draws and fills with fluid. 
Preferably, the bottom or base of the capillary inlet is flush 
with the top surface of electrodes 130,131,132. 

0060 Mostly encased within the injection molded body 
112 is an electrically conductive plate (stamped or cast) 
having leads or electrodes 130,131,132. The body 112 is 
molded around the plate and these leads 130,131.32. The 
conductive plate is a Single piece of material; it includes the 
leads 130,131,132 and connecting segments 230 and 231. 
When the Sensor is made, the Segments are connecting the 
leads. After molding, the segments 230,231 are cut and/or 
removed So that the leads are distinct and Separated from one 
another. If they were connected, the System would short 
circuit. 

0061 The electrodes 130,131,132 are primarily encased 
in the body 112 and run from the plug end 114 into the 
reaction Zone 124, just before the terminal end 116. The 
leads 130,131,132 may be widened if desired in the reaction 
Zone to expose more Surface area to the fluid and chemicals 
contacting one another in the Zone. The leads 130,131,132 
can be as wide as the sensing parts. These leads 130,131,132 
are an electrically conductive material like metal or metal 
alloy Such as platinum, palladium, gold, Silver, nickel, 
nickel-chrome, StainleSS Steel, copper or the like. To enhance 
their performance and Sensitivity, they may also be coated, 
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e.g., made of copper and coated with gold. In the Second 
embodiment, the leads 130,131,132 are spaced from and 
parallel to one another. 
0062 Segments 133 of the leads 130,131,132 extend 
outwardly from the body 112 from the plug end 114 of the 
Sensor 110 and are exposed to provide contact Surface areas 
134,135,136 respectively with the meter (not shown). These 
leads can also be embedded in the molded plastic Such that 
their upper Surfaces are exposed in portions. 
0063 As before, the portion of the leads 130,131,132 
between the sensor plug end 114 and the fluid sample 
receiving end 116 are embedded, or encased, within the 
plastic injection molded body 112; the body 112 is con 
Structed of an electrically insulating injection moldable 
plastic. 

0064 Apertures are formed in the top surface 115 and 
bottom surface 113 of the body 112 for permitting the 
ingreSS and egreSS of fingers into the mold during the 
molding process. In particular, a Set (3) of first apertures 146 
and a set (3) of second apertures 147 are molded into the top 
surface 15a, a third aperture 148 and fourth aperture 150 and 
a set (3) of fifth apertures 160,161,162 are formed into the 
bottom surface 113 of the body 112. Once the molding is 
completed, each of these apertures 146,147,148,150 can be 
covered up with plastic (e.g., the same plastic used in the 
molding process) or left open. 
0065. Within the reaction Zone 124, one outer lead 130 
Serves as a primary working electrode 152, the center lead 
131 acts as a reference or counter electrode 153, and the 
other Outer lead 132 Serves as an auxiliary or Secondary or 
second working electrode 154. These conductive leads 130, 
131,132 (or electrodes 152,153,154) are the only leads 
(electrodes) coming into contact with the test sample of fluid 
entering the sensor 110. The electrodes 152,153,154 are 
electrically insulated from the rest of the sensor 110 by 
molded plastic to ensure a signal carried by the leads arises 
only from that portion eXposed to the test Sample in the 
electrochemical reaction Zone 124. 

0066. As with the first embodiment, an enzyme 156 is 
applied to the Outer Surface of the primary working electrode 
152 and, if desired, an electron transfer mediator. An anti 
body 157 may also be applied to the outer surface of the 
secondary working electrode 154. An enzyme 156 can also 
be applied the Second working electrode 154 and an anti 
body to the outer Surface of the primary working electrode 
52. 

0067. The enzyme 156 can be applied to the entire 
exposed Surface area of the primary electrode 152 (or 
secondary electrode 154). Alternatively, the entire exposed 
area of the electrode may not need to be covered with the 
enzyme as long as a well defined area of the electrode is 
covered with the enzyme. Or, an enzyme can be applied to 
all the electrodes 152,153,154 in the reaction Zone 124 and 
measurements can be taken by a meter. Preferably, one of the 
working electrodes (152 or 154) is selectively coated with 
the enzyme carrying a reagent with the enzyme and the other 
working electrode (154 or 152) is coated with a reagent 
lacking the respective enzyme. 

