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Test element support

Field of the invention

The invention relates to a test element support and a test clement analysis system for the
analytical examination of a sample. The invention further relates to a method for manufac-
turing at least one test element support, the test element support comprising at least one
heater and at least one heating element being configured for heating a test element for ana-
lytical examination of a sample. The devices and methods according to the present inven-
tion mainly may be used in the field of qualitatively or quantitatively detecting at least one
analyte in a sample, such as a sample of a body fluid, and/or for determining at least one

parameter of the sample. Other fields of application are feasible.

Related art

In the field of medical technology and diagnostics, a large number of devices and methods
for determining the presence and/or the concentration of one or more analytes in samples,
specifically fluid samples, such as body fluids, and/or for determining at least one parame-
ter of a sample are known. Without restricting the scope of the present invention, in the
following, mainly reference is made to the determination of coagulation parameters or ana-
lyte concentrations in blood samples, ¢.g. glucose concentrations. As an example, reference
may be made to commercially available devices and systems, such as the CoaguChek®
XS, CoaguChek® XS Pro, CoaguChek® Pro II or CoaguChek® INRange systems, the
Reflotron system or to the cobas h 232 system, all by Roche Diagnostics GmbH, Germany.
It shall be noted, however, that other types of samples or other types of analytes or parame-

ters may be used in a similar way.

For performing fast and simple measurements, several types of test elements are known,
which mainly are based on the use of one or more test chemicals, i.e. on the use of one or
more chemical substances, one or more chemical compounds or one or more chemical
mixtures, adapted for performing a detection reaction for detecting the analyte or determi-

ning the parameter. The test chemical often is also referred to as a test substance, a test
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reagent, a test chemistry or as a detector substance. For details of potential test chemicals
and test elements comprising such test chemicals, which may also be used within the pre-
sent invention, reference may be made to J. Hoenes et al.: The Technology Behind Glucose
Meters: Test Strips, Diabetes Technology & Therapeutics, Vol. 10, Supplement 1, 2008, S-
10 to S-26. Other types of test elements and/or test substances are feasible and may be used

within the present invention.

By using one or more test chemicals, a detection reaction may be initiated, the course of
which depends on the presence and/or the concentration of the at least one analyte or on
the parameter to be determined. The detection reaction preferably may be analyte-specific.
Typically, as may also be the case in the present invention, the test chemical is adapted to
perform at least one detection reaction when the analyte is present in the body fluid, where-
in the extent and/or the degree of the detection reaction typically depends on the concentra-
tion of the analyte. Generally, the test chemical may be adapted to perform a detection re-
action in the presence of the analyte, wherein at least one detectable property of at least
one of the body fluid and the test chemical is changed due to the detection reaction. The at
least one detectable property generally may be selected from a physical property and a
chemical property. In the following, without restricting potential other embodiments, refe-
rence will mainly be made to detection reactions in which one or more physical properties
are changed due to the detection reaction, such as one or more of at least one electrical
property and at least one optical property. Further, without restricting alternative solutions,
reference will be made to detection reactions in which at least one chemical property which
is electrically detectable is changed, i.e. to electrochemical test elements. Other test ele-

ments, such as optical test elements, however, are usable, too.

As generally known in the art of chemical analytics, the detection reaction and, thus, the
measurement result may strongly depend on the temperature of the test element, specifical-
ly on the temperature in a reaction zone or measurement zone of the test element, and/or of
the sample. A precise temperature control of the test element and/or a precise monitoring
of the temperature of the test element is therefore desirable, in order to increase the accura-
cy of the measurement. Therefore, several known devices generally provide a heating de-

vice for heating the test element.

Therein, however, a technical challenge resides in providing a high degree of homogeneity
of temperature over an active arca of a heating element for the test elements. The technical
challenges generally rise with the size of the heating element. Thus, in large area heating

clements having only a small active area, typically, many alternative heat paths may be
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present, such as paths of heat transport via mounting parts, holding down clamps for the
test strip or the like. In these setups, achieving a homogeneous temperature distribution is
generally rather difficult. Further, the larger the heating element is, the more energy is
needed to heat up the system to a desired temperature. The amount of energy required for
heating up the system to a target temperature generally imposes a challenge specifically for
handheld devices, due to the limited capacity and lifetime of commercially available bat-
teries. Additionally not only the amount of energy increases, but also the heat-up-time.

This leads to a longer waiting time for the user of such instruments.

Problem to be solved

It is therefore an objective of the present invention to provide a test element support, a test
clement analysis system and a method for manufacturing a test element support which ad-
dress the above-mentioned technical challenges of known devices and methods of this
kind. Specifically, a homogeneous heating of an active area shall be ensured, with a suffi-
cient thermal contact between the active area and the test element to be heated by the test

element support comprising at least one heater and at least one heating element.

Summary of the invention

This problem is solved by a test element support, a test element analysis system and a
method for manufacturing a test element support, 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.

As used in the following, the terms “have”, “comprise” or “include” or any arbitrary
grammatical variations thercof 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

clement C, elements C and D or even further elements.

Further, it shall be noted that the terms “at least one”, “one or more” or similar expressions

indicating that a feature or element may be present once or more than once typically will
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be used only once when introducing the respective feature or element. In the following, in
most cases, when referring to the respective feature or element, the expressions “at least
one” or “one or more” will not be repeated, non-withstanding the fact that the respective
feature or element may be present once or more than once.

