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(57) Abstract: A test element (110) for electrochemically detecting at least one analyte in a bodily fluid is disclosed. The test ele -
ment (110) comprises at least one first electrode (116) and at least one second electrode (118). The first electrode (116) is designed
as a working electrode and the second electrode is designed as a counter electrode. The test element (110) comprises at least one ca-
pillary (160) capable of receiving a sample of the body fluid. The first electrode (116) and the second electrode (118) are arranged
on opposing sides of the capillary (160). The first electrode (116) and the second electrode (118) are arranged such that during a ca-
pillary filling the first electrode (116) and the second electrode (118) are wetted simultaneously and at an equal rate.
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Test element for electrochemically detecting at least one analyte

Field of the invention

The present invention discloses a test element for electrochemically detecting at least one
analyte, a method for producing the test element and a system for determining at least one
property of a sample. The method and devices according to the present invention may be
used for detecting at least one analyte present in one or both of a body tissue or a body
fluid, in particular the method and devices are applied in the field of detecting one or more
analytes such as glucose, lactate, triglycerides, cholesterol or other analytes, preferably
metabolites, in body fluids such as blood, preferably whole blood, plasma, serum, urine,
saliva, interstitial fluid or other body fluids, both in the field of professional diagnostics

and in the field of home monitoring. However, other fields of application are feasible.

Related art

In the field of medical technology and diagnostics, a large number of devices and methods
for detecting at least one analyte in a body fluid are known. The method and devices may
be used for detecting at least one analyte present in one or both of a body tissue or a body
fluid, in particular one or more analytes such as glucose, lactate, triglycerides, cholesterol
or other analytes, preferably metabolites, in body fluids such as blood, preferably whole
blood, plasma, serum, urine, saliva, interstitial fluid or other body fluids. Further devices
are known for measuring activating times, ¢.g. a thrombin activation time measurement for
coagulation monitoring. Without restricting the scope of the present invention, in the fol-
lowing, mainly reference is made to the determination of glucose as an exemplary and pre-

ferred analyte.

The determination of blood glucose concentration as well as a corresponding medication is
an essential part of daily routine for many diabetics. In order to increase convenience and
in order to avoid restricting the daily routine by more than a tolerable degree, portable de-
vices and test elements are known in the art, such as for measuring blood glucose concen-
tration during work, leisure or other activities away from home. In the meantime, many test
devices are commercially available. A large number of test devices and test systems are

known which are based on the use of test elements in the form of test strips. Applications
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are known, in which a multiplicity of test strips is provided by a magazine, wherein a test
strip from the magazine automatically may be provided to the testing device. Other appli-
cations, however, are known in which single test strips are used, which are inserted into the
testing device manually by a user. Therein, typically, the end of the test strip is adapted to
be inserted into the testing device and for detecting the analyte, wherein the opposing end
of the test strip serves as a handle enabling the user to push the test strip into the testing
device or to remove the test strip from the testing device. For applying the sample to the
test element, typical test elements provide at least one sample application site, such as a
capillary opening in capillary test elements or a sprite net in optical test strips having a top
dosing system. Test strips of this type are commercially available, e.g. under the trade
name Accu-Chek Active®. Alternatively to home care applications, such test elements

may be used in professional diagnostics, such as in hospital applications.

In many cases, for detecting the analyte, test elements are used, such as test strips, which
comprise one or more test fields having one or more test chemistries. The test chemistries
are adapted to change one or more detectable properties in the presence of the analyte to be
detected. Thus, electrochemically detectable properties of the test chemistry and/or optical-
ly detectable properties of the test chemistry may be changed due to the influence of the
presence of the analyte. For potential test chemistries which may be used within the pre-
sent invention, reference may be made to J. Hones et al.: Diabetes Technology and Thera-
peutics, Vol. 10, Supplement 1, 2008, S-10 to S-26. However, other types of test chemis-

tries may be used within the present invention.

In general, the detection of the at least one analyte can be performed by using an electro-
chemical test element. Commonly used are disposable electrochemical capillary sensor test
clements. Such test elements typically comprise at least one working electrode for detect-
ing the analyte as well as at least one counter electrode to support a current flow through a
measuring cell of the test element. In addition, optionally, the test element may comprise at
least one reference electrode. In alternative embodiments, a reference electrode may be
designed individually and/or may be combined with the counter electrode. However, other
types of measurement setups are possible, in order to derive an analyte concentration from

a comparison of electrode potentials.

Such test elements typically comprise a measuring cell. The measuring cell may be a capil-
lary configured to aspirate a liquid sample embedded between at least two electrode sur-
faces, in particular of the working electrode and the counter electrode. A voltage between
the at least two electrodes may be applied and a responding current is detected and con-

verted into a concentration value of the at least one analyte. Typically, the counter elec-
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trode is provided in order to close an electric circuit to the working electrode. For this pur-
pose, typically, redox currents and/or, to a lower extent, capacitive charging currents are
used. Typically, the working electrode comprises at least one detector substance adapted to
perform an oxidation reaction and/or a reduction reaction with the analyte. In many cases,
the detector substance comprises at least one enzyme such as glucose oxidase (GOD). In
case the detection reaction comprises an oxidation reaction at the working electrode, the
counter electrode typically provides a reduction reaction in order to close the electric cir-

cuit.

Specifically, the working electrode may be covered by at least one reagent layer. Often the
reagent layer may comprise an enzyme with a redox active enzyme co-factor to support a
specific oxidation of the analyte in the body fluid. The reagent layer may comprise further
a redox cycle providing substance, which may act as an electron acceptor. The redox cycle
providing substance may react with the enzyme co-factor and may transport electrons ta-
ken from the enzyme co-factor to the electrode surface by diffusion. At the electrode sur-
face, a redox mediator may be oxidized and the transferred electrons may be detected as a
current. The current may be proportional to a concentration of the analyte in the body fluid.
When applying the liquid sample to the measuring cell, the reagent may get dissolved and
a measuring process can be started by applying the voltage. The voltage is commonly ap-
plied to the electrodes by using conductive contact pads arranged at one end of the test

strip connected with conductive traces along the test strip.

In WO 00/20626, a sensor utilizing a non-leachable or diffusive redox mediator is de-
scribed. The sensor comprises an electrode pair comprising a working electrode and a
counter clectrode. The sensor comprises a sample chamber for holding the sample fluid in
electrolytic contact with the working electrode and the counter electrode. The sample
chamber comprises a measurement zone positioned adjacent to the working electrode and
the counter electrode. An analyte-responsive enzyme and a diffusible redox mediator are

disposed in the measurement zone.

Generally the working electrode may be designed as in blood glucose test elements, such
as test elements commercially available e.g. under the trade name Accu-Chek Aviva® or
Performa®, or as in coagulation monitoring test elements, such as test strips commercially
available e.g. under the trade name CoaguChek®. Thus, a plastic foil may be used as a test
carrier, which may be covered with at least one conductive layer building at least one con-
tact, conductive traces and electrode supports. The conductive layer may be sputtered as a
thin metal film directly on the test carrier and may be structured by one or more of laser

etching laser ablation or lithography. Alternatively, the structures may be created by screen
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or inkjet printing processes. The reagent layer may be applied to the test carrier by one or

more of coating, printing or dispensing.

The working electrode may be of one or more of a noble metal, such as gold, palladium,
platinum, or carbon in form of graphite or glassy carbon. For example in test strips of Ac-
cu-Chek Aviva® or Performa®, or CoaguChek® gold is used. Firstly, gold is a very ex-
pensive material. Further, the counter electrode may even be made from a reducible mate-
rial. In the art redox materials such as Ag/AgCl systems are known, such as for combined
counter electrodes/reference electrodes. In this case, the available oxidation potential of the
gold working electrode versus an Ag/AgCl electrode is limited to about 700 mV and gold
will get oxidized at higher voltages, which may cause high, unpredictable background cur-

rents.

Alternatively to gold, graphite electrodes may be used. Graphite may be used as a paste or
ink, containing also organic components allowing a coating process. Thick graphite films
may be structured by screen printing or a similar process. However, the printed graphite
electrode surfaces may have relative high tolerances and may cause higher imprecisions
compared to a sputtered, laser ablated gold electrode. All types of test elements with elec-
trodes produced in such electrode structuring processes require an exact positioning in la-
mination processes, wherein the structured test carrier and the capillary structure are as-
sembled. Thus, a manufacturing process of such a test strip may be complex, expensive
and inflexible. Further, structures of the test elements, as dimensions of the test elements,

are fixed and cannot be changed easily to produce variants of the test strip.

In test elements commonly used, the electrodes may be arranged in a coplanar configura-
tion. Due to manufacturing costs and process complexity, is may be desirable to produce
the electrodes during one production process, such as during one lamination process. Sam-
ples of the body fluid may be taken by pricking a finger tip by a user, for example in a self-
testing or a home care application. These samples may have small volumes, such as vol-
umes smaller than 2 pl. Hence, a capillary volume suitable for these samples has to be
small, such that for production reasons it may be only possible to coat the at least two co-
planar electrodes with the same reagent stripe in one lamination process. Thus, active in-
gredients in the reagent must not only support an analytical detection reaction at the work-
ing electrode, they also have to support electrode reactions on the counter electrode. How-
ever, this may set limits for usable chemistry options: the reagent has to be stable in liquid
during a coating process, which may last up to seven days; the reagent must not interfere
with redox active substances in the sample; and the working electrode current must not cut

off by a limited counter electrode reaction.



10

15

20

25

30

35

WO 2016/097079 PCT/EP2015/080132
-5-

In principle alternative configurations to a coplanar configuration are known. US
2004/0118705 Al describes electrochemical test strips having a plurality of reaction zones
defined by opposing metal electrodes separated by a thin spacer layer. The electrochemical
test strip comprises a reagent composition present in each of said reaction zones. EP 0964
059 BI1 discloses a biosensor comprising a working electrode base plate, a counter elec-
trode base plate, a reagent layer containing at least an enzyme and an electron mediator. A
working electrode is disposed on said working electrode base plate and a counter electrode
disposed on said counter clectrode base plate. Said working electrode and said counter
electrode are positioned so as to mutually face one another with a space between the elec-

trodes.

In WO 2009/053834 A1, a sensor with opposing electrodes and test strips using this sensor
is described. The sensor comprises a working electrode, a counter electrode and an electro-
chemical substrate, wherein the sensor detects the cleavage of the electrochemical sub-
strate. In WO01/57238 Al, an electrochemical test strip is disclosed comprising a reaction
zone defined by opposing working and reference electrodes separated by a spacer. A redox
reagent system is present in said reaction zone, wherein said redox reagent system com-

prises at least one enzyme and a mediator.

An opposing clectrode configuration allows the working and the counter electrode to be
coated with separate reagents. For example, the counter electrode may be coated with an
Ag/AgCl paste. However, the known devices with opposing electrode configurations re-
veal disadvantages. In particular, coating and drying processes of a manufacturing process
of the electrodes cannot be performed together, but have to be performed in parallel or se-
parate process steps. Therefore, the manufacturing process may be complex and thus ex-
pensive. Further, the attainable volume of the capillary may be higher compared to strip
designs with one reagent stripe. Such a fabrication process of opposing electrodes is de-
scribed in US 5,437,999. Said document discloses a method for fabricating high-resolution,
biocompatible electrodes, allowing production of an electrochemical sensor which is capa-
ble of precise analyte concentration determination on a very small sample size. Electrically
conducting material is affixed to a first insulating substrate. A second insulating substrate
is then affixed to the electrically conducting material and patterned using photolithography
to define an electrode area. It is outlined that the electrodes are manufactured on separate
picces of substrate material and thus the fabrication processes of the two clectrodes are
separated, allowing separation of the chemistries associated with the working and counter

electrodes.
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Further, as outlined above, a required electrode shape and/or structure of known electrodes
may be disadvantageous. In A. Heller and B. Feldman: Electrochemistry in Diabetes Man-
agement, Accounts of chemical research, Vol 43, No7, July 2010, 963-973, a test strip with
an opposing electrode configuration is shown. However, the described test strip requires
electrodes with a specific electrode structure. Therefore, an exact positioning is required

and thus the manufacturing process may be complex and expensive.

In US 2007/068807 Al a cantilevered analyte sensor for determining the concentration of
an analyte in a sample is described. The sensor comprises a sample chamber having an

overhanging substrate wall at a sample receiving end of the sensor.

Document US 2014/174947 A1 describes an analytical test strip having mutually-insulated
first and second electrodes arranged to define a sample-receiving chamber. Electrically-
insulating layers are disposed over respective electrodes. First and second electrical contact
pads are electrically connected to the first electrode, and a third pad to the second elec-
trode. A first side of the test strip has a first electrically-insulating layer and the third pad,
and a second side has the second electrically-insulating layer and the first and second pads.
The third pad extends longitudinally from the sample-receiving chamber farther than does
the first electrically-insulating layer. Further, methods for determining an analyte in a bodi-

ly-fluid sample and analytical test systems are described.

In EP 1 253 204 A2 a biosensor including an electrode support substrate, electrodes posi-
tioned on the electrode support substrate, a sensor support substrate coupled to the elec-
trode support substrate and electrically conductive tracks positioned on the sensor support

substrate is disclosed. Each track is in electrical communication with one of the electrodes.

US 2013/026050 A1 describes a dry reagent composition that includes an active redox
enzyme that oxidizes an analyte as a specific substrate to produce an inactive reduced form
of the enzyme. In addition, a test strip is disclosed which comprises first electrode in one
part of the strip construction and second electrode in a second part of the strip construction,
a sample cell for receiving a liquid sample formed by assembling the strip, wherein a liquid
sample disposed within the sample cell is in contact with the first and second electrodes
and a dry reagent deposited on exposed electrode before assembly and exposed surfaces

that allow electrical contact to be made to the electrodes.

In US 2005/214171 Al a device for sampling liquid samples is described. The device
comprises a capillary-active channel, a sampling site, and a determination site. The capil-

lary-active channel is configured for transporting a sample from the sampling site to the
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determination site. The capillary-active channel is substantially formed by a carrier, a cov-
er and an intermediate layer located between the carrier and cover. The carrier protrudes
beyond the cover in the area of the sampling site. The intermediate layer is displaced to-
wards the back in the direction of the determination site in the area of the sampling site so
that the carrier as well as the cover protrude beyond the intermediate layer. The device
allows sample to be applied from above onto the exposed area of the carrier in the area of

the sampling site and also allows sample to be applied from the side.

US 2005/279647 Al describes a test strip for measuring a concentration of an analyte of
interest in a biological fluid, wherein the test strip may be encoded with information that
can be read by a test meter into which the test strip is inserted.