0068 The sensor 110 is used in conjunction with a meter 
capable of measuring an electrical property of the fluid 
Sample after the addition of the fluid Sample into the reaction 



US 2005/0258037 A1 

Zone 124. The plug end 114 of the sensor 110 is inserted and 
connected to a meter, as before with the first embodiment. 
0069. The Molding Process 
0070 The mold has the shape of the body 112. The 
conductive 130,131,132 leads/electrodes (in the form of a 
plate with the joining extensions 230.231 for the electrodes) 
are first treated with any coatings (metal). The chemicals/ 
reagents (with and without enzymes) may also be applied 
before molding; or, they can be applied after the molding. 
The plate is fed into the mold and placed on or between 
fingers (not shown) projecting into the mold through the 
openings in the mold (corresponding to the apertures 146, 
147,148,150) to hold the plate in place and level during the 
Set-up and molding process. Knives or punches (not shown) 
are also inserted through the top Surface of the mold (outline 
of opening formed by the knives/punches 170). These knives 
punch and sever the jointing extensions 230,231 and hold 
the bent portions in place during molding (see FIG. 11). As 
before, the bottom apertures permit the fingers projecting 
into the mold to Support the plate with leads and the top 
apertures permit the fingers projecting into the mold to hold 
the plate and leads. The liquid plastic is injected into the 
mold where it fills the mold. The plastic is then cooled. 
0071. Once the plastic has formed and hardened, the 
fingers are drawn from the mold through the openings 
(apertures 146,147,148,150,160,161,162). The knives/ 
punches are drawn through the upper Surface openings 170. 
Once the knives/punches are removed, the cut or skived 
extensions 230,231 disposed between the leads 130,131 and 
131,132 ensures the leads are kept separate. The molded 
sensor 112 is then ejected from the mold and any undesirable 
openings in the Sensor can be sealed closed by the same 
plastic used for the mold. In the preferred alternative, the 
critical reagents are applied to the Sensors in the reaction 
Zone 124 above the leads. A Surfactant can be used to treat 
the capillary inlet to facilitate the capillary function. Any 
extraneous metal projecting from the Sensor can be cut and 
removed. Then, any desired writings on the Sensor (e.g., 
manufacturing codes, product name, etc.) can then be 
applied to the Sensors by conventional means. 
0.072 While the specific embodiments have been illus 
trated and described, numerous modifications come to mind 
without Significantly departing from the Spirit of the inven 
tion and the Scope of protection is only limited by the Scope 
of the accompanying Claims. For instance, in another 
embodiment of the present invention, a Sensor is designed 
for use with a light reflectance measuring meter for photo 
metric detection of a die contained within a fluid Sample 
receiving well. 

We claim: 
1. An electrochemical device for cooperating with an 

electronic meter capable of measuring electrical properties 
between at least two electrically conductive electrodes, 
comprising: 

at least two spaced apart electrically conductive elec 
trodes; 

a body of molded insulative material housing the elec 
trodes and partially embedding at least a portion of 
each of the electrodes; 

means for connecting the meter to the body; 
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means for receiving a fluid Sample, and, 
one or more Substances on at least one of the electrodes 

to change the electrical properties between the elec 
trodes upon reacting with the fluid Sample. 

2. The electrochemical device of claim 1 wherein the 
electrodes are Substantially molded into the insulative mate 
rial. 

3. The electrochemical device of claim 1 wherein the 
means for receiving the fluid Sample is a capillary inlet 
adapted to draw the fluid Sample into the body upon contact 
with the fluid sample. 

4. The electrochemical device of claim 3 wherein the 
capillary inlet is molded into an end of the body and is in 
communication with a reaction Zone. 

5. The electrochemical device of claim 4 wherein the 
reaction Zone is a channel formed in the body and is adapted 
for permitting the reaction of the fluid drawn into the body 
by the capillary force. 

6. The electrochemical device of claim 3 wherein the 
capillary inlet has a vent in communication there with for 
relieving pressure. 

7. The electrochemical device of claim 3 wherein the 
capillary inlet is molded into the body and is in communi 
cation with a reaction Zone, the reaction Zone being a 
chamber formed in the body, adapted for permitting the 
reaction of the fluid drawn into the body by the capillary 
force, and in communication with a vent for relieving 
preSSure. 

8. The electrochemical device of claim 1 wherein the 
electrodes are one of either conductive wires or formed from 
a conductive plate. 

9. The electrochemical device of claim 1 wherein at least 
one electrode is coated with a conductive material different 
than the composition of the electrode. 

10. The electrochemical device of claim 1 wherein an 
enzyme is on at least one of the electrodes and at least an 
antibody is on another of the electrodes. 

11. The electrochemical device of claim 10 wherein an 
electron mediator is on one or more of the electrodes. 

12. The electrochemical device of claim 1 wherein a 
coating is on at least one electrode with a reagent and an 
enzyme. 

13. The electrochemical device of claim 1 wherein the 
means for connecting the meter to the body is a plug formed 
at one end of the body exposing the electrodes outside the 
body for connecting the meter to the body. 