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 support is disclosed. The test ele-
ment support comprises at least one heating element for heating a test element, the test
element being configured for analytical examination of a sample. The heating element
comprises a substrate, wherein the substrate is fully or partially made of at least one sub-
strate material. The substrate comprises at least one active area configured for being heated
and at least one non-active area outside the active area. The active area and the non-active
arca are separated by at least one thermal insulation element. The thermal insulation ele-
ment has a lower thermal conductivity than the substrate material. The thermal insulation
element is fully or partially embedded into the substrate. Further, the test element support
comprises at least one heater. The heater comprises at least one heater substrate. The heater
substrate is attached to the substrate. The heater substrate is attached to a back face of the

substrate opposing a front face of the substrate contacting the test element.

As further used herein, the term “test element support” refers to an arbitrary element which
is configured to bear or to hold up a test element. The test element support may specifically
comprise at least one surface which serves as a supporting surface for the test element.
Specifically, the front face of the substrate may form a supporting surface for the test ele-
ment. Thus, the test element may be in direct contact with the test element support via the
supporting surface. The test element support may provide a mechanical support for the test
element. Thus, the test element support may be configured to hold the test element in a
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desired position. Further, the test element support may be configured to prevent the test
clement from a movement in at least one direction. The test element support may be part of
the test element analysis system as will further be outlined below in more detail. When the
test element is located on the test element support, the test element analysis system may be
configured to detect at least one analytical reaction of the sample with at least one test
chemical comprised by the test element. The test element may exemplarily be a test strip as
will further be outlined below and the test element support may also be referred to as “test

strip support”.

The test element support may specifically be a flat test element support. The term “flat test
element support” may generally refer to an arbitrary test element support which comprises
at least one flat surface. The flat surface may specifically correspond to a supporting sur-
face of the test element support configured for holding up the test element. Further details

on the flat surface are provided below in more detail.

As outlined above, the test element support comprises the at least one heating element. As
used herein, the term “heating element” refers to an arbitrary element, device or combina-
tion of devices configured for providing an amount of heat to another element or device.
As outlined in further detail below, the heating element specifically may be an electrical
heating element, having at least one electrical heater, such as a resistive heater. In order to
be used as a heating element for heating a test element, the heating element specifically
may comprise at least one heater surface configured for directly or indirectly contacting the
test element. The test element specifically may be a test strip, so the heating surface speci-

fically may be a flat heating surface.

The term “test element” generally may refer to an arbitrary device which is capable of de-
tecting the analyte in the sample or of determining the parameter of the sample. The test
element may specifically 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 exten-
sion of the element in a lateral dimension exceeds the thickness of the element, such as by
at least a factor of 2, preferably by at least a factor of 5, 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. Thus, the

test element may also be referred to as test strip.

As further used herein, the term “sample” may refer to an arbitrary material or combination
of materials taken for an analysis, testing or investigation. The sample may be a limited

quantity of something which is intended to be similar to and may represent a larger
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amount. However, the sample may also comprise a full specimen. The sample may be solid
sample, a liquid sample or a gaseous sample or a combination of these. Specifically, the
sample may be a fluid sample, i.e. a sample which is fully or partially in a liquid state
and/or in a gaseous state. A quantity of the sample may be describable in terms of its vo-
lume, mass or size. However, other dimensions are feasible. The sample may comprise
only one material or only one compound. Alternatively, the sample may comprise several

materials or compounds.

The test element specifically may be configured for qualitatively or quantitatively detect-
ing at least one analyte in the sample and/or for determining at least one parameter in the
sample. The term “analyte”, as will be used and discussed in further detail below, generally
refers to an arbitrary element, component or compound which may be present in the sam-
ple and the presence and/or the concentration may be of interest for the user, the patient or
medical staff such as a medical doctor. Particularly, the analyte may be or may comprise
an arbitrary chemical substance or chemical compound which may take part in the metabo-
lism of the user or the patient, such as at least one metabolite. The detection of the at least
one analyte specifically may be an analyte-specific detection. The term “parameter” gene-
rally may refer to an arbitrary value such as a measurement value which is obtainable with-
in or by an analytical test. Exemplarily, the parameter may correspond to a property of the
sample and/or a property of the at least one analyte as described above. Specifically, the
parameter may be a coagulation parameter such as to a coagulation time of a blood sample.
For further details on the term “coagulation parameter” as further used herein, reference
may be made to US 2006/0035298.

The sample specifically may be or may comprise at least one body fluid, also referred to as
a bodily fluid. As used herein, the term “body fluid” may refer to a fluid which typically is
present in a body or body tissue of the user or the patient and/or which may be produced by
the body of the user or the patient. As an example for body tissue, interstitial tissue may be
named. 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, such as saliva, tear fluid, urine or other body fluids.

The term “analytical examination” generally may refer to a process of determining the
presence and/or the quantity and/or the concentration of the at least one analyte or to a pro-
cess of determining a parameter of the sample which is characteristic of the properties of
the sample, e.g. a coagulation parameter which is characteristic of the coagulation proper-

ties of a blood sample. The detection may be or may comprise a qualitative detection,
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simply determining the presence of the at least one analyte or the absence of the at least
one analyte, and/or may be or may comprise a quantitative detection, which determines the
quantity and/or the concentration of the at least one analyte. As a result of the detection, at
least one signal may be produced which characterizes an outcome of the detection, such as
at least one measurement signal. The at least one measurement signal specifically may be
or may comprise at least one electronic signal such as at least one voltage and/or at least
one current. The at least one signal may be or may comprise at least one analogue signal

and/or may be or may comprise at least one digital signal.