Known test elements for home care and/or self-testing applications may have a front do-
sing or side dosing position for dosing or application of the sample into the capillary. As
outlined above, a sample of the body fluid may be taken by pricking a finger tip. Common-
ly, capillary openings may be arranged on a front edge or a side edge of the test element.
However, for the usage in professional settings, such as in hospitals, a significant part of
the overall testing may be from venous or arterial blood taken from sample tubes, so that
transfer devices like pipettes, glass capillaries or syringes have to be used for dosing or
application of the sample. Thus, capillary openings on the front edge or the side edge may

be not convenient and difficult to handle with those transfer devices.

Problem to be solved

It is therefore an objective of the present invention to provide a test element, which can be
manufactured in an easy and cost effective process, such as without any positioning de-
pendent alignment required in the whole manufacturing process. Further, a sample dosing
to the test elements shall be convenient and easy to handle both in home care and in pro-

fessional diagnostics applications.

Summary of the invention

This problem is solved by a test element for electrochemically detecting at least one ana-
lyte, a method for producing a test element and a system for determining at least one pro-
perty of a sample with the features of the independent claims. Preferred embodiments,
which might be realized in an isolated fashion or in any arbitrary combination, are listed in

the dependent claims.
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As used in the following, the terms “have”, “comprise” or “include” or any arbitrary
grammatical variations thereof are used in a non-exclusive way. Thus, these terms may
both refer to a situation in which, besides the feature introduced by these terms, no further
features are present in the entity described in this context and to a situation in which one or
more further features are present. As an example, the expressions “A has B”, “A comprises
B” and “A includes B” may both refer to a situation in which, besides B, no other element
is present in A (i.e. a situation in which A solely and exclusively consists of B) and to a
situation in which, besides B, one or more further elements are present in entity A, such as
element C, elements C and D or even further elements.

Further, as used in the following, the terms "preferably”, "more preferably”, "particularly”,
"more particularly”, "specifically”, "more specifically” or similar terms are used in con-
junction with optional features, without restricting alternative possibilities. Thus, features
introduced by these terms are optional features and are not intended to restrict the scope of
the claims in any way. The invention may, as the skilled person will recognize, be per-
formed by using alternative features. Similarly, features introduced by "in an embodiment
of the invention" or similar expressions are intended to be optional features, without any
restriction regarding alternative embodiments of the invention, without any restrictions
regarding the scope of the invention and without any restriction regarding the possibility of
combining the features introduced in such way with other optional or non-optional features

of the invention.

In a first aspect of the present invention, a test element for electrochemically detecting at
least one analyte on a bodily fluid is disclosed. As further used herein, the term "analyte"”
may refer to an arbitrary element, component or compound which may be present in a
body fluid and the concentration of which may be of interest for a user or a patient. Prefer-
ably, the analyte may be or may comprise an arbitrary chemical substance or chemical
compound which may take part in the metabolism of the patient, such as at least one me-
tabolite. As an example, the at least one analyte may be selected from the group consisting
of glucose, cholesterol, triglycerides, lactate. Additionally or alternatively, however, other
types of analytes may be used and/or any combination of analytes may be determined.
Generally, an arbitrary type of body fluid may be used. As generally used within the pre-
sent invention, the term "patient" may refer to a human being or an animal, independent
from the fact that the human being or animal, respectively, may be in a healthy condition
or may suffer from one or more diseases. As an example, the patient may be a human be-
ing or an animal suffering from diabetes. However, additionally or alternatively, the inven-

tion may be applied to other types of users or patients.
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The body fluid may be a body fluid which is present in a body tissue of the patient, such as
in the interstitial tissue. Thus, as an example, the body fluid may be selected from the
group consisting of blood and interstitial fluid. However, additionally or alternatively, one
or more other types of body fluids may be used. The body fluid generally may be con-

tained in a body tissue.

As used herein, the term “test element” refers to an arbitrary device which is capable of
detecting the analyte in the body fluid, preferably by comprising at least one component
which changes at least one detectable property when the analyte is present in the body fluid
such as a test chemistry, such as one or more of the test chemistries disclosed in the prior
art listed above. The term “test chemistry” refers to an arbitrary material or a composition
of materials adapted to change at least one detectable property in the presence of the at
least one analyte. Generally, this property may be selected from an electrochemically de-
tectable property and/or an optically detectable property, such as a color change and/or a
change in remissive properties. For potential chemistries, reference may be made to the
above-mentioned prior art. Specifically, the at least one test chemistry may be a highly
selective test chemistry, which only changes the property if the analyte is present in a sam-
ple of a body fluid applied to the test element, whereas no change occurs if the analyte is
not present. More preferably, the degree or change of the at least one property is dependent
on the concentration of the analyte in the body fluid, in order to allow for a quantitative
detection of the analyte. As an example, the test chemistry may comprise at least one en-
zyme, such as glucose oxidase and/or glucose dehydrogenase. Additionally or alternative-
ly, the test chemistry may comprise one or more co-enzymes and/or one or more media-
tors. Further, alternatively or additionally, the test chemistry may comprise one or more
dyes, which, preferably in interaction with the one or more enzymes, may change their
color in the presence of the at least one analyte to be detected. For further potential embod-
iments, reference may be made to the above-mentioned prior art documents. As used here-
in, the term “electrochemically detection” refers to a detection of an electrochemically de-
tectable property of the analyte, such as an electrochemical detection reaction. Thus, for
example, the electrochemical detection reaction may be detected by comparing one or
more electrode potentials, such as an electrostatic potential of a working electrode with the
electrostatic potential of one or more further electrodes such as a counter electrode or a
reference electrode. The detection may be analyte specific. The detection may be a qualita-
tive and/or a quantitative detection. The test element may be a strip-shaped test element.
As used herein, the term “strip-shaped” refers to an element having an elongated shape and
a thickness, wherein an extension of the clement in a lateral dimension exceeds the thick-

ness of the element, such as by at least a factor of 2, preferably by at least a factor of 5,
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more preferably by at least a factor of 10 and most preferably by at least a factor of 20 or

even at least a factor of 30. The test element may be a test strip.

The test element comprises at least one first electrode and at least one second electrode.
The first electrode is designed as a working electrode and the second electrode is designed
as a counter electrode. As used herein, the term "electrode” refers to an entity of the test
element which is adapted to get in contact with the body fluid, either directly or via at least
one semipermeable membrane or layer. Each electrode may be embodied such that an elec-
trochemical reaction may take place at the electrode. Thus, the electrodes may be embod-
ied such that an oxidation reaction and/or a reduction reaction may take place at the elec-
trodes. As used herein, the term “working electrode” refers to an electrode being adapted
for performing at least one electrochemical detection reaction for detecting the at least one
analyte in a body fluid. Thus, the working electrode may comprise at least one reagent,
such as one test chemistry. As used herein, the term “counter electrode” refers to an elec-
trode adapted for performing at least one electrochemical counter reaction adapted for bal-
ancing a current flow required by the detection reaction at the working electrode. The test
element may further comprise at least one reference electrode, for example a combined
counter electrode/reference electrode system. As used herein, the term working electrode
refers to an clectrode being adapted for performing at least one electrochemical detection

reaction for detecting the at least one analyte in a body fluid.

The first electrode and the second electrode may have the same dimension. The term “di-
mension” refers to one or more of a width, a length, a surface area, a shape of the first and
the second electrodes. In particular, the first and the second electrodes may be designed
with a non-structured electrode shape, such as a shape without structures such as inlets,
notches etc. The shape of the electrodes may be determined by a manufacturing process,
such as a cutting process. Thus, the shape may be essentially rectangular, wherein the term
“essentially rectangular” refers to that within tolerances of manufacturing deviations from

a rectangular shape are possible.

The first electrode and the second electrode may be made of a non-corrosive and non-
passivating material. With regard to possible electrode materials, reference may be made to

the prior art documents cited above.

The first electrode may comprise at least one electrode conductive layer and at least one
reagent coating in contact with the first electrode conductive layer. The term “electrode
conductive layer” refers to a layer with electrically conductive properties. The term "elec-

trically conductive" refers to an electric conductivity, typically given in S/m or 1/Qm of at
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least 10° S/m, preferably of at least 10° S/m and, more preferably, of at least 10° S/m. The
first electrode conductive layer may comprise at least one of: a metal layer, in particular a
noble metal layer selected from the group consisting of palladium, silver or gold; a conduc-
tive carbon layer, in particular a carbon paste layer. However, other types of metals may be
used in addition or alternatively. As used herein, the term "paste" refers to an amorphous
substance containing one or more particulate components, such as one or more conductive
components and/or powders, as well as one or more binder materials, such as one or more
organic binder materials. Additionally or alternatively, the first electrode conductive layer
may comprise an aluminum layer, such as a sputtered aluminum layer, combined with a

conductive carbon paste.

The first electrode conductive layer may be disposed on a first electrode carrier layer, pre-
ferably a first electrode carrier foil. In one embodiment, the first electrode carrier layer
may be coated with a conductive carbon paste, preferably homogenously. Alternatively, as
outlined above, the first electrode carrier layer may be coated e.g. with gold or gold on
palladium etc. The test element may be produced in a continuous tape manufacturing pro-
cess. Thus, the coated layer may be coated as thin as possible such that a multi-layer wind-
ing up of the continuous tape on a reel in a manufacturing process is possible. The first
clectrode may have a multi-layer setup. As used herein, the term “electrode carrier layer”
refers to an element of the first electrode onto which further layers or elements of the first
electrode can be applied. In general, the electrode carrier layer may have an arbitrary
shape, such as a strip-shape. The first electrode carrier layer may comprise a flexible sub-
strate, such as a plastic material and/or a laminate material and/or a paper material and/or a
ceramic material. The electrode carrier layer may comprise a foil, in particular a polymeric
foil. The first electrode conductive layer may extend from a first longitudinal edge of the
first electron carrier layer to a second longitudinal edge of the first electrode carrier layer.
The first electrode conductive layer may fully cover the first electrode carrier layer. Thus, a
width of the first electrode conductive layer corresponds to a width of the first electrode
carrier layer, wherein the term “width” of the first electrode carrier layer and the first elec-
trode conductive layer refers to a maximum extension perpendicular to an elongated test
element direction. However, as will be outlined below, embodiments are preferred, where-
in a length of the first electrode conductive layer may be different to a length of the first
electrode carrier layer, in particular such that a handle length of the first electrode conduc-
tive layer may be shorter than the length of the first electrode carrier layer such that a han-

dle of the test element may be formed.

The reagent coating may comprise at least one reagent stripe coated onto the first electrode

conductive layer. In one embodiment, the reagent stripe may be coated onto the first elec-
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trode carrier layer. The reagent stripe material may comprise at least one detector sub-
stance to perform an electrically detectable electrochemical detection reaction with the
analyte. The at least one detector substance may comprise one or more enzymes, such as
glucose oxidase (GOD) and/or glucose dehydrogenase (GDH), preferably an enzyme
which, by itself and/or in combination with other components of the detector substance,
preferably is adapted to perform an oxidation and/or reduction reaction with the at least
one analyte to be detected. The reagent stripe material may further comprise one or more
auxiliary components, such as one or more co-enzymes and/or may comprise one or more
mediators which may be adapted for an improved charge transfer from one component of
the detection reaction to another component. The reagent stripe may be coated homoge-
nously onto the first electrode conductive layer. The coating may be performed in a die
coating process in at least one coating device followed by a drying process by running
through at least one drier.

The second electrode may comprise at least one second electrode conductive layer. The
second electrode conductive layer may comprise at least one of: a metal layer, preferably a
metal layer selected from the group consisting of palladium, silver or gold; a conductive
carbon layer, in particular a carbon paste layer. The second electrode may further comprise
Ag/AgCl, in particular an Ag/AgCl paste. The Ag/AgCl paste may be coated onto the se-
cond electrode conductive layer such that an area coated with the Ag/AgCl paste may face
the reagent coating of the first electrode conductive layer. The second electrode conductive
layer may be disposed on a second electrode carrier layer, preferably a second electrode
carrier foil. The second electrode carrier foil may be designed as a cover foil of the test
element. In one embodiment, the second electrode carrier layer may be coated with a silver
layer, for example, the second electrode carrier layer may be sputtered with a silver layer.
The second electrode conductive layer may extend from a first longitudinal edge of the
second electrode carrier layer to a second longitudinal edge of the second electrode carrier
layer. The second electrode conductive layer may fully cover the second electrode carrier
layer. Thus, a width of the second electrode conductive layer corresponds to a width of the
second electrode carrier layer, wherein the term “width” of the second electrode carrier
layer and the second electrode conductive layer refers to a maximum extension perpen-

dicular to an clongated test element direction.

The test element comprises at least one capillary capable of receiving a sample of the body
fluid. As used herein, the term “capillary” refers to an element which is adapted to receive
the sample of the body fluid and/or transport the sample of the body fluid by capillary
forces. The capillary element may comprise at least one volume configured to receive the

sample of the body fluid, ¢.g. one or more capillary caps and/or one or more capillary slots
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and/or one or more capillary tubes having an arbitrary cross-section, such as a rectangular

cross-section and/or a rounded cross-section and/or a polygonal cross-section.

The first electrode and the second electrode are arranged on opposing sides of the capil-
lary. The first and the second electrode are arranged as opposing electrodes, such that a
surface of the first electrode faces a surface of the second electrode. The first electrode and
the second electrode are arranged such that during a capillary filling the first electrode and
the second electrode are wetted simultancously and at an equal rate. An increment of a
wetted surface area dA1 of the first electrode per increment dV of a filled volume of the
capillary at all times may equal an increment of a wetted surface area dA2 of the second
electrode. Consequently, as used herein, the term “wetting at an equal rate”, in this context,
generally refers to the fact that dA1/dV = dA2/dV, i.e. that the ratios of the wetted surface
arca and the filled volume are equal for both electrodes, at least after a time required for
reaching an equilibrium state. The time dependency of the wetting, however, not necessari-
ly is equal, i.c. the equation dA1/dt = dA2/dt may be true for all times but may also not be
true for all points in time. The first electrode and the second electrode may be aligned in
parallel, in particular as surfaces which are parallel to each other at least in the direction
defined by the length of the capillary. Further, as outlined above, the first and the second
electrode may have the same dimensions and may have a non-structured shape. The first
electrode may extend over a full length of the capillary. The second electrode may extend
over a full length of the capillary. As used herein, the term “length of the capillary” refers
to a maximum extension of the capillary in one dimension within the test element. In one
embodiment, the capillary may extend perpendicular to the elongated test element direction
such that in this case the length of the capillary refers to a maximum extension of the capil-
lary perpendicular to the eclongated test element direction. In an alternative embodiment,
the capillary may extend along the elongated test element direction such that in this case
the length of the capillary refers to a maximum extension of the capillary along the elon-

gated test element direction.

The first electrode and the second electrode are arranged such that during a capillary filling
the first electrode and the second electrode are wetted simultancously. An increment of a
wetted surface area dA1 of the first electrode per increment dV of a filled volume of the
capillary at all times may equal an increment of a wetted surface area dA2 of the second
electrode. As used herein, the term “capillary filling” refers to a process of receiving the

sample of the body fluid.