14. An electrochemical device for cooperating with an 
electronic meter capable of measuring electrical properties 
between at least two electrically conductive electrodes, 
comprising: 

at least two spaced apart electrically conductive elec 
trodes; 

a body of molded insulative material housing the elec 
trodes, partially embedding at least a portion of each of 
the electrodes, the body composed of at least two 
pieces, a body and an end cap, attached to one another; 

means for connecting the meter to the body; 
means for receiving a fluid Sample, and, 
one or more Substances on at least one of the electrodes 

to change the electrical properties between the elec 
trodes upon reacting with the fluid Sample. 
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15. The electrochemical device of claim 14 wherein the 
electrodes are Substantially molded into the insulative mate 
rial. 

16. The electrochemical device of claim 14 wherein the 
means for receiving the fluid Sample is a capillary inlet 
adapted to draw the fluid Sample into the body upon contact 
with the fluid sample. 

17. The electrochemical device of claim 16 wherein the 
capillary inlet is molded into an end of the body and is in 
communication with a reaction Zone. 

18. The electrochemical device of claim 17 wherein the 
reaction Zone is a channel formed in the body and is adapted 
for permitting the reaction of the fluid drawn into the body 
by the capillary force. 

19. The electrochemical device of claim 16 wherein the 
capillary inlet has a vent in communication there with for 
relieving pressure. 

20. The electrochemical device of claim 16 wherein the 
capillary inlet is molded into the body and is in communi 
cation with a reaction Zone, the reaction Zone being a 
chamber formed in the body, adapted for permitting the 
reaction of the fluid drawn into the body by the capillary 
force, and in communication with a vent for relieving 
preSSure. 

21. The electrochemical device of claim 14 wherein the 
electrodes are one of either conductive wires or formed from 
a conductive plate. 

22. The electrochemical device of claim 14 wherein at 
least one electrode is coated with a conductive material 
different than the composition of the electrode. 

23. The electrochemical device of claim 14 wherein an 
enzyme is on at least one of the electrodes and at least an 
antibody is on another of the electrodes. 

24. The electrochemical device of claim 23 wherein an 
electron mediator is on one or more of the electrodes. 

25. The electrochemical device of claim 14 wherein a 
coating is on at least one electrode with a reagent and an 
enzyme. 

26. The electrochemical device of claim 14 wherein the 
means for connecting the meter to the body is a plug formed 
at one end of the body exposing the electrodes outside the 
body for connecting the meter to the body. 

27. An electrochemical device for cooperating with an 
electronic meter capable of measuring electrical properties 
between at least two electrically conductive electrodes, 
comprising: 

at least two spaced apart electrically conductive elec 
trodes; 

a body of molded insulative material housing the elec 
trodes, partially embedding at least a portion of each of 
the electrodes, the body having a hinge constructed 
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therein for permitting the pivoting and connecting of a 
portion of the body onto itself; 

means for connecting the meter to the body; 
means for receiving a fluid Sample, and, 
one or more Substances on at least one of the electrodes 

to change the electrical properties between the elec 
trodes upon reacting with the fluid Sample. 

28. The electrochemical device of claim 27 wherein the 
electrodes are Substantially molded into the insulative mate 
rial. 

29. The electrochemical device of claim 27 wherein the 
means for receiving the fluid Sample is a capillary inlet 
adapted to draw the fluid Sample into the body upon contact 
with the fluid sample. 

30. The electrochemical device of claim 29 wherein the 
capillary inlet is molded into an end of the body and is in 
communication with a reaction Zone. 

31. The electrochemical device of claim 30 wherein the 
reaction Zone is a channel formed in the body and is adapted 
for permitting the reaction of the fluid drawn into the body 
by the capillary force. 

32. The electrochemical device of claim 29 wherein the 
capillary inlet has a vent in communication there with for 
relieving pressure. 

33. The electrochemical device of claim 29 wherein the 
capillary inlet is molded into the body and is in communi 
cation with a reaction Zone, the reaction Zone being a 
chamber formed in the body, adapted for permitting the 
reaction of the fluid drawn into the body by the capillary 
force, and in communication with a vent for relieving 
preSSure. 

34. The electrochemical device of claim 27 wherein the 
electrodes are one of either conductive wires or formed from 
a conductive plate. 

35. The electrochemical device of claim 27 wherein at 
least one electrode is coated with a conductive material 
different than the composition of the electrode. 

36. The electrochemical device of claim 27 wherein an 
enzyme is on at least one of the electrodes and at least an 
antibody is on another of the electrodes. 

37. The electrochemical device of claim 36 wherein an 
electron mediator is on one or more of the electrodes. 

38. The electrochemical device of claim 27 wherein a 
coating is on at least one electrode with a reagent and an 
enzyme. 

39. The electrochemical device of claim 27 wherein the 
means for connecting the meter to the body is a plug formed 
at one end of the body exposing the electrodes outside the 
body for connecting the meter to the body. 
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