The term “substrate”, as used herein, generally refers to a basic element giving the heating
clement its shape and stability. The substrate may be or may comprise a carrier or base
plate which, as will be outlined in further detail below, may carry one or more further ele-
ments. The substrate may be made of one piece or may comprise multiple components.
The substrate, as will be outlined in further detail below, specifically may have the shape
of a plate or disk and/or may have one or more plane surfaces. Other shapes, however, are

feasible.

As further used herein, the term “substrate material” generally refers to a material, a mix-
ture of materials or a plurality of materials of which the substrate is fully or partially com-
posed of. The substrate material, as will be outlined in further detail below, specifically
may be or may comprise at least one rigid material. Specifically, the substrate material may
be or may comprise at least one of a metal, including pure metals or metal alloys, a plastic
material, a ceramic material or a composition of materials, such as a laminated material.

Other options, however, are feasible.

As further used herein, the term “active area” generally refers to an area contacting the test
clement and intended for transferring heat to the test element. A temperature of the active
arca may be controlled. Thus, the active area may be a real or virtual region, volume or
surface area the temperature of which may be adjusted to at least one distinct and prede-
termined or determinable temperature value, which may be transferred to the test element

contacting the full active area or a part thereof.

Consequently, the term “non-active area” generally refers to an area outside the active ar-
ca. Thus, again, the non-active area may be a real or virtual area of the substrate. As used
herein, the term “virtual area” generally refers to an area defined by its function of being
heated or not. Apart from this function and configuration of being heated or not, the active

arca necessarily has to be distinguished from the non-active area structurally.
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The active area and the non-active area specifically may be or may comprise areas of a
surface of the heating element, such as a heating surface facing the test element. The heat-
ing surface specifically may fully or partially be designed as a flat heating surface. Still,
other embodiments are feasible. Thus, the active and non-active arcas may also be partial
volumes of the substrate. In the latter case, the active area may comprise at least one active
surface area facing the test element, and the non-active area may optionally also comprise
at least one non-active surface area. The active area and the non-active areca may be located
in one plane of the heating element, specifically in one plane of the test element support.
As outlined above, the active area is configured for being heated. Thus, the active area may
be configured for transferring heat to the test element as well as for providing mechanical
support for the test element. The non-active area may provide an additional mechanical

support for the test element and may thus increase a supporting area for the test element.

As further used herein, the term “being separated” refers to the fact that the two elements
which are separated are distinct and located apart from one another with a separating ele-
ment in between the two clements. Thus, the thermal insulation element is located in be-
tween the at least one active area and the at least one non-active area. In case a plurality of
active areas and/or a plurality of non-active areas are provided, at least one thermal insula-
tion element is located in between at least one active area and at least one non-active area.
As an example, precisely one active area may be provided, which fully or partially is sur-
rounded by precisely one non-active area, with at least one thermal insulation element lo-
cated on at least one virtual borderline in between the active area and the non-active area.
Alternatively, at least two active areas may be interleaved by at least one non-active area,
with thermal insulation elements in between the non-active area and the two active areas.
Alternatively, again, at least two non-active areas may be interleaved by at least one active
arca, with thermal insulation elements in between the active arca and the two non-active

arcas. Further exemplary embodiments will be given below.

As further used herein, the term “thermal insulation element” refers to an arbitrary element
which is suited to impede a heat flow in between two eclements separated by the thermal
insulation element, as compared to a situation in which no thermal insulation element is
given in between the two elements, such as compared to a situation in which the two ele-
ments are in direct thermal or physical contact with one another. Thus, as an example, in
case the active area is heated to a higher temperature than the non-active area, in case the
thermal insulation element is provided in between these areas, a thermal equilibrium in
between the two areas, such as a state in which the two areas have the same temperature,

will be reached at a later point in time as compared to the situation in which no thermal
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insulation element is provided in between these areas, such as with the areas being in direct

physical or thermal contact with each other.

As further used herein, the term “thermal conductivity” refers to the capability of a materi-
al of conducting heat. The thermal conductivity may be anisotropic or, preferably, iso-
tropic. The unit often used for the thermal conductivity is W/(m-K). The reciprocal value

of the thermal conductivity is often referred to as the thermal resistivity.

As further used herein, the term “embedded” refers to the situation in which one element is
fully or partially surrounded or enclosed by another element. Thus, the embedded element
may be in direct contact with the embedding element and may be fully or partially sur-

rounded by the embedding element. The elements may form one single entity.

The thermal insulation element generally may have an arbitrary physical state. Thus, the
thermal element may fully or partially be made of one or more of a solid material, a gase-
ous material or a liquid material. Thus, as an example, the thermal insulation element may
also comprise a void in the substrate, wherein the void also may fully or partially be filled
with gas, such as air, or a vacuum. The thermal insulation element, however, specifically
may comprise at least one hole in the substrate, wherein the hole specifically may be filled
with one or more gases, such as air. Preferably, the hole may be selected from the group
consisting of a round hole, a polygonal hole, a slot, an elongated hole. Thus, as an exam-
ple, the thermal insulation element specifically may comprise a round hole in the substrate
and/or an elongated slot. Thus, the active area and the non-active area may be separated
specifically by one or more hole in the substrate. The thermal insulation element specifical-
ly may comprise at least two holes, preferably at least three holes, wherein the holes, spe-
cifically, may be located in a row. A cross-sectional arca of the substrate may be reduced
by the insulation element, specifically by the hole. Specifically, the cross-sectional area of
the substrate may be reduced by at least 15%, preferably by at least 25%, more preferably
by at least 35%, more preferably by at least 50%, more preferably by at least 65%, more
preferably by at least 75%, more preferably by at least 85%, more preferably by at least
90% and most preferably by at least 95%. Further, the cross-sectional area may be reduced
by the insulation element by 100%. Thereby, an insulation material may exemplarily be
placed in the hole, which fully extends along the cross-section of the substrate. Thus, as an
example, a cross-section of the substrate through a borderline of the active area may be
taken. Along the borderline, one or more thermal insulation elements may be located,
which may comprise one or more holes which may be filled with air or with another ther-

mally insulating material. The cross-section is taken through the one or more holes, and the
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cross-sectional area of the substrate with the holes is compared with the theoretical situa-
tion without holes. The above mentioned reduction of the cross-sectional area by the holes,
including the exemplary values give, may apply to this situation. The hole may specifically
comprise rounded edges. Thus, a tilting of the test element during insertion may be avoid-
ed.