The first electrode and the second electrode and the capillary in between the first electrode

and the second electrode form an electrochemical cell, wherein the test element is config-
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ured to detect the at least one analyte independently of a filling level of the electrochemical
cell. The electrochemical cell may extend over the full length of the capillary. Hence, the

first electrode and the second electrode may extend over the full length of the capillary.

The sample of the body fluid may be applicable to one or more of: a side dose position, a
top dose position, a front dose position. As used herein, the term “side dose position” refers
to a position on an clongated edge of the test element where the sample of the body fluid is
applicable, e.g. the test element may comprise at least two opposing openings at edges of
the test element. A side dose position may be an ideal application position for capillary
blood from a finger stick. As used herein, the term “top dose position” refers to a position
where the sample of the body fluid can be applied from above through a layer set-up of the
test element into the capillary. The test element may comprise a top dose position and fur-
ther a through hole extending through a cover foil into the capillary. As used herein, the
term “cover foil” refers to an element of the test element confining a layer setup of the test
element, e.g. a top foil. The cover foil may be configured as the first electrode carrier layer
or the second electrode carrier layer. The through hole may be positioned such that the
through hole may touch the capillary at one edge of at least one capillary wall. A top dose
position may be an ideal application position for dosing the sample with a transfer device,
e.g. a pipette. Further, in case the test element comprises at least one top dose position, it
may be possible to close the capillary on all sides if a appropriate venting of the capillary
space is possible, e.g. via a venting element, ¢.g. a small vent hole opening or a venting
membrane. As used herein, the term “front dose position” refers to a position at a front face
of the test element, wherein the term “front face” refers to a front surface area of a width of
the test element. For example, the front dose position may be an open side at the front face.
The side dose position, the top dose position and the front dose position may be positioned
at a distance to a region of the test element inserted into a further measurement device, e.g.
a meter, such that no sample is transferred into the further measurement device. This is

advantageous under hygienic aspects and cleaning and disinfection requirements.

The test element may have an elongated shape extending along a longitudinal axis, wherein
the capillary at least partially extends along the longitudinal axis of the test element. The
term “at least partially extending along the longitudinal axis” refers to embodiments
wherein the capillary may fully extend along the longitudinal axis and/or embodiments
wherein parts of the capillary may not extend along the longitudinal axis. In particular, this
embodiment may be used if testing times significantly longer than a minute, e.g. testing
times of more than 5 minutes, are required, because the sample within the capillary will not
dry off. Further, this embodiment may be used in case the sample has to be transported to a

further device, ¢.g. to a heating device, preferably a thermostatic controlled heating device
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within the meter, in case test parameters might need to be heated up to a temperature above
the surrounding temperature. The test element may comprise a region insertable into the
further device. The capillary may comprise a vent hole opening, such as a vent hole open-
ing at an end of the capillary in direction of the insertable region. In this embodiment, the
first electrode may comprise a second reagent coating in direction of the insertable region
which may create a hydrophobic surface. The hydrophobic surface may hinder to pass the
sample of the body fluid up to the vent hole and thus to contaminate the further device. To
ensure a reliable and quick sample transport, in general, capillary walls may be hydro-
philic. Thus, surfaces of the capillary walls may be treated with at least one detergent
and/or with at least one surfactant, in particular the surfaces of first electrode and the sec-

ond electrode which are arranged on opposing sides of the capillary.

The test element may have an elongated shape extending along a longitudinal axis, wherein
the capillary at least partially extends perpendicular to the longitudinal axis. The term “at
least partially extending perpendicular to the longitudinal axis™ refers to embodiments
wherein the capillary may fully extend perpendicular to the longitudinal axis and/or em-
bodiments wherein parts of the capillary may not extend perpendicular to the longitudinal
axis. The capillary may extend from a first opening at a first longitudinal edge of the test
clement to a second opening at a second longitudinal edge of the test element. The capil-
lary may have an open side at a front face of the test element. The test element may have a
front dose position located at the front face of the test element. The capillary may comprise

a vent hole.

The test element may comprise a side dose position located on one or both of the first
opening or the second opening. In one embodiment, the capillary may be open at three
sides. The capillary may comprise three openings for receiving the sample of the body flu-
id, for example the capillary can receive the sample from at least two side dose positions
such as opposing openings of the capillary on opposing edges of the test element and a
third dose position such as a top opening or a front opening. If the test element comprises a
side dose position and therefore a first opening and the second opening, one of these open-
ings may be used for sample dosing and the other opening has the function of a vent hole
opening. In this embodiment no separate vent hole opening is necessary.

At least one wall of the test element located outside the capillary but next to the opening
for receiving the sample of the body fluid may be at least partially coated by at least one
hydrophobic coating. The hydrophobic coating may avoid an outspreading of the sample of
the body fluid outside the capillary and therefore may support the filling of the capillary.
For example, a hydrophobic coating may be applied on top of the second electrode carrier

layer, e.g. at the top dose position, and/or in front of the first electrode carrier layer.
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The test element may comprise a strip handle. As used herein, the term “strip handle” re-
fers to an element of the test element configured to avoid getting in contact with the sample
of the body fluid, such as when handling the test element, e¢.g. when taking the test element
out of a storage vial, inserting the test element into the further device or pulling out the test
clement from the further device. The test element may comprise a layer setup disposed on
top of at least one carrier element, wherein the carrier element, in a longitudinal direction

of the test element, protrudes from the layer setup, thereby forming the strip handle.

The test element may comprise at least one carrier element. As used herein, the term “car-
rier element” refers to an arbitrary element comprising one or more components. The carri-
er element may be adapted to carry other components of the test element, such as the at
least one test field. Thus, the carrier element may comprise a single-layer set-up of a multi-
layer set-up, such as a laminate set-up. The carrier element may comprise one or more ma-
terials such as plastic materials and/or paper materials and/or cardboard-materials and/or
ceramic materials. Most preferably, the carrier element may comprise a flexible substrate,
¢.g. one or more plastic materials selected from the group consisting of: a polycarbonate, a
polyethylene, a polyethylene terephthalate, an acrylonitrile-butadiene-styrene. However, in
addition or alternatively, other plastic materials are applicable. Additionally or alternative-
ly, the carrier element may comprise one or more metallic materials such as aluminum.
Further, combinations of materials are possible, such as laminate materials, wherein the
combinations may comprise two or more different types of materials, such as a combina-
tion of plastic materials and metallic materials, such as in a layer setup. In general, the car-
rier element may have an arbitrary shape, such as a strip-shape. The at least one carrier foil
may be a polymer foil. The at least one carrier foil may be configured to provide a stability

of the test element.

The test element may comprise a first electrode contact zone and a second electrode con-
tact zone configured to contact the first electrode and the second electrode with the further
device, in particular a meter. In one embodiment, the first electrode contact zone and the
second electrode contact zone may be configured to be electrically contacted from the
same side of the test element. The first electrode contact zone and the second electrode
contact zone may be arranged in different layers of a layer setup of the test element, where-
in one of the first electrode contact zone and the second electrode contact zone may pro-
trude over the other one of the first electrode contact zone and the second electrode contact
zone. The first electrode contact zone and the second electrode contact zone may form dif-
ferent steps of a staircase configuration of the layer setup. For example, the first electrode
contact zone and the second electrode contact zone may be two rectangular zones at one

end of the test element. The first and second electrode contact zones may each be hit upon



10

15

20

25

30

35

WO 2016/097079 PCT/EP2015/080132
-17 -

by at least one connector of the further device, e.g. meter connector pins. The further de-
vice may have two pairs of connectors, one pair for each of the first and the second elec-
trode. One connector of ecach connector pair may be configured to support a current flow
through the test element. The other connector may be used to detect a voltage. Such a con-
figuration, also called 4-wire-technique, may allow an electronic controller of the further
device to compensate voltage drop induced by parasitic transfer resistances at connection
spots of the first and second electrode contact zones and the connectors. However, as the
first electrode and the second electrode may be configured as opposing electrodes, to allow
an electrical contact from the same side of the test element, the first electrode or the second
electrode may be electrically contacted by at least one electrically conductive turnover ele-

ment, as will be outlined in detail below.

In one embodiment, the first electrode contact zone and the second clectrode contact zone
may be configured to be electrically contacted from opposing sides of the test element. The
first electrode may be contacted through the first electrode contact zone protruding out of
the test element layer setup. A punched hole through the cover foil and the spacer foil may
be configured as the second electrode contact zone, in particular a contact hole. Thus, no
additional electrically conductive turnover element may be required as for the same side
contact as outlined above. The first and second electrode contact zones may be hit upon by
the at least one connector of the further device, e.g. meter connector pins. Preferably, the
further device may have two pairs of connectors, one pair for each of the first and the se-
cond electrode. One pair of connectors may contact one of the first or second electrodes
from one side of the test element, whereas the other pair may contact the other one of the

first or second electrode from an opposing side of the test element.

One or both of the first electrode or the second electrode may be electrically contacted by
at least one electrically conductive turnover element, wherein the first or second electrode,
respectively, may be oriented to face a first direction, wherein the electrically conductive
turnover element may be contactable from a second direction, the second direction being
an opposite direction of the first direction. The electrically conductive turnover element
may comprise at least one of an electrically conductive layer or an electrically conductive
foil having a first section and a second section, the first section electrically contacting the
first or second electrode, respectively, and the second section being electrically contacta-
ble. For example, the electrically conductive turnover element may be configured as a con-
ductive adhesive layer. The electrically conductive turnover element may be partially co-
vered by at least one layer comprising the first or second electrode, respectively, wherein
the second section may be located in an uncovered region. As used herein, the term “par-

tially covered” refers to that parts of the electrically conductive turnover element may be
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covered by the at least one layer comprising the first or second electrode and parts of the
electrically conductive turnover element may be uncovered. The electrically conductive

turnover element may be laminated to the first or second electrode, respectively.

The test element may comprise a layer setup, wherein the first electrode may comprise at
least one first electrode conductive layer disposed on at least one first electrode carrier lay-
er, wherein the second clectrode may comprise at least one second electrode conductive
layer disposed on at least one second clectrode carrier layer. The layer setup may be ar-
ranged such that the first electrode conductive layer faces the second electrode conductive
layer, with the capillary in between. At least one spacer layer may be disposed in between
the first electrode conductive layer and the second electrode conductive layer. Further, the
layer setup may comprise at least one adhesive layer. A height of the electrochemical cell
may be defined by a thickness of the spacer layer and of adhesive layers in between the
first and second electrode. Embodiments are feasible, wherein the at least one adhesive
layer may be arranged between the carrier element and the first electrode carrier layer,
and/or between the reagent coating and the spacer layer. For example, in case the at least
one adhesive layer may be arranged between the carrier element and the first electrode
carrier layer, the at least one adhesive layer may be positioned such that a region defined
by a position of the electrochemical cell is not covered by the adhesive layer such that a
gap between the carrier element and the first electrode may be formed. Thus, in case a user
may inadvertently bend the test element, a distance between the first and the second elec-
trode surfaces may remain unaffected. Further, the at least one adhesive layer may be a
conductive adhesive layer, e.g. a silver-based adhesive, which may be arranged between
the cover foil and the second electrode conductive layer and/or the second electrode con-
ductive layer and the spacer layer. However, other arrangements of adhesive layers may be

feasible.

The test element may comprise a layer setup. The working electrode may comprise at least
one first electrode conductive layer. The first electrode conductive layer may comprise a
carbon ink coating. The first electrode conductive layer may be disposed on at least one
first electrode carrier layer. The first electrode carrier layer may be a foil, e.g. a top foil.
The working electrode may comprise at least one reagent coating, ¢.g. a detection reagent
coating, in contact with the first electrode conductive layer. The reagent coating may cover
at least partially the first electrode conductive layer. The counter electrode may comprise at
least one second electrode conductive layer. The second electrode conductive layer may
comprise a carbon ink coating. The second electrode conductive layer may be disposed on
at least one second electrode carrier layer. The second electrode carrier layer may be a foil,

¢.g. a bottom foil. The counter electrode may comprise at least one reagent coating in con-
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tact with the second electrode conductive layer. The reagent coating may comprise a redox
chemistry. The reagent coating may comprise an Ag/AgCl ink. The reagent coating may
cover at least partially the second electrode conductive layer. The reagent coating of the
working electrode and the counter electrode may cover equal areas of the respective elec-
trode conductive layers. At least one spacer layer may be disposed in between the first
electrode conductive layer and the second electrode conductive layer. Adhesive layers may
be applied to one or both sides of the spacer layer. Thus, the first electrode conductive lay-
er and the second electrode conductive layer may be fixed within the layer setup by the
spacer layer. The first electrode and the second electrode and the capillary in between the
first electrode and the second electrode form an electrochemical cell. The electrochemical
cell may extend over the full length of the capillary. The first electrode and the second
electrode may extend over the full length of the capillary. The spacer layer may be ar-
ranged such that it does not extend over the full length of the test element. For example,
the spacer layer may cover the capillary partly. The capillary may be open at three sides.
The sample of bodily fluid may be applicable to a side dose position and a front dose posi-

tion.

Further the test element may comprise a first electrode contact zone and a second electrode
contact zone configured to contact the working electrode and the counter electrode with a
further device. The first electrode contact zone and/or the second electrode contact zone
and the side and front dose positions may be arranged at opposing ends of the test element.
The first electrode contact zone and the second electrode contact zone may be arranged in
different layers of the layer setup of the test element. The first electrode contact zone and
the second electrode contact zone may be configured to be electrically contacted from op-
posing sides of the test element, for example at top and at bottom sides of the test element.
The first electrode conductive layer and the first electrode carrier layer may form an over-
hang on the contact side of the test element over the second electrode conductive layer and
the second electrode carrier layer. Thus, parts of the first electrode conductive layer may be
exposed and may allow contacting the working electrode with the further device. As de-
scribed above, the spacer layer may be arranged such that it does not extend over the full
length of the test element. The spacer layer may comprise at least one hole and/or at least
one recess, which may have an arbitrary form, for example circular or rectangular. The
spacer layer may be formed in one part or in multiple parts. The second electrode contact
zone may be formed in the following way: The first electrode conductive layer and the first
electrode carrier layer may comprise at least one hole and/or at least one recess, which may
have an arbitrary form, for example circular or rectangular. For example, the at least one
recess in the first electrode conductive layer and the first electrode carrier layer may be

formed by cutting and/or punching. The spacer layer may be arranged such that, within the
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layer setup of the test element, the spacer layer may not cover the at least one hole and/or
at least one recess of the first electrode conductive layer and the first electrode carrier lay-
er. For example, the at least on recess in the spacer layer may be formed by cutting and/or
punching. Thus, parts of the second electrode conductive layer may be exposed and may

allow contacting the counter electrode with the further device.

In a further aspect of the present invention, a method for producing a test element, dis-
closed in one or more of the embodiments above or disclosed in further detail below, is
disclosed. The method comprises at least one step of forming a layer setup. The first elec-
trode, the second electrode and the capillary are formed such that the first electrode and the
second electrode are arranged on opposing sides of the capillary. For a description of pos-
sible embodiments and definitions of the test element, reference can be made to the above-

mentioned test element according to the present invention.

The method may comprise the method steps disclosed in further detail below. The method
steps, as an example, may be performed in the given order. However, a different order is
also feasible. Further, one or more or even all of the method steps may be performed in
parallel or in a timely overlapping fashion. Further, one or more or even all of the method

steps may be performed once or repeatedly.

In a particular embodiment, the test element may be a test strip, e.g. the test element has a

strip-shape, in particular a rectangular base area.

The test element may be produced in a continuous process. As used herein, the term “con-
tinuous process” refers to an arbitrary process in which, by contrast with batch-to-batch
processes, production proceeds successively and without interruption of a supporting tape,
¢.g. a carrier tape. The continuous process may be a reel-to-reel process. For example, the
supporting tape may be provided from a starting roller and may be wound up onto a further

roller after laminating further tapes onto it.

The step of forming the layer setup may comprise at least one lamination step, wherein in
the lamination step at least two layers are combined by a lamination process. The lamina-
tion step may comprise a lamination of at least two tapes. The layer setup may comprise
the above described elements of the test elements such as one or more of the carrier ele-

ment, the first electrode, the second electrode, the spacer layer, at least one adhesive layer.

The method further may comprise cutting the layer setup into test strips. The layer setup

may be a tape-shaped layer setup, wherein a width of the tape-shaped layer setup defines a
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length of the test strips. The length of the test strip may be understood as maximum exten-
sion of the test trip in an elongated direction. The width of the laminated tapes may be un-
derstood as maximum extension in a dimension perpendicular to a tape elongation direc-
tion, wherein in the tape elongation direction the extension of the tape exceeds an exten-
sion perpendicular to a tape elongation direction, preferably by at least a factor of 3, at
least a factor of 10, or even at least a factor of 100. The term “cutting” may be understood
as dividing the laminated tape into separated test strips, such that the separated test strips
may be used individually. The layer setup, e.g. the laminated tape, may have a length al-
lowing for cutting several test strips, preferably 10 or more, more preferably 20 or more,
and most preferably 50 test strips or more, from one tape. The cutting may be performed
by a cutting device. Such a strip design made from an endless unstructured tape may be
advantageous because the strip length and width can easily be adapted by changing the

cutting distance and lamination tape widths.

The forming of the capillary may comprise cutting out the capillary from at least one spa-
cer. The cutting may comprise a kiss-cut process. In the kiss-cut process, a cutting profile
wheel may be used. The spacer, in particular a spacer tape forming after cutting the spacer
layer of the test element, may be covered on both sides with one or both of an adhesive and
a release liner. The spacer may run through a gap between two contrary rotating wheels,
where one wheel is the cutting profile wheel such that an outlined capillary shape may be
cut into the spacer. The strip width may be defined by a distance between two cut capillary

structures.

The working electrode may comprise at least one reagent, wherein the method may com-
prise coating a reagent stripe onto at least one carrier layer. The coating may comprise a
die coating process. The die coating further may comprise running the reagent stripe

through a drier following a coating device.

The supporting tape, e.g. a carrier layer, may be provided, in particular as a polymer foil.
On top of the carrier layer, a first electrode carrier layer is laminated. The first electrode
carrier layer may be coated with a conductive layer. The first electrode carrier layer may
have a smaller width than a width of the supporting tape such that, when laminating the
coated electrode carrier layer and the supporting tape, the strip handle may be formed. The
spacer layer may be laminated onto the coated first electrode carrier layer. The spacer layer
may have a width smaller than the coated first electrode carrier layer. The spacer layer may
be laminated onto the coated first electrode carrier layer such that on both edges of the
coated first electrode carrier layer a part may be uncovered from the spacer layer, forming

an electrode contact zone. The spacer layer may be coated with a conductive material,
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preferably sputtered with a thin silver layer. Onto the spacer layer a conductive adhesive
layer may be laminated, such that the first and second electrode contact zones may be un-
covered. On top of the conductive adhesive layer, the second electrode carrier layer may be
laminated, which may be coated with a thin silver layer, which may coated by a stripe of
an Ag/AgCl paste. The stripe may be positioned such that it faces the first electrode rea-
gent layer. Finally, the layer setup may be cut such that the capillary is open at three sides.

Further, the method may comprise creating holes in the test element, e.g. holes for a top
dose position, a contact hole, a vent hole opening. In general, the holes may have an arbi-

trary shape, e.g. a rectangular shape or a round shape.

In a further aspect, a system for determining at least one property of a sample is disclosed.
The system comprises at least one test element, disclosed in one or more of the embodi-
ments above or disclosed in further detail below. The system further comprises at least one
measurement device adapted for performing at least one electrical measurement using the
test element. For a description of possible embodiments and definitions of the test element,
reference can be made to the above-mentioned test element according to the present inven-

tion.

As used herein, the term “determining at least one property” refers to detecting at least one
analyte in a bodily fluid. However, embodiments wherein other properties may be detected
are feasible. As used herein, the term “measurement device” refers to an arbitrary device,
preferably an electronic device, which may be handled independently from the test ele-
ment. The measurement device may be adapted to interact with the test element in order to
detect the at least one signal produced by one of the first and second electrode and to apply
a voltage to the other one of the first and second electrode. The measurement device fur-
ther may be adapted to derive at least one item of information regarding the presence
and/or concentration of the analyte in the body fluid from this detection. Thus, the meas-
urement device may comprise at least one electronic evaluation device interacting with the
first and second electrodes, in order to derive the at least one information and/or concentra-
tion of the at least one analyte from the at least one signal. Thus, the measurement device
may comprise at least one evaluation unit comprising at least one data processing device,

such as a microcontroller.

The test element may be inserted into a test element receptacle of the measurement device.
As used herein, a test element receptacle may be a mechanical interface adapted to receive
the at least one test element. Most preferably, the test element receptacle is a test element

receptacle adapted to receive precisely one test element at a time. The mechanical interface
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may be adapted to at least partially receive the test element and to mechanically secure the
test element during measurement. The test element receptacle may be configured to contact
the first electrode and the second electrode electrically, in particular via contact of the first
and second electrode contact zones with at least one connector element of the measurement

device, e.g. two pairs of connector pins.

The measurement device may be configured to perform at least one impedance measure-
ment using the first electrode and the second electrode. The measurement device may be
further configured to perform at least one amperometric measurement using the first elec-

trode and the second electrode.

The measurement device may be configured to detect both an AC signal and a DC signal.
The measurement device may be configured to detect the AC signal and DC signal simul-
tancously. A parallel determination of both the AC signal and DC signal may be performed
by overlapping respective excitation potentials. The measurement device may be config-
ured to detect the AC signal and the DC signal sequentially. The time interval between two
measurements may be as short as possible to minimize time-dependent effects. The meas-
urement device may be configured to apply an AC signal to the first electrode and the sec-
ond electrode and to detect, e.g. continuously, a response. The measurement device may
detect a contact time, e.g. a time when the sample may be in contact with the first and sec-
ond electrode surfaces, by applying the AC signal between the first and the second elec-
trode and measuring the response over time. In case the AC response may exceed a prede-

fined threshold, this may be recognized as “sample dosing detected”.

The measurement device is configured to detect the at least one analyte independently of a
filling level of the electrochemical cell. By performing a simultancous AC- and DC-
measurement a complete filling of the capillary of the test element may not be necessary.
The AC signal may be proportional to the filling level of the capillary. The electro-
conductivity G of the electrochemical cell may be proportional to the filling level of the

capillary and is defined as:

G = x-(lw)/h,

wherein x is a specific conductivity of a sample, | is the filled length of the capillary, w is
the width of the capillary and h is the height of the capillary. As described above the height
of the electrochemical cell may be defined by a thickness of the spacer layer and of adhe-
sive layers in between the first and second electrode. Further as described above, the term

“length of the capillary” refers to a maximum extension of the capillary in one dimension
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within the test element. In one embodiment, the capillary may extend perpendicular to the
clongated test element direction such that in this case the length of the capillary refers to a
maximum extension of the capillary perpendicular to the elongated test element direction.
In an embodiment, the capillary may extend along the clongated test element direction
such that in this case the length of the capillary refers to a maximum extension of the capil-
lary along the elongated test element direction. The term “filled length of the capillary”
refers to an amount of the whole capillary length, which is filled by the sample. The term
“width” of the capillary refers, in a two dimensional space, to a maximum extension of the

capillary in a dimension perpendicular to the length of the capillary.

The amperometric response DC of the electrochemical cell may be proportional to the fill-

ing level of the capillary and is defined by the so-called Cottrell function:
DC = (I'w)-c:FzD"* "2

wherein F is the Faraday constant, ¢ the initial concentration of the analyte, z the number

of transferred electrons, D the diffusion coefficient, t the measuring time.

Both the electro-conductivity and the amperometric response typically are proportional to
the filling level of the capillary such that the relation, e.g. the ratio, of AC and DC meas-
urement value is independent from the filling level. Variations in the filling level and/or
effects due to the filling level may be compensated by calibration. Thus, by performing a
simultaneous AC- and DC-measurement the test element may be designed without addi-

tional dose or fill detect electrodes.

The measurement device may be further configured to electrically monitor a filling process
of the capillary. For example, in an embodiment wherein the capillary at least partially may
extend along the longitudinal axis of the test element, the measurement device may be con-
figured to electrically monitor when the sample may reach the reagent coating of the work-
ing electrode. The reagent coating may comprise at least one redox active substance, which
may be oxidized or reduced at the first electrode surface. The measurement device may be
configured to apply a DC voltage between the first and the second electrode and to detect a
response, in particular a DC response. The sample may start to dissolve the reagent and in
case the DC voltage is applied, the DC response, in particular a response signal, may in-
crease. In case the DC response may exceed a predefined threshold, this may be recognized
as “analyte detection started”. If the time for reaching the reagent coating may exceed a

predefined limit, an error message may be generated by the measurement device.
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Further, the measurement device may be configured to electrically monitor when the capil-
lary may be filled completely. Thus, after “sample dosing detected” and/or “analyte detec-
tion started” was detected, a second AC voltage may be applied to the electrodes and the
response may be detected. If the detected response signal may reach a steady state, this
may be recognized as filled. If the time for filling may exceed a predefined limit, an error
message may be generated by the measurement device. A gradient of the response signal
may be measured. If the gradient amounts or exceeds a predefined threshold, this may be
recognized as filled. The predefined threshold may be chosen such that a minimum filling
level is ensured. The predefined threshold may be chosen with respect to a specific con-
ductivity of a sample. The predefined threshold may be chosen with respect to the sample
having the lowest expected specific conductivity. Additional predefined thresholds may be
assigned to different values of the gradient of the response signal such that the filling level

can be determined and monitored.

The measurement device may be configured to perform at least one initial failsafe mea-
surement before applying the sample of the bodily fluid. The failsafe measurement may
comprise at least one electrical measurement using the first electrode and the second elec-
trode. The electrical measurement may be used for deriving at least one electrical mea-
surement value, wherein the failsafe measurement may further comprise comparing the
electrical measurement value with at least one threshold value. The failsafe measurement
may comprise detecting at least one damage and/or deterioration of the at least one of the
first electrode or the second electrode.

In a further aspect a method for determining at least one property of a sample is disclosed.
As outlined above, the term “determining at least one property” refers to detecting at least
one analyte in a bodily fluid. With respect to definitions and embodiments reference can be
made to definitions and embodiments of a test element, measurement device and a method
for producing a test element as disclosed above. In the method a system for determining at
least one property of a sample is used. With respect to definitions and embodiments of the
system, reference can be made to the above-mentioned system according to the present

invention. The method comprises the following steps:

a) Connecting the test element to at least one measurement device;

b) Applying a sample of bodily fluid to a capillary of at least one test element;
¢) Determining both an AC signal and a DC signal;

d) Calibrating measurement results by using the AC and DC signal.
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The method steps, as an example, may be performed in the given order. However, a differ-
ent order is also feasible. Further, one or more or even all of the method steps may be per-
formed in parallel or in a timely overlapping fashion. Further, one or more or even all of
the method steps may be performed once or repeatedly. With respect to definitions and
embodiments of the test element, capillary and measurement device, reference can be made
to definitions and embodiments of the test element, capillary and the measurement system

as given above.

In step a) a sample of bodily fluid to a capillary of at least one test element is applied. As
used herein, the term “applying” refers to a process of contacting the sample with the test
element such that a filling of the capillary is possible and to a process of filling the capil-
lary. The sample of the body fluid may be applicable to one or more of: a side dose posi-
tion, a top dose position, a front dose position. The sample may be applied to the test ele-
ment by a side dose position, e.g. capillary blood from a finger stick may be applied to the
side dose position by pressing the finger to the side dose position. The sample of the body
fluid may be applied from above through a layer set-up of the test element into the capil-
lary, for example by a transfer device, e.g. a pipette. The sample may be applied to the test

element by a front dose position.

As used herein, the term “connecting the test element to at least one measurement device”
refers to inserting the test element into a test element receptacle of the measurement de-
vice, e.g. a mechanical interface, and electrically contacting the first electrode and the sec-
ond electrode, in particular via contact of the first and second electrode contact zones with

at least one connector element of the measurement device, e.g. two pairs of connector pins.

For a stable amperometric measurement of the at least one property of a sample, e¢.g. the
concentration of glucose in bodily fluid, it may be necessary that the capillary is filled
completely before the measurement starts. In principle, filling of a capillary may be deter-
mined by additional electrodes such as dose or fill detect electrodes. Renouncing the use of
additional electrodes may reduce manufacturing costs and material costs of the test cle-
ment. The disclosed method permits determining the at least one property of a sample
without effects and/or influences of the capillary filling without using additional elec-
trodes. In particular, a complete filling of the capillary may be not necessary. In step c)
both an AC signal and a DC signal are determined. As used herein, the term “determining
both an AC signal and a DC signal” refers to both of an AC and DC excitation, e.g. a paral-
lel AC and DC excitation, and a detection of both of AC and DC response signals. The AC
response signal may be or may be proportional to the electro conductivity of the electro-

chemical cell. The AC signal and the DC signal may be determined simultaneously or se-
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quentially. The determination of the AC and DC signal may be performed by overlapping

excitation potentials.