The substrate may comprise at least one essentially flat front face, such as a front face fa-
cing the test element, and at least one essentially flat back face, wherein the void may ex-
tend from the front face to the back face. Thus, the void specifically may be or may com-
prise a through hole, extending from the front face to the back face, the hole having one of

the shapes listed above.

The insulation element may fully or partially be made of at least one material selected from
the group consisting of: air, a plastic material, a ceramic material, a composite material,
such as a foam material. It shall be noted, however, that other materials are feasible, too.
As will be outlined in further detail below, the use of air specifically simplifies the produc-
tion of the thermal insulation element, since the thermal insulation element simply may be
made e.g. by producing a through hole through the substrate, the through hole being filled

with air.

The active area specifically may fully or partially be surrounded by a virtual or non-virtual
borderline. The at least one thermal insulation element specifically may be located on the
borderline. In case a plurality of thermal insulation elements is provided, the thermal insu-
lation element specifically may be located in a row on the borderline. The borderline may
be a closed borderline, such as a circle, a rectangle, a polygon or an oval, or may be an
open borderline, such as a straight, bent or curved borderline. In case the borderline is a
closed borderline, the at least one thermal insulation element may be provided on one side

of the borderline or a plurality of sides of the borderline.

As outlined above, the test element support further comprises the at least one heater. The
heater specifically may be in contact with the substrate or substrate material. Specifically,
the heater may be located on the back face, as will be outlined in further detail below. As
used herein, the term "heater” refers to an arbitrary element which is designed or config-
ured to produce heat, ¢.g. by transforming one or more types of energy other than heat into
heat. Specifically, the heater may be an element configured for transforming electrical en-
ergy into thermal energy, wherein the transformation may be a full transformation or a

partial transformation. Thus, specifically, the heater may be or may comprise at least one
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thermal resistor, i.e. an electrical element having an electrical resistivity configured for

producing heat in case a current flows through the element.

The heater comprises at least one heater substrate, wherein the heater substrate is attached
to the substrate of the heating element. The heater substrate may be attached to the back
face of the substrate, the back face opposing the front face of the substrate contacting the
test element. The heater substrate specifically may comprise at least one material selected

from the group consisting: a flexible circuit board, a circuit board.

Further, the heater may be located in an area opposing the test element. Specifically, the
heater may be located in an area opposing the active area of the substrate. Thereby, the
active area may be in contact, specifically in direct contact, with the test element. Thus, the

heater may be configured to heat the active zone of the substrate selectively.

Further, the heater may be configured to be directly applied on the substrate of the heating
clement without a separate heater substrate. Exemplarily, a heating structure may be con-
figured to be directly printed to the heater substrate. The heater specifically may comprise

at least one electrical connector for electrically contacting the heater.

The heater specifically may be embodied fully or partially as a printed circuit board, pre-
ferably a flexible printed circuit board. Still, rigid printed circuit boards are feasible, too.
As an example, a thermal resistor may be located on a flexible printed circuit board, and
the flexible printed circuit board may be located on a back face of the substrate, specifical-

ly in an area opposing the active area contacting the test element.

The heating element and, specifically, the heater, may comprise at least one thermal sensor
clement. As used herein, the terms "thermal sensor element” generally refers to an arbitrary
element which is configured to provide at least one signal indicative of a temperature. The
thermal sensor element specifically may fully or partially be integrated into the heater. Ad-
ditionally or alternatively, however, the thermal sensor element may also be located in a
different part of the heating element. The thermal sensor element, as an example, may be
integrated into a printed circuit board, such as into a flexible printed circuit board, which
may also comprise the heater. As outlined above, the printed circuit board specifically may

be attached to the substrate, such as on a back face of the substrate.

The substrate and/or the heater substrate specifically may be essentially flat. Thus, as an

example, the substrate and/or the heater substrate may have the shape of a disc, with two
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opposing surfaces which are substantially parallel, such as with a tolerance of no more than
20°, preferably of no more than 10°, more preferably of no more than 5°. These parallel
surfaces specifically may fully or partially be flat, wherein grooves or other structural ele-
ments may also be provided on these surfaces. These surfaces may form the above-
mentioned front face and back face of the substrate. The thickness of the substrate may be
smaller than a typical lateral extension of the substrate in a plane of the front face and/or
back face, e.g. a diameter or equivalent diameter of the front face and/or back face. Thus,
as an example, a thickness of the substrate in a direction perpendicular to the front face
and/or back face may be smaller by at least a factor of 2, more preferably at least a factor
of 5, at least a factor of 10 or at least a factor of 20, than the equivalent diameter of the

front face and/or back face.