In step d) the measurement results are calibrated by using the AC and DC signal. As used
herein, the term “calibration” refers to reducing, preferably eliminating, an influence
and/or an impact of the filling level of the capillary to the AC response signal and/or DC
response signal. Both the AC signal and the DC signal may be proportional to the filling
level of the capillary such that effects due to a filling of the capillary are compensated. The
AC response signal may be or may be proportional to the electro conductivity of the elec-
trochemical cell. The electro-conductivity G of the electrochemical cell may be propor-

tional to the filling level of the capillary and is defined as:
G =x(I'w)/h,

wherein x is a specific conductivity of a sample, | is the filled length of the capillary, w is
the width of the capillary and h is the height of the capillary. The DC response signal may
be or may be proportional to the amperometric response DC of the electrochemical cell,
which is defined by the so-called Cottrell function:

DC = (I'w)-c:FzD"*t"?,

wherein F is the Faraday constant, ¢ the initial concentration of the analyte, z the number
of transferred electrons, D the diffusion coefficient, t the measuring time. Thus, both of the
AC response signal and the DC response signal may be proportional to the filled length of
the capillary. By measuring AC and DC signal simultancously, effects due to varying fill-
ing level may be compensated. The determined values of electro-conductivity G and the
amperometric response DC may be combined. Effects due to varying filling levels of the
capillary may be compensation by a suitable calibration. For example, a ratio of the elec-
tro-conductivity G and the amperometric response may be used. Thus, the fraction may be
reduced by the filled length of the capillary. Consequently, the method, specifically meth-
od step d), may imply forming a ratio, such as a ratio of G and the DC response signal
and/or a ratio of the AC response signal and the DC response signal, wherein the ratio is
independent from the filling length 1, i.e. independent from the filling level of the electro-
chemical cell, e.g. under constant temperature conditions and other measurement condi-

tions.

The method may further comprise determining a contact time, wherein an AC signal may

be applied between at least one first electrode and at least one second electrode of the test
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element. A response over time may be measured, for example an AC response signal may
be detected. As used herein, the term “contact time” refers to a time when the sample may
be in contact with the first and second electrode surfaces. The AC response may be com-
pared to a predefined threshold. In case the AC response may exceed a predefined thresh-

old, this may be recognized as “sample dosing detected”.

The method may further comprise determining a filling level of the capillary, wherein an
AC signal may be applied between the at least one first electrode and the at least one sec-
ond electrode of the test element, wherein a response signal over time may be measured,
wherein the response may be compared to at least one predefined threshold. As used here-
in, the term “determining a filling level of the capillary” may generally refer to an arbitrary
process of generating at least one item of information on a filling of the capillary. Thus, the
at least one item of information may, as an example, comprise an item of information on
whether the filling level is above or below at least one predetermined or determinable
threshold, as will be explained in further detail below. Additionally or alternatively, how-

ever, one or more other items of information on the filling may be determined.

For example, after “sample dosing detected” and/or “analyte detection started” was detect-
ed, a second AC voltage may be applied to the electrodes. If the detected response signal
may reach a steady state, this may be recognized as filled. If the time for filling may ex-
ceed a predefined limit, an error message may be generated by the measurement device. A
gradient of the response signal may be measured. If the gradient amounts or exceeds the
predefined threshold, this may be recognized as filled. The predefined threshold may be
chosen such that a minimum filling level is ensured. The predefined threshold may be cho-
sen with respect to a specific conductivity of a sample. The predefined threshold may be
chosen with respect to the sample having the lowest expected specific conductivity. Addi-
tional predefined thresholds may be assigned to different values of the gradient of the re-

sponse signal such that the filling level can be determined and monitored.

The method may further comprise monitoring a filling process of the capillary, wherein a
DC voltage may be applied between the first electrode and the second electrode. A DC
response may be detected. The DC response may be compared to a predefined limit. When
the sample may reach the reagent coating of the working electrode, the reagent coating,
which may comprise at least one redox active substance, may be oxidized or reduced at the
first electrode surface. A DC voltage may be applied between the first and the second elec-
trode and the response, in particular a DC response, may be detected. The sample may start
to dissolve the reagent and in case the DC voltage is applied, the DC response, in particular

a response signal, may increase. In case the DC response may exceed a predefined thresh-
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old, this may be recognized as “analyte detection started”. If the time for reaching the rea-
gent coating may exceed a predefined limit, an error message may be generated by the

measurement device.

Summarizing the findings of the present invention, the following embodiments are pre-

ferred:

Embodiment 1: A test element for electrochemically detecting at least one analyte in a bo-
dily fluid, wherein the test element comprises at least one first electrode and at least one
second electrode, wherein the first electrode is designed as a working electrode and the
second electrode is designed as a counter electrode, wherein the test element comprises at
least one capillary capable of receiving a sample of the body fluid, wherein the first elec-
trode and the second electrode are arranged on opposing sides of the capillary, wherein the
first electrode and the second electrode and the capillary in between the first electrode and
the second electrode form an electrochemical cell, wherein the test element is configured to
detect the at least one analyte independently of a filling level of the electrochemical cell,
wherein the first electrode and the second electrode are arranged such that during a capil-
lary filling the first electrode and the second electrode are wetted simultancously and at an

equal rate.

Embodiment 2: The test element according to the preceding embodiment, wherein the first

electrode extends over a full length of the capillary.

Embodiment 3: The test element according to any one of the preceding embodiments,

wherein the second electrode extends over a full length of the capillary.

Embodiment 4: The test element according to any one of the preceding embodiments,
wherein an increment of a wetted surface area dA1 of the first electrode per increment dV
of a filled volume of the capillary at all times equals an increment of a wetted surface arca
dA2 of the second electrode.

Embodiment 5: The test element according to any one of the preceding embodiments,
wherein at least one wall of the test element located outside the capillary but next to the
opening for receiving the sample of the body fluid is at least partially covered by at least

one hydrophobic coating.



10

15

20

25

30

35

WO 2016/097079 PCT/EP2015/080132
-30 -

Embodiment 6: The test element according to the preceding embodiment, wherein the elec-

trochemical cell extends over the full length of the capillary.

Embodiment 7: The test element according to any one of the preceding embodiments,
wherein the first electrode and the second electrode are made of a non-corrosive and non-

passivating material.

Embodiment 8: The test element according to any one of the preceding embodiments,
wherein a surface area of the first electrode and a surface area of the second electrode

forming the electrochemical cell have the same dimension.

Embodiment 9: The test element according to any one of the preceding embodiments,
wherein the first electrode comprises at least one first electrode conductive layer and at

least one reagent coating in contact with the first electrode conductive layer.

Embodiment 10: The test element according to the preceding embodiment, wherein the
first electrode conductive layer comprises at least one of: a metal layer, preferably a noble
metal layer selected from the group consisting of palladium, platinum, silver or gold; a

conductive carbon layer, in particular a carbon paste layer.

Embodiment 11: The test element according to any one of the two preceding embodiments,
wherein the first electrode conductive layer is disposed on a first electrode carrier layer,

preferably a first electrode carrier foil.

Embodiment 12: The test element according to the preceding embodiment, wherein the
first electrode conductive layer extends from a first longitudinal edge of the first electrode

carrier layer to a second longitudinal edge of the first electrode carrier layer.

Embodiment 13: The test element according to the preceding embodiment, wherein the

first electrode conductive layer fully covers the first electrode carrier layer.

Embodiment 14: The test element according to any one of the five preceding embodiments,
wherein the reagent coating comprises at least one reagent stripe coated onto the first elec-

trode conductive layer.

Embodiment 15: The test element according to any one of the preceding embodiments,

wherein the second electrode comprises at least one second electrode conductive layer.
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Embodiment 16: The test element according to the preceding embodiment, wherein the
second electrode conductive layer comprises at least one of: a metal layer, preferably a
noble metal layer selected from the group consisting of palladium, platinum, silver or gold;

a conductive carbon layer, in particular a carbon paste layer.

Embodiment 17: The test element according to any one of the two preceding embodiments,

wherein the second electrode further comprises Ag/AgCl, in particular an Ag/AgCl paste.

Embodiment 18: The test element according to any one of the three preceding embodi-
ments, wherein the second electrode conductive layer is disposed on a second electrode

carrier layer, preferably a second electrode carrier foil.

Embodiment 19: Test element according to the preceding embodiment, wherein the second
electrode conductive layer extends from a first longitudinal edge of the second electrode

carrier layer to a second longitudinal edge of the second electrode carrier layer.

Embodiment 20: The test element according to the preceding embodiment, wherein the

second electrode conductive layer fully covers the second electrode carrier layer.

Embodiment 21: The test element according to any one of the preceding embodiments,

wherein the test element is a test strip.

Embodiment 22: The test element according to any one of the preceding embodiments,

wherein the capillary is open at three sides.

Embodiment 23: The test element according to any one of the preceding embodiments,
wherein a sample of bodily fluid is applicable to one or more of: a side dose position, a top

dose position, a front dose position.

Embodiment 24: The test element according to any one of the preceding embodiments,
wherein the test element comprises a top dose position and further comprises a through
hole extending through a cover foil into the capillary, in particular extending through a
cover foil into the capillary in a way that the condition that the increment of a wetted sur-
face area dA1 of the first electrode per increment dV of a filled volume of the capillary at
all times equals an increment of a wetted surface area dA2 of the second electrode is still

meet.
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Embodiment 25: The test element according to any one of the preceding embodiments,
wherein the test element has an elongated shape extending along a longitudinal axis,
wherein the capillary at least partially extends along the longitudinal axis of the test ele-

ment.

Embodiment 26: The test element according to any one of the preceding embodiments,
wherein the test element has an elongated shape extending along a longitudinal axis,

wherein the capillary at least partially extends perpendicular to the longitudinal axis.

Embodiment 27: The test element according to the preceding embodiment, wherein the
capillary extends from a first opening at a first longitudinal edge of the test element to a

second opening at a second longitudinal edge of the test element.

Embodiment 28: The test element according to the preceding embodiment, wherein the test
element comprises a side dose position located at one or both of the first opening or the

second opening.

Embodiment 29: The test element according to any one of the three preceding embodi-

ments, wherein the capillary has an open side at a front face of the test element.

Embodiment 30: The test element according to the preceding embodiment, wherein the test

clement has a front dose position located at the front face of the test element.

Embodiment 31: The test element according to any one of the preceding embodiments,

wherein the capillary comprises a vent hole opening.

Embodiment 32: The test element according to any one of the preceding embodiments,

wherein the test element comprises a strip handle.

Embodiment 33: The test element according to the preceding embodiment, wherein the test
clement comprises a layer setup disposed on top of at least one carrier element, wherein the
carrier element, in a longitudinal direction of the test element, protrudes from the layer

setup, thereby forming the strip handle.

Embodiment 34: The test element according to any one of the preceding embodiments,

wherein the test element comprises a first electrode contact zone and a second electrode
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contact zone configured to contact the first electrode and the second electrode with a fur-

ther device, in particular a meter.

Embodiment 35: The test element according to the preceding embodiment, wherein the
first electrode contact zone and the second electrode contact zone are configured to be

electrically contacted from the same side of the test element.

Embodiment 36: The test element according to the preceding embodiment, wherein the
first electrode contact zone and the second electrode contact zone are arranged in different
layers of a layer setup of the test element, wherein one of the first electrode contact zone
and the second electrode contact zone protrudes over the other one of the first electrode

contact zone and the second electrode contact zone.

Embodiment 37: The test element according to the preceding embodiment, wherein the
first electrode contact zone and the second electrode contact zone form different steps of a

staircase configuration of the layer setup.

Embodiment 38: The test clement according to any one of the four preceding embodi-
ments, wherein the first electrode contact zone and the second electrode contact zone are

configured to be electrically contacted from opposing sides of the test element.

Embodiment 39: The test element according to the preceding embodiment, wherein a
punched hole through a cover foil and a spacer layer is configured as the second electrode

contact zone, in particular a contact hole.

Embodiment 40: The test element according to any one of the preceding embodiments,

wherein the test element comprises at least one carrier element.

Embodiment 41: The test element according to any one of the preceding embodiments,
wherein the test element comprises a layer setup, wherein the first electrode comprises at
least one first electrode conductive layer disposed on at least one first electrode carrier lay-
er, wherein the second electrode comprises at least one second electrode conductive layer

disposed on at least one second electrode carrier layer.

Embodiment 42: The test element according to the preceding embodiment, wherein the
layer setup is arranged such that the first electrode conductive layer faces the second elec-

trode conductive layer, with the capillary in between.
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Embodiment 43: The test element according to any one of the two preceding embodiments,
wherein at least one spacer layer is disposed in between the first electrode conductive layer

and the second electrode conductive layer.

Embodiment 44: The test element according to any one of the preceding embodiments,
wherein one or both of the first electrode or the second electrode are electrically contacted
by at least one electrically conductive turnover element, wherein the first or second elec-
trode, respectively, are oriented to face a first direction, wherein the electrically conductive
turnover element is contactable from a second direction, the second direction being an op-

posite direction of the first direction.

Embodiment 45: The test element according to the preceding embodiment, wherein the
electrically conductive turnover element comprises at least one of an electrically conduc-
tive layer or an electrically conductive foil having a first section and a second section, the
first section electrically contacting the first or second electrode, respectively, and the se-

cond section being electrically contactable.

Embodiment 46: The test element according to the preceding embodiment, wherein the
electrically conductive turnover element is partially covered by at least one layer compri-
sing the first or second electrode, respectively, wherein the second section is located in an

uncovered region.

Embodiment 47: The test element according to any one of the two preceding embodiments,
wherein the electrically conductive turnover element is laminated to the first or second

electrode, respectively.

Embodiment 48: A method for producing a test element according to any one of the pre-
ceding embodiments, the method comprising at least one step of forming a layer setup,
wherein the first electrode, the second electrode and the capillary are formed such that the

first electrode and the second electrode are arranged on opposing sides of the capillary.

Embodiment 49: The method according to the preceding embodiment, wherein the test

clement is a test strip.

Embodiment 50: The method according to any one of the preceding method embodiments,
wherein the test element is produced in a continuous process, preferably in a reel-to-reel

Proccess.
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Embodiment 51: The method according to any one of the preceding method embodiments,
wherein the step of forming the layer setup comprises at least one lamination step, wherein,

in the lamination step, at least two layers are combined by a lamination process.

Embodiment 52: The method according to the preceding embodiment, wherein the lamina-

tion step comprises a lamination of at least two tapes.

Embodiment 53: The method according to any one of the preceding method embodiments,

the method further comprises cutting the layer setup into test strips.

Embodiment 54: The method according to the preceding embodiment, wherein the layer
setup is a tape-shaped layer setup, wherein a width of the tape-shaped layer setup defines a
length of the test strips.

Embodiment 55: The method according any one of the preceding method embodiments,
wherein the forming of the capillary comprises cutting out the capillary from at least one

spacer layer.

Embodiment 56: The method according to the preceding embodiment, wherein the cutting

comprises a kiss-cut process.

Embodiment 57: The method according to any one of the five preceding embodiments,
wherein the working electrode comprises at least one reagent, wherein the method com-

prises coating a reagent stripe onto at least one carrier layer.

Embodiment 58: The method according to the preceding embodiment, wherein the coating

comprises a die coating process.

Embodiment 59: The method according to the preceding embodiment, wherein the die
coating further comprises running the reagent stripe through a drier following a coating

device.

Embodiment 60: A system for determining at least one property of a sample, the system
comprising at least one test element according to any one of the preceding embodiments
referring to a test element, the system further comprising at least one measurement device

adapted for performing at least one electrical measurement using the test element.
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Embodiment 61: The system according to the preceding embodiment, wherein the test el-
ement comprises at least one first electrode and at least one second electrode, wherein the
first electrode is designed as a working electrode and the second electrode is designed as a
counter electrode, wherein the test element comprises at least one capillary capable of re-
ceiving a sample of the body fluid, wherein the first electrode and the second electrode are
arranged on opposing sides of the capillary, wherein the first electrode and the second elec-
trode and the capillary in between the first electrode and the second electrode form an elec-
trochemical cell, wherein the test element is configured to detect the at least one analyte
independently of a filling level of the electrochemical cell, wherein the first electrode and
the second electrode are arranged such that during a capillary filling the first electrode and
the second electrode are wetted simultancously and at an equal rate, the system further
comprising at least one measurement device adapted for performing at least one electrical
measurement using the test element, wherein the measurement device is configured to de-
tect both an AC signal and a DC signal, wherein the measurement device is configured to

detect the at least one analyte independently of a filling level of the electrochemical cell.

Embodiment 62: The system according to any one of the preceding embodiments referring
to a system, wherein the measurement device is configured to perform at least one imped-

ance measurement using the first electrode and the second electrode.

Embodiment 63: The system according to any one of the two preceding embodiments,
wherein the measurement device further is configured to perform at least one ampero-

metric measurement using the first electrode and the second electrode.

Embodiment 64: The system according to any one of the preceding embodiments referring
to a system, wherein the measurement device is configured to detect both an AC signal and

a DC signal.

Embodiment 65: The system according to the preceding embodiment, wherein the mea-

surement device is configured to detect the AC signal and the DC signal sequentially.

Embodiment 66: The system according to any one of the two preceding embodiments,
wherein the measurement device is configured to apply an AC signal to the first electrode

and the second electrode and to detect a response.
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Embodiment 67: The system according to any one of the preceding embodiments referring
to a system, wherein the measurement device is further configured to electrically monitor a

filling process of the capillary.

Embodiment 68: The system according to any one of the preceding embodiments referring
to a system, wherein the measurement device is configured to perform at least one initial

failsafe measurement before applying the sample of bodily fluid.

Embodiment 69: The system according to the preceding embodiment, wherein the failsafe
measurement comprises at least one electrical measurement using the first electrode and

the second electrode.

Embodiment 70: The system according to the preceding embodiment, wherein the electri-
cal measurement is used for deriving at least one electrical measurement value, wherein the
failsafe measurement further comprises comparing the electrical measurement value with

at least one threshold value.

Embodiment 71: The system according to any one of the three preceding embodiments,
wherein the failsafe measurement comprises detecting at least one damage and/or deterio-

ration of at least one of the first electrode or the second electrode.

Embodiment 72: A method for determining at least one property of a sample, wherein a
system according to any one of the preceding embodiments referring to a system is used,

wherein the method comprises the following steps:

a) Connecting the test element to at least one measurement device;

b) Applying a sample of bodily fluid to a capillary of at least one test element;
c) Determining both an AC signal and a DC signal;

d) Calibrating measurement results by using the AC and DC signal.

Embodiment 73: The method according to the preceding embodiment, wherein the AC

signal and the DC signal are determined simultanecously or sequentially.

Embodiment 74: The method according to any one of the preceding embodiments referring
to a method for determining at least one property of a sample, wherein the determination of

the AC and DC signal is performed by overlapping excitation potentials.
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Embodiment 75: The method according to any one of the preceding embodiments referring
to a method for determining at least one property of a sample, wherein both the AC signal
and the DC signal are proportional to the filling level of the capillary such that effects due

to a filling of the capillary are compensated.

Embodiment 76: The method according to any one of the preceding embodiments referring
to a method for determining at least one property of a sample, wherein the method further
comprises determining a contact time, wherein an AC signal is applied between at least
one first electrode and at least one second electrode of the test element, wherein a response

over time is measured, wherein the response is compared to a predefined threshold.

Embodiment 77: The method according to any one of the preceding embodiments referring
to a method for determining at least one property of a sample, wherein the method further
comprises determining a filling level of the capillary, wherein an AC signal is applied be-
tween the at least one first electrode and the at least one second electrode of the test ele-
ment, wherein a response signal over time is measured, wherein the response is compared
to at least one predefined threshold, wherein the predetermined threshold is chosen such

that a minimum filling level is ensured.

Embodiment 78: The method according to the preceding embodiment, wherein the prede-

fined threshold is chosen with respect to a specific conductivity of a sample.

Embodiment 79: The method according to any one of the preceding embodiments referring
to a method for determining at least one property of a sample, wherein the method further
comprises monitoring a filling process of the capillary, wherein a DC voltage is applied
between the first electrode and the second electrode, wherein a DC response is detected,

wherein the DC response is compared to a predefined limit.

Short description of the Figures

Further optional features and embodiments of the invention will be disclosed in more detail
in the subsequent description of preferred embodiments, preferably in conjunction with the
dependent claims. Therein, the respective optional features may be realized in an isolated
fashion as well as in any arbitrary feasible combination, as the skilled person will realize.
The scope of the invention is not restricted by the preferred embodiments. The embodi-
ments are schematically depicted in the Figures. Therein, identical reference numbers in

these Figures refer to identical or functionally comparable elements.
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shows a layer setup of an embodiment of a test element according

to the present invention;

shows an exploded drawing of the test element according to the

present invention;

show a system according to the present invention and a cross-

section of the test element;

show a histogram of an impedance measurement of a failsafe

measurement and a histogram used for monitoring a filling process;

show a second embodiment of a test element according to the pre-

sent invention;

shows an exploded drawing of the second embodiment of the test

clement;

shows layers of the test element according to the second embodi-

ment in different manufacturing steps;

show a third embodiment of a test element according to the present

invention;

shows an exploded drawing of the third embodiment of the test

clement;

shows layers of the test element according to the third embodiment

in different manufacturing steps;

shows an exploded drawing of an embodiment of the test element

according to the present invention;

shows an exploded drawing of an embodiment of the test element

according to the present invention; and
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Figures 13A and B show a top view and a bottom view of the embodiment of the test

element of Figure 12.

Detailed description of the embodiments

In Figures 1 to 3 a first embodiment of a test element 110 according to the present inven-
tion is shown. Figure 1 shows an exemplary arrangement of different layers of a tape-
shaped layer setup of the test element 110, in particular before cutting the layer setup into
individual test elements 110, whereas in Figure 2 an exploded drawing of one individual
test element 110 is depicted. The test element 110 is adapted for electrochemically detect-
ing at least one analyte in a bodily fluid. The at least one analyte may be a component or
compound present in a body fluid and the concentration of which may be of interest for a
user. As an example, the at least one analyte may be selected from the group consisting of
glucose, cholesterol, triglycerides, lactate. Additionally or alternatively, however, other
types of analytes may be used and/or any combination of analytes may be determined. The
body fluid may be whole blood, such as a sample of capillary blood taken from a finger
stick.

The test element 110 may comprise at least one carrier element 112, such as at least one
carrier foil. For example, the carrier element 112 may be a polymer foil which may be con-
figured to provide a stability of the test element, such that it can be handled by a user, pre-
ferably without deflections and/or fractions. Onto the carrier element 112 an adhesive layer

114 may be laminated.

The test element 110 comprises at least one first electrode 116 and at least one second elec-
trode 118. The first electrode 116 is designed as a working electrode and the second elec-
trode 118 is designed as a counter electrode. The first electrode 116 and the second elec-
trode 118 may be made of a non-corrosive and non-passivating material. In the first em-
bodiment shown in Figures 1 to 3, the first electrode116 may be arranged on top of the
adhesive layer 114. The first electrode 116 may comprise at least one first electrode con-
ductive layer 120. The first electrode conductive layer 120 may comprise at least one of: a
metal layer, preferably a noble metal layer selected from the group consisting of palladium,
platinum, silver or gold; a conductive carbon layer, in particular a carbon paste layer. The
first electrode conductive layer 120 may be disposed on a first electrode carrier layer 122,
such as a first electrode carrier foil. For example, the first electrode carrier layer 122 may
be coated with a conductive carbon paste or with a noble metal layer, e.g. gold, palladium
or platinum. The first electrode conductive layer 120 may extend from a first longitudinal

edge 124 of the first electrode carrier layer 122 to a second longitudinal edge 126 of the
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first electrode carrier layer 122. The first electrode conductive layer 120 may fully cover
the first electrode carrier layer 122. The first electrode 116 may comprise at least one rea-
gent coating 128 in contact with the first electrode conductive layer 120. The reagent coat-
ing 128 may comprise at least one reagent stripe coated onto the first electrode conductive
layer 120. For example, the reagent stripe may be coated by a die coating process by a

coating device and may be dried by running through a drier following the coating device.

The test element may comprise a strip handle 132. The test element 110 shown may com-
prise a layer setup disposed on top of the carrier element 112. The carrier element 112,
along a longitudinal axis 130 of the test element 110, may protrude from the layer setup,
thereby forming the strip handle 132. Therefore, the first electrode carrier layer 122 may
have a smaller width than the width of the carrier element 112. Additionally or alternative-
ly, embodiments are feasible, wherein the test element 110 may be configured without a
protruding carrier element 112 as strip handle 132. In this embodiment, a length of the test
element 110 may be such that a user may grip between a dosing side and a further device

in which the test element 110 may be inserted.

On top of the first electrode 116, a spacer layer 134, such as a polymer foil, may be lami-
nated. In between the first electrode 116 and the spacer layer 134, an adhesive layer 136
may be positioned. The test element 110 may comprise a first electrode contact zone 138
configured to contact the first electrode 116 with a further device. The spacer layer 134
may have a smaller width than the width of the first electrode carrier layer 122. The spacer
layer 134 may be arranged such that parts of the first electrode carrier layer 122 may be
uncovered by the spacer layer 134, in particular such that the first electrode carrier layer
122 may protrude from the spacer layer 134 on both sides. Thus, on one protruding side the
first electrode contact zone 138 may be created and on the other side a measurement zone
140 may be created. The spacer layer 134 may be coated with a conductive material layer
142, e.g. the spacer layer 134 may be sputtered with a thin silver layer. Further, on top of
the conductive material layer 142 a conductive adhesive layer 144, such as a silver particle
based adhesive layer, may be laminated. The test element 110 may comprise a second elec-
trode contact zone 146 configured to contact the second electrode 118 with the further de-
vice. The conductive adhesive layer 144 may have a smaller width that the width of the
spacer layer 134. The conductive adhesive layer 144 may be positioned such that a part of
the conductive material layer 144 pointing to the first electrode contact zone 138 may be
uncovered by the conductive adhesive layer 144, in particular such that the conductive ma-
terial layer 144 may protrude from the conductive adhesive 144 on one side. Thus, the se-

cond electrode contact zone 146 may be created.
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The second electrode 118 may be arranged on top of the conductive adhesive layer 144.
The first electrode 116 and the second electrode 118 may have the same dimension. The
second electrode 118 may comprise at least one second electrode conductive layer 148.
The second electrode conductive layer 148 may comprise at least one of: a metal layer,
preferably a noble metal layer selected from the group consisting of palladium, platinum,
silver or gold; a conductive carbon layer, in particular a carbon paste layer. The second
electrode conductive layer 148 may be disposed on a second electrode carrier layer 150,
such as a second electrode carrier foil. For example, the second electrode carrier layer 150
may be metallized on one side facing after a lamination step the spacer layer 134, prefera-
bly by a silver layer. For example, the second electrode carrier layer 150 may be coated by
a conductive adhesive layer 151, e.g. based on silver particles. The second electrode 118
may further comprise Ag/AgCl, in particular an Ag/AgCl paste. For example, in this first
embodiment, the metallized side of the electrode carrier layer 150 may be coated with a
strip of an Ag/AgCl paste 152. The second electrode conductive layer 148 may extend
from a first longitudinal edge 154 of the second electrode carrier layer 150 to a second lon-
gitudinal edge 156 of the second electrode carrier layer 150. The second electrode conduc-
tive layer 148 may fully cover the second electrode carrier layer 150. The strip of Ag/AgCl
paste may be positioned such that after the lamination step, the second electrode carrier
layer 150 may face the reagent coating 128. In an alternative embodiment, instead of the
silver layer coating, the electrode carrier layer 150 may be coated completely by an
Ag/AgCl paste. In a further alternative embodiment, a redox electrode can be used as the
counter electrode. Such a redox electrode comprises a conductive layer, e.g. a conductive
carbon layer, coated with a reagent layer comprising an reducible substance, ¢.g. an organ-
ic redox mediator. Arrows 158 shown in Figure 1 indicate that the depicted laminated sec-

ond electrode 118 may be turned onto the conductive adhesive 144.

The test element 110 comprises at least one capillary 160 capable of receiving a sample of
the body fluid. The first electrode 116 and the second electrode 118 are arranged on oppo-
sing sides of the capillary 160. The first electrode 116 and the second electrode 118 may be
arranged as opposing electrodes, such that a surface of the first electrode 116 faces a sur-
face of the second electrode 118. The first electrode 116 and the second electrode 118 may
be aligned in parallel. The first electrode 116 and the second electrode 118 and the capil-
lary 160 in between the first electrode 116 and the second electrode 118 may form an elec-
trochemical cell. By laminating the second clectrode 118 onto the conductive adhesive
144, the electrochemical cell may be created. The electrochemical cell may extend over the
full length of the capillary 160. A height of the electrochemical cell may be defined by a
thickness of the spacer layer 134 and adhesive layers in between the first electrode 116 and

the second electrode 118. To avoid a change of the height of the electrochemical cell dur-
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ing a measurement, ¢.g. when the strip handle 132 is touched by a user such that the test
element 110 is bent, the adhesive layer 114 may be designed such that a region defined by
a position of the electrochemical cell may be not covered by the adhesive layer 114 such
that a gap 161 between the carrier element 112 and the first electrode 116 may be formed,
see Figure 3B. Thus, in case a user may inadvertently bend the test element, a distance
between the first and the second electrode surfaces may be unaffected. The first electrode
116 may extend over a full length of the capillary 160. The second electrode 118 may ex-
tend over a full length of the capillary 160. The first electrode 116 and the second electrode
118 are arranged such that during a capillary filling the first electrode 116 and the second
electrode 118 are wetted simultaneously and at an equal rate. An increment of a wetted
surface area dA1 of the first electrode 116 per increment dV of a filled volume of the capil-
lary 160 at all times may equal an increment of a wetted surface arca dA2 of the second
electrode 118. Thus, the test element 110 may be configured to detect the at least one ana-

lyte independently of a filling level of the electrochemical cell.