Specifically, the front face of the substrate of the heating element may comprise an essen-
tially flat surface. The term “flat surface” may specifically refer to an even surface or to a
planar surface which is at least to a large extent free from unevennesses such as protrusions
and/or grooves. Specifically, at least 90% of the surface, preferably at least 95% of the
surface and more preferably at least 99% of the surface may be free from unevenesses.
Specifically, the front face of the substrate may be essentially free from protrusions. The
term “protrusion” may refer to an element which emerges from a surface. Specifically, at
least 90% of the front face, preferably at least 95% of the front face and more preferably at
least 99% of the front face may be free from protrusions. Thus, the front face may also be
referred to as smooth surface. The flat surface may form a supporting surface for the test
element. Thus, the flat surface may be configured to hold up the test element. The test ele-
ment may specifically have at least one flat test element surface which is configured to be
laid up on the front face of the heating substrate. The test element, specifically the flat test
element surface, may be in direct contact with the flat surface of the substrate, specifically
with a front face surface of the front face of the heating substrate. The test clement surface
and the front face surface of the heating substrate may be arranged substantially parallel to
cach other, such as with a tolerance of no more than 20°, preferably of no more than 10°,

more preferably of no more than 5°.

Due to the parallel orientation of the front surface of the substrate of the heating element
and the test element surface a tilting of the test element during insertion within a test ele-
ment receptacle as will further be described below in more detail, may be prevented or
reduced at least to a large extent. Thus, a smooth insertion may be feasible and a damaging
of the test element may be avoided. Thus, a receiving of a reliable measurement may be

ensured.
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Further, the heater substrate may comprise an essentially flat heater substrate surface. The
flat heater substrate surface may be in direct contact with a flat surface of the substrate,
specifically with a back face surface of the back face of the heating substrate. The heater
substrate surface and the back face surface of the heating substrate may be arranged sub-
stantially parallel to each other, such as with a tolerance of no more than 20°, preferably of
no more than 10°, more preferably of no more than 5°. This may lead to an efficient heat

transfer from the heater over the heating element to the test element.

The test element support may specifically be configured such that the test element lies on
the front face of the substrate. Thus, the test element and the heater may be located on op-
posing sites of the substrate. Due to the arrangement of the heater and the test element on
opposing sides of the substrate of the heating element, a flat surface may be provided on
the front face of the substrate. Thus, the front face may be free from edges and/or protru-
sions. The test element may lie flatly on the front face surface, specifically on the active
arca of the heating element and an efficient heat transfer may be ensured. Further, as a heat
transfer may be realized from below the test element, the heating element and/or the heater
serve as a supporting element instead of laying on the test element. Thus, in contrast to a
construction wherein the heating element and/or the heater are arranged on top of the test
clement, a loading of the test element due to a weight of components and thereby a poten-

tial deformation of the test element may be avoided.

The at least one thermal insulation element specifically may be essentially flush with at
least one surface of the substrate, specifically with a front face and/or a back face of the

substrate.

The substrate specifically may fully or partially be made of one or more of a plastic mate-

rial, a metal or a ceramic material. As outlined above, other materials are feasible, too.

The heating element may further comprise at least one mounting element for mounting the
heating element to at least one part of a test element analysis system. Specifically, the at
least one mounting element may be or may comprise at least one mounting hole. The at
least one mounting element specifically may be located fully or partially within the non-
active area of the substrate. As an example, one or more than one mounting elements may
be provided. Specifically, at least two, preferably at least four, mounting elements may be
provided. The substrate specifically may be a flat substrate having an essentially rectangu-

lar shape with at least two, preferably at least four, protrusions or ears protruding from the
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rectangular shape, wherein the mounting elements are fully or partially located within the

protrusions or ears.

The heating element may further comprise at least one connector region for electrically
connecting the heating element to at least one electrical connector. The connector region

specifically may be located in the non-active area.

The heating element, as outlined above, specifically may comprise at least one thermal
sensor element. The thermal sensor element, as an example, may fully or partially be part
of the heater and/or may fully or partially be integrated into a different part of the heating
element. The thermal sensor element specifically may comprise at least one thermal resis-
tor configured for measuring a temperature and/or at least one other type of electrical
thermal sensor element. The heating element specifically may comprise at least two ther-
mal sensor elements, wherein, as an example, at least one of the thermal sensor elements
may be located within the active area and/or may be configured for measuring a tempera-
ture within the active area, and wherein at least another one of the thermal sensor clements
may be located within the non-active area and/or may be configured for measuring a tem-

perature within the non-active area.

The active area of the heating element may form an integrated heating surface of the test
element support. The term “integrated heating surface” may refer to an arbitrary heating
surface which is combined or embedded into another surface or which form one unit with
the other surface. Specifically, the integrated heating surface may be embedded into the
supporting surface of the test element support or may be part of the supporting surface. The
supporting surface may comprise at least one surface of the substrate of the heating ele-
ment such as the front face surface. The thermal insulation element may be essentially
flush with the heating surface of the test element support. Thus, the integrated heating sur-
face may provide a mechanical support of the test element and may allow a defined heating
of the test strip at the same time. The heating may specifically only take place within the
active arca of the heating element and may be reduced within the non-active area. The test
clement support may have the active area and the non-active area being located in one
plane. Consequently, a smooth insertion and an accurate positioning of the test element on
the supporting surface may be feasible. Further, the thermal insulation element may be
embedded in the integrated heating surface which may correspond to the supporting sur-

face. Thus, an efficient thermal insulation may be ensured.
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In a further aspect of the present invention, a test element analysis system for the analytical
examination of a sample is disclosed. As used herein, the term "system" generally refers to
an arbitrary set of interacting components or parts forming a whole or entity. Specifically,
the components may interact with each other in order to fulfil at least one common func-
tion. The components may be handled independently or may be coupled or connectable to
one another. Thus, generally, the term "test element analysis system" generally refers to a
system configured for performing at least one analysis by using at least one test element.
For potential definitions of the term "analysis", reference may be made to the term "analy-
tical examination" as given above. Thus, the test element analysis system may generally
refer to a system configured for determining the presence and/or the quantity and/or the
concentration of at least one analyte and/or for determining at least one parameter of a
sample which is characteristic of the properties of the sample. Thus, as an example, the
concentration of at least one analyte may be determined by using the analysis system and,
further, the test element, and/or a parameter such as a coagulation parameter may be de-

termined.