The test element 110 may be produced in a method according to the invention. The method
comprises at least one step of forming a layer setup, e.g. as the layer setup shown in Fi-
gures 1 to 3. The test element 110 may be produced in a continuous process, preferably in
a reel-to-reel process. The step of forming the layer setup may comprise at least one lami-
nation step, wherein, in the lamination step, at least two layers are combined by a lamina-
tion process. The lamination step may comprise a lamination of at least two tapes. The
method further may comprise cutting the layer setup into individual test elements 110 such
as test strips. The cutting and cutting lines 162 are indicated in Figure 1. The layer setup
may be a tape-shaped layer setup, wherein a width of the tape-shaped layer setup may de-
fine a length of the test strip. The resulting test element 110 may have an elongated shape
extending along the longitudinal axis 130, wherein the capillary 160 may at least partially
extend perpendicular to the longitudinal axis 130 of the test element 110. By cutting the
layer setup into individual test elements 110, the capillary 160 may be open at three sides.
According to the invention, the sample of body fluid may be applicable to one or more of:
a side dose position, a top dose position, a front dose position. In the first embodiment of
the test element 110, the capillary 160 may have two side dose positions 164 and one front
dose position 166, best seen in Figure 3A. The capillary 160 may extend from a first open-
ing at a first longitudinal edge of the test element 110, e.g. a first side dose position 164, to
a second opening at a second longitudinal edge of the test element 110, ¢.g. a second side
dose position 164. The side dose positions may be an ideal application position for capil-
lary blood from a finger stick. The test element 110 may have an open side at a front face
168 of the test element 110. The test element 110 may have one front dose position 166
located at the front face 168 of the test element 110. In front of the capillary 160, such as in
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direction of the strip handle 132, the carrier element 112 may be coated with a hydrophobic

coating. Figure 3 B shows a cross-section of the test element 110.

As outlined above, the test element 110 may comprise the first electrode contact zone 138
and the second electrode contact zone 146 configured to contact the first electrode 116 and
the second eclectrode 118 with a further device. In Figure 3A, a system according to the
present invention is shown. The system 170 comprises at least one test element 110. The
system further comprises at least one measurement device 172 adapted for performing at
least one electrical measurement using the test element 110. The first electrode contact
zone 138 and the second electrode contact zone 146 may be configured to be electrically
contacted from the same side 174 of the test element 110. The first electrode contact zone
138 and the second clectrode contact zone 146 may be arranged in different layers of a
layer setup of the test element 110, wherein one of the first electrode contact zone 138 and
the second electrode contact zone 146 may protrude over the other one of the first elec-
trode contact zone 138 and the second electrode contact zone 146. The first electrode con-
tact zone 138 and the second electrode contact zone 146 may form different steps of a
staircase configuration of the layer setup. However, as the first electrode 116 and the se-
cond electrode 118 may be configured as opposing electrodes, to allow an electrically con-
tact from the same side 174 of the test element 110, the first electrode 116 or the second
electrode 118 may be electrically contacted by at least one electrically conductive turnover
element 176. The first electrode 116 or the second electrode 118, respectively, may be ori-
ented to face a first direction, wherein the electrically conductive turnover element 176
may be contactable from a second direction, the second direction being an opposite direc-
tion of the first direction. The electrically conductive turnover element 176 may comprise
at least one of an electrically conductive layer or an electrically conductive foil having a
first section and a second section, the first section electrically contacting the first electrode
116 or the second electrode 118, respectively, and the second section being electrically
contactable. The electrically conductive turnover element 176 may be partially covered by
at least one layer comprising the first electrode 116 or the second electrode 118, respec-
tively, wherein the second section may be located in an uncovered region. The electrically
conductive turnover element 176 may be laminated to the first electrode 116 or second
electrode 118, respectively. For example, the conductive material layer 142 and the con-
ductive adhesive layer 144 may be adapted as turnover element 176. The first electrode
contact zone 138 and second electrode contact zone 146 may be hit upon by at least one
connector 178 of the measurement device 172, e.g. meter connector pins. The measure-
ment device 172 may have two pairs of connectors 178, one pair for each of the first elec-
trode 116 and the second electrode 118. One connector 178 of each connector pair may be

configured to support a current flow through the test element 110. The other connector 178
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may be used to detect a voltage. Such a configuration, also called 4-wire-technique, may
allow an electronic controller of the measurement device 172 to compensate voltage drop
induced by parasitic transfer resistances at connection spots of the first electrode contact

zones 138 and second electrode contact zones 146 and the connectors 178.

The measurement device 172 may be configured to perform at least one impedance meas-
urement using the first electrode 116 and the second electrode 118. The measurement de-
vice 172 may be configured to apply an AC signal to the first electrode 116 and the second
electrode 118 and to detect a response. The measurement device 172 may be configured to
perform at least one initial failsafe measurement before applying the sample of bodily flu-
id. The failsafe measurement may comprise at least one electrical measurement using the
first electrode 116 and the second electrode 118. The electrical measurement may be used
for deriving at least one electrical measurement value, wherein the failsafe measurement
further may comprise comparing the electrical measurement value with at least one thre-
shold value. The failsafe measurement may comprise detecting at least one damage and/or
deterioration of at least one of the first electrode 116 or the second electrode 118. The at
least one damage and/or deterioration, such as a scratch on a conductive surface of the first
electrode 116 and/or the second electrode 118, may result in interrupting the conductive

surface before or within the electrochemical cell.

Figure 4A shows a histogram of an impedance measurement of a failsafe measurement.
For this measurement, an AC signal may be applied to the first electrode 116 and the se-
cond electrode 118, in particular a 10 mV rms (root mean square) AC voltage, and the
complex impedance may be measured. The histogram shows the resulting admittance Y at
different frequencies f measured between the first electrode 116 and the second electrode
118. Measurement results of five test elements 110 with scratches applied to on one of the
first electrode conductive layer 120 close to the first electrode contact zone 138 or the sec-
ond electrode conductive layer 148 close to the second electrode contact zone 146, indicat-
ed as crosses, are compared to measurement results of five test elements 110 with scratches
applied to on one of the first electrode conductive layer 120 close to the electrochemical
cell or the second electrode conductive layer 148 close to the electrochemical cell, indicat-
ed as triangles, and to measurement results of test elements 110 with no scratches, indicat-
ed as thombus. The measurement results show a shift of the admittance. Thus, by using a
phase information and an admittance information at different frequencies, it may be possi-
ble to separate the effect of scratches from otherwise changed conductivities, for example
caused by a variable thickness of the first electrode and/or second electrode conductive
layers 120, 148.
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The measurement device 172 may further be configured to perform at least one am-
perometric measurement using the first electrode 116 and the second electrode 118. The
measurement device 172 may be configured to detect both an AC signal and a DC signal.
The measurement device 172 may be configured to detect the AC signal and the DC signal
sequentially. The measurement device 172 may be further configured to electrically moni-
tor a filling process of the capillary 160. An AC signal may be applied to the first electrode
116 and the second clectrode 118. After it was detected that the sample of body fluid
touches first the first electrode 116 and the second electrode 118, the AC response may
further increase, because the wetted surface area dA1 of the first electrode 116 and the wet-
ted surface area dA2 of the second electrode 118 may increase continuously. If the re-
sponse signal may reach a certain threshold, this time may be detected as “Filling com-
plete” and a test sequence to carry out an analytical measurement of the at least one analyte
in the body fluid may start. The term to reach a constant value may refer to a response gra-
dient falls under a predefined threshold. In case the measurement device 172 may not de-
tect the response signal reaching a constant value within a predefined time, an error mes-
sage may be generated by the measurement device 172 and/or the measurement may be
stopped. Figure 4B shows a histogram used for monitoring a filling process for three dif-
ferent blood samples, adjusted to different hematocrit levels of 70% (long dashed set of
curves), 43 % (short dashed set of curves), and 0% (dotted set of curves). The AC signal
was integrated and is depicted as admittance Y versus a filling time after detecting that the
sample of body fluid touches first the first electrode 116 and the second electrode 118. The
vertical dashed arrows 180 indicate the time where the constant value is reached. The hori-

zontal arrow 182 indicates a period of time to reach the constant value.

A second embodiment of the test element 110 is shown in Figures 5A to 7. For a detailed
description of the layer setup of the test element 110, reference can be made to the descrip-
tion of the first embodiment above or a description of further embodiments given below. In
the second embodiment of the test element 110, the capillary 160 may have two side dose
positions 164 and one top dose position 184, see e.g. Figures SA and 5B. The capillary 160
may extend from a first opening at a first longitudinal edge of the test element 110, e.g. the
first side dose position 164, to a second opening at a second longitudinal edge of the test
element 110, e.g. the second side dose position 164. The side dose positions may be an
ideal application position for capillary blood from a finger stick. The test element 110 may
comprise the top dose position 184 and further may comprise a through hole extending
through a cover foil, e.g. the first electrode carrier layer 122, into the capillary 160. The top
dose position 184 may be an ideal application position for dosing the sample with a trans-

fer device, e.g. a pipette.
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The first electrode contact zone 138 and the second electrode contact zone 146 may be
configured to be electrically contacted from opposing sides of the test element 110. The
first electrode contact zone 138 may protrude of the layer setup of the test element 110. A
punched hole through the cover foil and the spacer layer 134 may be configured as the se-
cond electrode contact zone 146, in particular a contact hole 186. In a particular embodi-
ment, two contact holes are punched through the cover foil and the spacer layer 134. Alter-
natively in a continuous production process, one contact hole is punched at the position
where the test elements are individualized in a subsequent cutting process (cutting line)
resulting in test elements comprising two lateral contact zones on opposing edges of the
final test element. Embodiments with two contact holes or contact zones for each electrode
are advantageous if 4-wire-technique is used. The contact hole 186 may have a rectangular
shape. Figure 5A and Figure 5B show the second electrode being contacted by the con-
nector 178, such as a pair of connectors 178, through the contact hole 186. Thus, the meas-
urement device 172 may comprise one pair of connectors 178 configured to contact the
first electrode 116, in this embodiment shown in Figures SA and 5B, from a first direction
by the first electrode contact zone 138 and to contact the second electrode 118 from a sec-
ond direction on the opposite side of the test element 110 through the contact hole 186.

The contact hole 186 and the top dose position 184 may be realized by punched holes
through the cover foil and the spacer layer 134, before a lamination step of the test element
110, preferably in one punching step. These holes, the contact hole 186 and the top dose
position 184, may be used to trigger a cutting such that the width of an individual test ele-
ment 110 may be defined by a distance of the punched holes along the cover foil and such
that the holes may be positioned in a middle of the width of each test element 110. For this
embodiment, no additional turnover element 176 may be required. Figure 6 shows an ex-
ploded drawing of the second embodiment of the test element 110. Regarding the design,
structure and production of the first electrode 116 and the second electrode 118, reference
can be made to the description of the first embodiment of the test element 110. The spacer
layer 134 may be designed comprising at least two portions. The term in at least two por-
tions refers to that embodiments, wherein the spacer layer 134 may be designed comprising
more than two portions may be feasible, too. Onto the first electrode 116 a first portion 188
of the spacer layer 134 covered with an adhesive layer 189, 191 on both sides may be lam-
inated such that a channel may be created at the position of the reagent coating 128. A
width of the first portion 188 of the spacer layer 134 may configured such that the first
electrode 116 may be partially uncovered forming the first electrode contact zone 138. Fur-
ther, onto the first electrode 116 a second portion 190 may be laminated such that a width
and position of the channel between the spacer layer 134 and the first electrode 116 is de-

fined, wherein a width of the second portion 190 may be smaller than a width of the first
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portion 188. The right column of Figure 7 shows a laminated layer setup of the first elec-

trode 116 and spacer layer 134.

Further, in a punching step, the holes, the contact hole 186 and the top dose position 184
may be punched through the laminated layer setup of the first electrode 116 and spacer
layer 134 by a punching device, preferably within one punching step. The punching step
may be performed in a continuous process such as a reel-to-reel process. The spacer layer
134 may be covered by a release liner. The top dose position 184 may be arranged such
that the punched hole may touch the capillary 160 at one edge. The contact hole 186 may
be arranged at an opposing edge of the test element 110. After the punching step, the re-
lease liner may be removed from the spacer layer 134. The middle column of Figure 7
shows the laminated layer setup of the first electrode 116 and spacer layer 134 after the
punching step. In a further lamination step, the laminated layer setup of the first electrode
116 and spacer layer 134 may be turned onto the second electrode 118 and may be lami-
nated with the second electrode 118. Arrows 158 shown in Figure 7 indicate that the de-
picted laminated second electrode 118 may be turned onto the conductive adhesive 144.
The second electrode carrier layer 150 may be configured as the cover foil of the test ele-
ment 110. The second electrode carrier layer 150 may be coated on one side with the se-
cond electrode conductive layer 148, e.g. the second electrode carrier layer 150 may be
sputtered with a silver layer. At the position of the capillary 160 an Ag/AgCl paste stripe
may be arranged. The laminated second electrode is depicted in the left column of Figure
7. Finally, the layer setup may be cut into individual test elements 110 such as test strips.

The cutting and cutting lines 162 are indicated in Figure 7.

A third embodiment of the test element 110 is shown in Figures 8A to 10. For a detailed
description of the layer setup of the test element 110, reference can be made to the descrip-
tion of the first and second embodiment above or a description of further embodiments
given below. As in the second embodiment, the first electrode 116 and the second elec-
trode 118 may be contacted from opposing sides of the test element 110, e.g. by connectors
178 of the measurement device 172. In the third embodiment of the test element 110, the
capillary 160 may at least partially extend along the longitudinal axis 130 of the test ele-
ment 110, depicted e.g. in Figure 8B. The forming of the capillary 160 may comprise cut-
ting out the capillary 160 from the spacer layer 134. Thus, the spacer layer 134 may be
covered on both sides by an adhesive laminated by a release liner. The cutting may com-
prise a kiss-cut process. In the cutting process, a cutting profile wheel may be used. The
spacer layer 134 may run through a gap between two contrary rotating wheels, wherein one
of the wheels may be a kiss-cut wheel with a repeated outlined shape of the capillary 160
at a perimeter. By running through the rotating wheels, the outlined capillary shape may be
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cut into the spacer layer 134 down to a surface of the opposing release liner. Figure 8B
shows the capillary 160 cut out of the spacer layer 134 laminated on the second electrode

118, whereas Figure 8C shows a cross section of the test element 110.

The first electrode carrier layer 122 may be coated with a carbon paste or sputtered with a
noble metal layer. The reagent coating 128, e.g. the reagent strip, may be arranged close to
the measurement device 172, in particular close to a heating device of the measurement
device. Thus, it may be possible to heat the sample of body fluid above an ambient tempe-
rature, allowing coagulation status parameters to be tested in whole blood samples. The
position of the reagent coating 128 may define the measurement zone of the test element
110. The test element 110 may further comprise a vent hole opening 192. Adjacent to the
reagent coating, in direction of first electrode contact zone 138, the first electrode 116 may
be coated by a second reagent such that a hydrophobic surface 194 following the mea-
surement zone may be created. Hence, the sample of body fluid may be hindered to pass an
end of the capillary 160 up to the vent hole 192 such that the measurement device 172 may
be contaminated. However, other parts of the surface of the first electrode 116 may be hy-
drophilic such that a quick sample transport is ensured. Therefore the surface may be treat-

ed with a detergent. Figure 9 shows an exploded drawing of the test element 110.

After the kiss-cut process, one of the release liners may be removed from the spacer layer
134 and the spacer layer 134 may be laminated to the first electrode 116.T he spacer layer
134 may be covered with adhesive layers 189, 191 on both sides. Then cut out inner parts
196 of the capillary structure may be pulled off such that outer parts 198 of the capillary
structure remain on the first electrode 116. This removing step is depicted on the right col-
umn of Figure 10, e.g. the pulling off is indicated by arrow 200. The structure of the capil-
lary may be used to align the vent hole 192, the top dose position 184 and the second con-
tact hole 186. In a further lamination step, the laminated layer setup of the first electrode
116 and spacer layer 134, shown in the middle column of Figure 10, may be turned onto
the second electrode 118 and may be laminated with the second electrode 118, indicated by
arrow 158 shown in Figure 10. The laminated second electrode is depicted in the left col-
umn of Figure 7. Finally, the layer setup may be cut into individual test elements 110 such

as test strips. The cutting and cutting lines 162 are indicated in Figure 10.

Figure 11 shows an exploded drawing of an embodiment of the test element 110. In this
embodiment, the first electrode carrier layer 122 may be covered by a sputtered aluminum
layer 202. The usage of an aluminum layer may be advantageous because of lower raw
material costs and better electrical conductivity than carbon pastes or inks. However, the

aluminum layer cannot be used directly as electrode material for supporting a redox reac-
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tion, because of an oxide layer on a surface of the aluminum layer. The aluminum layer
202 may be combined with a conductive carbon paste. Thus, onto the aluminum layer 202
at a position of the electrochemical cell, a stripe of carbon 204 may be coated. The reagent
coating 128 may be coated on top of the carbon stripe 204. An adhesive layer 205 may be
arranged between the carbon stripe 204 and the spacer layer 134. The turnover element 176
may be arranged on top of the spacer layer 134, e.g. the turnover element 176 may be de-
signed as a conductive adhesive and a conductive carbon coating. Another side of the
spacer layer 134 may be coated with an adhesive layer 206. Alternatively, active ingredi-
ents of the detection reagent of the reagent coating 128 may be mixed with the carbon
paste and may be coated directly on the aluminum surface. In another embodiment, a con-
ductive carbon transfer adhesive foil may be used, which may be coated homogenously
with the reagent coating 128 and may be laminated onto the aluminum layer 202. The us-
age of carbon on aluminum may be feasible for all described embodiments. In embodi-
ments, wherein the test element 110 may be configured without a protruding carrier ele-
ment 112 as strip handle 132, a usage of carbon on aluminum may be feasible, too. In these
embodiments, the carrier element 112 may be coated with aluminum with a coated carbon

stripe and a reagent coating at the position of the electrochemical cell.

Figure 12 shows an exploded drawing of an embodiment of the test element 110 according
to the present invention. Figures 13A and B show a top view and a bottom view of this
embodiment. The test element 110 may comprise a layer setup. The first electrode 116,
which is designed as working electrode, may comprise at least one first electrode conduc-
tive layer 120. The first electrode conductive layer 120 may comprise a carbon ink coating.
The first electrode conductive layer 120 may be disposed on at least one first electrode
carrier layer 122. The first electrode carrier layer 122 may be a foil, e.g. a top foil. The first
electrode 116 may comprise at least one reagent coating 128, e.g. a detection reagent coat-
ing, in contact with the first electrode conductive layer 120. The reagent coating 128 may
cover at least partially the first electrode conductive layer 120. The reagent layer 128 may
extend over the whole width and length of the capillary 160.

The second electrode 118, which may be designed as counter electrode, may comprise at
least one second electrode conductive layer 148. The second electrode conductive layer
148 may comprise a carbon ink coating. The second electrode conductive layer 148 may be
disposed on at least one second electrode carrier layer 150. The second electrode carrier
layer 150 may be a foil, e.g. a bottom foil. The counter electrode may comprise at least one
reagent coating 128 in contact with the second electrode conductive layer 148. The reagent
coating 128 may comprise a redox chemistry. The reagent coating may comprise an

Ag/AgCl ink. The reagent coating 128 may cover at least partially the second electrode
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conductive layer 148. The reagent layer 128 may extend over the whole width and length
of the capillary 160. The reagent coatings of the first electrode 116 and the second elec-

trode 118 may cover equal areas of the respective electrode conductive layers 120, 148.

At least one spacer layer 134 may be disposed in between the first electrode conductive
layer 120 and the second electrode conductive layer 148. The first electrode 116 and the
second electrode 118 and the capillary 160 in between the first electrode 116 and the sec-
ond electrode 118 form an electrochemical cell. The electrochemical cell may extend over
the full length of the capillary 160. The first electrode 116 and the second electrode 118
may extend over the full length of the capillary 160. The spacer layer 134 may be arranged
such that it does not extend over the full length of the test element 110. For example, the
spacer layer 134 may cover the capillary 160 partly. The capillary 160 may be open at
three sides. The sample of bodily fluid may be applicable to a side dose position 164 and a

front dose position 166, which can be seen best in Figure 13A and B.

Further the test element 110 may comprise a first electrode contact zone 138 and a second
electrode contact zone 146 configured to contact the first electrode 116 and the second
electrode 118 with a further device, ¢.g. to a measurement device 172. The first electrode
contact zone 138 and/or the second electrode contact zone 146 and the side dose position
164 and front dose position 166 may be arranged at opposing ends of the test element 110.
The first electrode contact zone 138 and the second electrode contact zone 146 may be
arranged in different layers of the layer setup of the test element 110. The first electrode
contact zone 138 and the second electrode contact zone 146 may be configured to be elec-

trically contacted from opposing sides of the test element 110.

The first electrode conductive layer 120 and the first electrode carrier layer 122 may form
an overhang on the contact side of the test element 110 over the second electrode conduc-
tive layer 148 and the second electrode carrier layer 150 . Thus, parts of the first electrode
conductive layer 120 may be exposed and may allow contacting the first electrode 116
with the further device.

As described above, the spacer layer 134 may be designed such that it does not extend over
the full length of the test element 110. The spacer layer 134 may comprise at least one hole
and/or at least one recess, which may have an arbitrary form, for example circular or rec-
tangular. The spacer layer 134 may be formed in one part or in multiple parts. The spacer
layer 134 may be formed in two parts, wherein the two parts may be aligned with a gap
208 in between. The second electrode contact zone 146 may be formed in the following

way: The first electrode conductive layer 120 and the first electrode carrier layer 122 may
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comprise at least one hole and/or at least one recess, which may have an arbitrary form, for
example circular or rectangular. For example, recesses in the first electrode conductive
layer 120 and the first electrode carrier layer 122 may be formed by cutting and/or punch-
ing. In this embodiment, two rectangular recesses 210 may be present in the first electrode
conductive layer 120 and the first electrode carrier layer 122. The spacer layer 134 may be
arranged such that, within the layer setup of the test element 110, the spacer layer 134 may
not cover recesses 210. Thus, parts of the second electrode conductive layer 148 may be
exposed and may allow contacting the second electrode 118 with the further device, e.g.
measurement device 172.

List of reference numbers

110 test element

112 carrier element

114 adhesive layer

116 first electrode

118 second electrode

120 first electrode conductive layer
122 first electrode carrier layer
124 first longitudinal edge

126 second longitudinal edge
128 reagent coating

130 longitudinal axis

132 strip handle

134 spacer layer

136 adhesive layer

138 first electrode contact zone
140 measurement zone
142 conductive material layer

144 conductive adhesive layer

146 second electrode contact zone
148 second electrode conductive layer
150 second electrode carrier layer

151 conductive adhesive layer

152 strip of Ag/AgCl paste

154 first longitudinal edge

156 second longitudinal edge

158 arrows

160 capillary



WO 2016/097079

161 gap

162 cutting lines

164 side dose position
166 front dose position
168 front face

170 system

172 measurement device
174 side

176 turnover element
178 connector

180 arrows

182 arrow

184 top dose position
186 contact hole

188 first portion

189 adhesive layer

190 second portion

191 adhesive layer

192 vent hole opening
194 hydrophobic surface
196 inner parts

198 outer parts

200 Arrow

202 aluminum layer
204 stripe of carbon
205 adhesive layer
206 adhesive layer
208 gap

210 recess

-53-
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Claims

A system (170) for determining at least one property of a sample, the system com-
prising at least one test element (110), wherein the test element (110) comprises at
least one first electrode (116) and at least one second electrode (118), wherein the
first electrode (116) is designed as a working electrode and the second electrode is
designed as a counter electrode, wherein the test element (110) comprises at least one
capillary (160) capable of receiving a sample of the body fluid, wherein the first elec-
trode (116) and the second clectrode (118) are arranged on opposing sides of the ca-
pillary (160), wherein the first electrode (116) and the second electrode (118) and the
capillary (160) in between the first electrode (116) and the second electrode (118)
form an electrochemical cell, wherein the test element (110) is configured to detect
the at least one analyte independently of a filling level of the electrochemical cell,
wherein the first electrode (116) and the second electrode (118) are arranged such
that during a capillary filling the first electrode (116) and the second electrode (118)
are wetted simultaneously and at an equal rate, the system (170) further comprising
at least one measurement device (172) adapted for performing at least one electrical
measurement using the test element (110), wherein the measurement device (172) is
configured to detect both an AC signal and a DC signal, wherein the measurement
device (172) is configured to detect the at least one analyte independently of a filling
level of the electrochemical cell.

The system (170) according to the preceding claim, wherein the measurement device
(172) is further configured to electrically monitor a filling process of the capillary
(160).

The system (170) according to any one of the preceding claims, wherein the meas-
urement device (172) is configured to perform at least one initial failsafe measure-

ment before applying the sample of bodily fluid.

A method for determining at least one property of a sample, wherein a system (170)
according to any one of the preceding claims referring to a system (170) is used,
wherein the method comprises the following steps:

a) Connecting the test element (110) to at least one measurement device (172);

b) Applying a sample of bodily fluid to a capillary (160) of at least one test ele-
ment (110);

¢) Determining both an AC signal and a DC signal;



10

15

20

25

30

35

WO 2016/097079 PCT/EP2015/080132

10.

11.

-55-

d) Calibrating measurement results by using the AC and DC signal.

The method according to the preceding claim, wherein the AC signal and the DC

signal are determined simultanecously.

The method according to any one of the preceding claims referring to a method for
determining at least one property of a sample, wherein the determination of the AC

and DC signal is performed by overlapping excitation potentials.

The method according to any one of the preceding claims referring to a method for
determining at least one property of a sample, wherein both the AC signal and the
DC signal are proportional to the filling level of the capillary (160) such that effects
due to a filling of the capillary (160) are compensated.

The method according to any one of the preceding claims referring to a method for
determining at least one property of a sample, wherein the method further compris-
es determining a contact time, wherein an AC signal is applied between at least one
first electrode (116) and at least one second electrode (118) of the test element
(110), wherein a response over time is measured, wherein the response is compared
to a predefined threshold.

The method according to any one of the preceding claims referring to a method for
determining at least one property of a sample, wherein the method further compris-
es determining a filling level of the capillary (160), wherein an AC signal is applied
between the at least one first electrode (116) and the at least one second electrode
(118) of the test element (110), wherein a response signal over time is measured,
wherein the response is compared to at least one predefined threshold, wherein the

predetermined threshold is chosen such that a minimum filling level is ensured.

The method according to the preceding claim, wherein the predefined threshold is

chosen with respect to a specific conductivity of a sample.

The method according to any one of the preceding claims referring to a method for
determining at least one property of a sample, wherein the method further compris-
es monitoring a filling process of the capillary (160), wherein a DC voltage is ap-
plied between the first electrode (116) and the second electrode (118), wherein a
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DC response is detected, wherein the DC response is compared to a predefined lim-
it.

A test element (110) for electrochemically detecting at least one analyte in a bodily
fluid, wherein the test element (110) comprises at least one first electrode (116) and
at least one second electrode (118), wherein the first electrode (116) is designed as
a working electrode and the second electrode is designed as a counter electrode,
wherein the test element (110) comprises at least one capillary (160) capable of re-
ceiving a sample of the body fluid, wherein the first electrode (116) and the second
electrode (118) are arranged on opposing sides of the capillary (160), wherein the
first electrode (116) and the second electrode (118) and the capillary (160) in be-
tween the first electrode (116) and the second electrode (118) form an electrochem-
ical cell, wherein the test element (110) is configured to detect the at least one ana-
lyte independently of a filling level of the electrochemical cell, wherein the first
electrode (116) and the second electrode (118) are arranged such that during a ca-
pillary filling the first electrode (116) and the second electrode (118) are wetted
simultaneously and at an equal rate, wherein the capillary (160) is open at three
sides, wherein a sample of bodily fluid is applicable to a side dose position (164)
and/or a front dose position (166), wherein the test element comprises a first elec-
trode contact zone (138) and a second electrode contact zone (146) configured to
contact the first electrode (116) and the second electrode (118) with a further de-
vice, wherein the first electrode contact zone (138) and the second electrode contact
zone (146) are arranged in different layers of a layer setup of the test element (110),
wherein one of the first electrode contact zone (138) and the second electrode con-
tact zone (146) protrudes over the other one of the first electrode contact zone (138)
and the second electrode contact zone (146), wherein the first electrode contact
zone (138) and the second electrode contact zone (146) are configured to be electri-
cally contacted from opposing sides of the test element (110), wherein the test ele-
ment (110) comprises a layer setup, wherein the first electrode (116) comprises at
least one first electrode conductive layer (120) disposed on at least one first elec-
trode carrier layer (122), wherein the second electrode (118) comprises at least one
second electrode conductive layer (148) disposed on at least one second electrode
carrier layer (150), wherein at least one spacer layer (134) is disposed in between
the first electrode conductive layer (122) and the second electrode conductive layer
(148).
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The test element (110) according to the preceding claim, wherein the test element
(110) has an clongated shape extending along a longitudinal axis (130), wherein the
capillary (160) at least partially extends perpendicular to the longitudinal axis (130),
wherein the capillary (160) extends from a first opening at a first longitudinal edge of
the test element (110) to a second opening at a second longitudinal edge of the test
element (110).

A method for producing a test element (110) according to any one of the preceding
claims referring to a test element (110), the method comprising at least one step of
forming a layer setup, wherein the first electrode (116), the second electrode (118)
and the capillary (160) are formed such that the first electrode (116) and the second
electrode (118) are arranged on opposing sides of the capillary (160), wherein the
test element (110) is produced in a continuous process and the method further com-

prising cutting the layer setup into test strips.
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