The test element analysis system comprises at least one test element receptacle. As used
herein, the term "test element receptacle” generally refers to a space of the test element
analysis system, such as within a meter of the test element analysis system, also referred to
as an analytical meter or measurement device, into which the test element may fully or
partially be received and which may fully or partially surround the test element, in order to
perform an analytical examination of the sample. Thus, as an example, the test element
receptacle may comprise at least one slot and/or space in between a housing of the meter,
into which the test element may be inserted from the outside of the meter and/or from a
magazine within the meter. The slot, as an example, may be configured for holding the test
element in such a way that a part of the test element protrudes from the meter, in order to
apply the sample, and another part of the test element is received inside the meter, ¢.g. for

performing the measurement. Other embodiments, however, are feasible.

The test element analysis system further comprises at least one test element support ac-
cording to the present invention, such as according to one or more of the embodiments
disclosed above and/or according to one or more of the embodiments disclosed in further
detail below. The test element support comprises the heating element which is arranged to
heat at least one test element received in the test element receptacle. Thus, the test element
analysis system further comprises the heater. The heater may at least partially from the test
element receptacle, e.g. a slot for inserting the test element, wherein the heating element is

arranged inside the heater, with at least one front face facing the slot. As an example, the
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heating element, specifically the front face of the heating element, may form at least one
side wall of a slot of the test element receptacle, such that a test element, inserted into the

slot, is in contact with the front face.

The test element analysis system may further comprise at least one detector for detecting at
least one analytical reaction of the sample with at least one test chemical comprised by the
test element. Thus, the detector may be part of a meter of the test element analysis system.
Depending on the properties of the test chemical and/or the test element, the detector may
be adapted to the specific type of analytical reaction, also referred to as the detection reac-
tion. As an example and as outlined in detail above, the analytical reaction specifically may
be detectable by optical measurements and/or by electrical measurements. As an example,
the test element may be one or more of an electrochemical test element and/or an optical
test element. Thus, as an example, the at least one detector may be or may comprise at least
one of an optical detector and/or an electrical detector. An optical detector, as an example,
may comprise at least one light source for illuminating the test chemical, such as at least
one test field comprising the at least one test chemical, and/or at least one optical sensor
for detecting light propagating from the test chemical towards the detector, such as at least
one photodiode or an imaging sensor like a CCD or CMOS device. Additionally or alterna-
tively, the detector may comprise at least one current source and/or voltage source and at
least one of a current measurement device and/or a voltage measurement device. These

types of detectors and/or measurements are generally known to the skilled person.

As outlined above, the test element analysis system specifically may comprise at least one
meter, the meter specifically having the at least one test element receptacle and, preferably,
the at least one detector. The test element analysis system, besides the at least one meter,
may further comprise the at least one test element itself. The at least one test element spe-
cifically may be configured for performing at least one analytical reaction with the sample.
The test element specifically may be a strip-shaped test element, e.g. a test strip, the test
strip having at least one test field comprising the at least one test chemical. It shall be no-
ted, however, that, generally, other types of test elements are usable, such as test elements

having the shape of a tape and/or a disc.

The test element receptacle specifically may be arranged such that at least one test element
received by the test element receptacle contacts both the at least one active area and the at
least one non-active area of the heating element. Specifically, the test element analysis
system may be configured such that a back side of the test element, which opposes the at

least one test field, contacts an active arca at the front face of the heating element, whereas
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at least one other part of the test element, such as a part outside the test field, contacts the
non-active area. In embodiments of the invention, active areas may be located beneath oth-
er areas of the test elements like reaction zones or incubation zones, additionally or alterna-
tively to the location beneath the test field of the test element. This is advantageous for
embodiments in which the test element comprises different zones with different functions
such as reaction zones, incubation zones or detection zones which need different tempera-
ture values. Such test elements may exemplarily be configured to be used for performing

multi-step reactions on the test element.

As outlined above, the substrate material has a higher thermal conductivity than the ther-
mal insulation element. Specifically, the thermal conductivity of the substrate material may
be at least 5 times the thermal conductivity of the thermal insulation element, more prefer-

ably at least 10 times and even more preferably at least 100 times.

The substrate material may have a thermal conductivity of at least 1 W/(m'K), more pref-
erably a thermal conductivity of at least 15 W/(m-K). The substrate material may exempla-
rily comprise a ceramic material and may have a thermal conductivity of at least 20
W/(m-K), more preferably at least a thermal conductively of at least 25 W/(m-K). Further,
the substrate material may exemplarily comprise steel and may have a thermal conductivity
of 30 W/(m'K) to 70 W/(m-K), more preferably at least a thermal conductivity of 20
W/(m-K) to 50 W/(m-K). The thermal insulation element may have a thermal conductivity
of less than 1 W/(m-K), preferably of less than 0.5 W/(m-K), more preferably of less than
0.1 W/(m'K) or even of less than 0.05 W/(m-K).The thermal insulation element may ex-
emplarily have a plastic material and may specifically have a thermal conductivity of less
than 1 W/(m'K), preferably of less than 0.5 W/(m-K), more preferably of less than 0.2
W/(m-K), more preferably of less than 0.1 W/(m-K) or even less than 0.05 W/(m-K). Fur-
ther, the thermal insulation element may exemplarily have air and may specifically have a
thermal conductivity of less than 0.1 W/(m-K), preferably of less than 0.05 W/(m-K), more
preferably of less than 0.03 W/(m-K),

In a further aspect of the present invention, a method for manufacturing at least one test
element support is disclosed, the test element support comprising a heating element which
is configured for heating at least one test element, the test element being configured for
analytical examination of a sample. The method comprises the following method steps,
which, preferably, are performed in the given order. It shall be noted, however, that a dif-
ferent order is generally also possible. Further, one, more than one or even all of the meth-

od steps may be performed repeatedly. Further, two or more than two method steps may be
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performed in a timely overlapping fashion and/or in parallel. The method may comprise

one or more additional steps, in addition to the method steps given below.

The method steps are as follows:

a) providing a substrate, the substrate being made of at least one substrate material,

b) providing at least one active area within the substrate, the active area being confi-
gured for being heated,

¢) providing at least one non-active arca within the substrate, the non-active area be-
ing located outside the active area,

d) providing at least one thermal insulation element separating the non-active area and
the active arca, wherein the thermal insulation element has a lower thermal conduc-
tivity than the substrate material, wherein the thermal insulation element is fully or
partially embedded into the substrate,

¢) providing at least one heater having at least one heater substrate, and

f) attaching the heater substrate to a back face of the substrate, the back face opposing

a front face of the substrate contacting the test element.

For details and definitions of the method, reference may be made to the description of the
heating element and the test element analysis system given above. Specifically, the method
may be used for manufacturing the heating element according to the present invention,
such as according to one or more of the embodiments given above and/or given in further

detail below.

The test element support, the test element analysis system and the method according to the
present invention provide a large number of advantages over known devices and methods.
Thus, as an example, one or more thermal insulation elements may be placed around one
or more active areas of the heating element. The active area may be defined as a virtual or
functional area rather than a physical area, wherein, in the logical area, the requirements
e.g. for homogeneity of the heating may be rather strict. By using the idea of the present
invention, the homogeneity requirements may be fulfilled, by focusing the heat inside the
active arca of the heating element. The non-active area may be larger than the active area.
Thus, as an example, the non-active area may be a surface arca of the front face of the
heating element which is larger by at least a factor of 1.2, such as at least 1.5 or even 2.5,
than the active area of the test element. In the non-active area, the requirements for homo-

geneity of the heating generally are not as strict as in the active area.
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The one or more thermal insulation elements specifically may be characterized by the fact
that heat transportation through these one or more elements is significantly reduced as
compared to the substrate material around these elements. Very simple embodiments for

these thermal insulation elements may be holes, which may be produced rather easily.

With these one or more thermal insulation elements, the heat transport to other regions of
the heating element may be prevented or at least reduced, and the homogeneity may be

adjusted.

Another advantage of the design according to the present invention resides in the fact that a
thermal capacity of the overall heating element may be reduced as compared to the situa-
tion without the one or more thermal insulation elements. Thus, thermal energy may be
saved in the warm-up phase of the heating element. The overall time to reach a desired end
temperature therefore may be reduced as compared to the case in which no thermal insula-
tion elements are provided. This can result in an overall faster warm-up-phase of the in-
strument and thereby to an earlier “ready-to-use” status of the instrument which is specifi-
cally advantageous for Point of Care instruments in the critical ill area where you need

very fast measurements and test results.

A further advantage of integrating the one or more thermal insulation elements into the
heating element may be that the front face which may get into contact with the test ele-
ment, such as the test strip, may be designed in a flat manner, such as by providing a flat
surface, e.g. in case the one or more thermal insulation elements are flush with the front

face.

As outlined above, the substrate material may be chosen from a plurality of materials.
Generally, however, the substrate material may be adjusted to the desired properties. Thus,
as an example, the realization of heat traps in ceramic heating elements is rather expensive.
Therefore, even though this possibility still exists, it is preferable to use stainless steel as a
substrate material or at least as a part thercof. Another benefit of using stainless steel as a
substrate material resides in the fact that stainless steel is more robust against shock load-

ing than e.g. ceramic materials.

In order to ensure that the front face, i.e. the contact surface with the test clement such as
the test strip, may also be electrically insulated, the front face of the heating element, spe-
cifically in case stainless steel is used, may be coated with one or more electrically insula-

ting materials, such as with one or more ¢lectrically insulating layers, e.g. electrically insu-
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lating resins, lacquers or coatings, e¢.g. ceramic coatings. Thus, generally, the substrate
and/or the substrate material may fully or partially be coated with one or more electrically
insulating layers, such as with one or more electrically insulating layers of a resin, lacquer

or ceramic coating.. Other embodiments, however, are feasible.

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

ferred:

Embodiment 1: A heating element for heating a test element for analytical examination of
a sample, the heating element having a substrate, the substrate being made of at least one
substrate material, the substrate comprising at least one active area configured for being
heated and at least one non-active area outside the active area, the active area and the non-
active area being separated by at least one thermal insulation element, wherein the thermal
insulation element has a lower thermal conductivity than the substrate material, wherein

the thermal insulation element is fully or partially embedded into the substrate.

Embodiment 2: The heating element according to the preceding embodiment, wherein the
active area and the non-active area are located in one plane of the heating element, specifi-

cally in one plane of the test element support.

Embodiment 3: The heating element according to any one of the preceding embodiments,
wherein the thermal insulation element comprises at least one hole in the substrate, prefer-
ably a hole selected from the group consisting of a round hole, a polygonal hole, a slot, an

clongated hole.

Embodiment 4: The heating element according to the preceding embodiment, wherein the
thermal insulation element comprises at least two holes, preferably at least three holes,

located in a row.

Embodiment 5: The heating element according to any one of the two preceding embodi-
ments, wherein the substrate comprises at least one essentially flat front face and at least

one essentially flat back face, wherein the hole extends from the front face to the back face.

Embodiment 6: The heating element according to any one of the three preceding embodi-

ments, wherein the hole comprises rounded edges.
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Embodiment 7: The heating element according to the preceding embodiment, wherein the

front face of the substrate forms a supporting surface for the test element.

Embodiment 8: The heating element according to any one of the preceding embodiments,

wherein the front face of the substrate is essentially free from protrusions.

Embodiment 9: The heating element according to any one of the preceding embodiments,

wherein the thermal insulation element comprises a void in the substrate.

Embodiment 10: The heating element according to any one of the preceding embodiments,
wherein the thermal insulation element is fully or partially made of at least one material
selected from the group consisting of: air, a plastic material, a ceramic material, a compo-

site material, such as a foam material.

Embodiment 11: The heating element according to any one of the preceding embodiments,
wherein the active area is fully or partially surrounded by a virtual or non-virtual border-

line, wherein the at least one thermal insulation element is located on the borderline.

Embodiment 12: The heating element according to any one of the preceding embodiments,

wherein the heating element further comprises at least one heater.

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

heater comprises at least one thermal resistor.

Embodiment 14: The heating element according to any one of the two preceding embodi-
ments, wherein the heater comprises at least one heater substrate, wherein the heater sub-

strate 1s attached to the substrate.

Embodiment 15: The heating element according to the preceding embodiment, wherein the
heater substrate comprises at least one material selected from the group consisting of: a

flexible circuit board, a circuit board.

Embodiment 16: The heating element according to any one of the two preceding embodi-
ments, wherein the heater substrate is attached to a back face of the substrate, the back face

opposing a front face of the substrate contacting the test element.
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Embodiment 17: The heating element according to any one of the five preceding embodi-
ments, wherein the heater comprises at least one electrical connector for electrically con-

tacting the heater.

Embodiment 18: The heating element according to any one of the six preceding embodi-
ments, wherein the heater is fully or partially embodied as a printed circuit board, prefera-

bly a flexible printed circuit board.

Embodiment 19: The heating element according to any one of the seven preceding embod-

iments, wherein the heater comprises at least one thermal sensor element.

Embodiment 20: The heating element according to any one of the preceding embodiments,

wherein the substrate is essentially flat.

Embodiment 21: The heating element according to any one of the preceding embodiments,
wherein the at least one thermal insulation element is essentially flush with at least one

surface of the substrate, specifically with a front face and/or a back face of the substrate.

Embodiment 22: The heating element according to any one of the preceding embodiments,
wherein the substrate is fully or partially made of one or more of a plastic material, a metal

or a ceramic material.

Embodiment 23: The heating element according to any one of the preceding embodiments,
wherein the heating element further comprises at least one mounting element for mounting

the heating element to at least one part of a test element analysis system.

Embodiment 24: The heating element according to the preceding embodiment, wherein the

at least one mounting element comprises at least one mounting hole.

Embodiment 25: The heating element according to any one of the two preceding embodi-
ments, wherein the at least one mounting element is located within the non-active area of

the substrate.

Embodiment 26: The heating element according to any one of the three preceding embod-
iments, wherein at least two, preferably at least four, mounting elements are provided,

wherein the substrate is a flat substrate having an essentially rectangular shape with at least
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two, preferably at least four, protrusions or ears protruding from the rectangular shape,

wherein the mounting elements are located within the protrusions or ears.

Embodiment 27: The heating element according to any one of the preceding embodiments,
wherein the heating element further comprises at least one connector region for electrically

connecting the heating element to at least one electrical connector.

Embodiment 28: The heating element according to the preceding embodiment, wherein the

connector region is located in the non-active area.

Embodiment 29: The heating element according to any one of the preceding embodiments,

wherein the heating element further comprises at least one thermal sensor element.

Embodiment 30: The heating element according to the preceding embodiment, wherein the
heating element comprises at least two thermal sensor elements, wherein at least one of the
thermal sensor elements is located within the active area and wherein at least one of the

thermal sensor elements located within the non-active area.

Embodiment 31: The heating element according to any one of the preceding embodiments,
wherein the substrate material has a thermal conductivity at least 5 times the thermal con-
ductivity of the thermal insulation element, more preferably at least 10 times and even

more preferably at least 100 times.

Embodiment 32: The heating element according to any one of the preceding embodiments,
wherein the substrate material has a thermal conductivity of at least 1 W/(m-K), more pre-
ferably a thermal conductivity of at least 15 W/(m-K).

Embodiment 33: The heating element according to any one of the preceding embodiments,
wherein the thermal insulation element has a thermal conductivity of less than 1 W/(m-K),
preferably of less than 0.5 W/(m-K), more preferably of less than 0.1 W/(m'K) or even of
less than 0.05 W/(m-K).

Embodiment 34: The heating element according to any one of the preceding embodiments,
wherein the heating element comprises at least two active areas, wherein the active areas

are separated by at least one thermal insulation element.
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Embodiment 35: A test element support, wherein the test element support comprises at
least one heating element according to any one of the preceding embodiments, wherein the

test element support further comprises at least one heater.

Embodiment 36: The test element support according to the preceding embodiment, where-

in the heater is located in an area opposing the active area of the substrate.

Embodiment 37: The test element support according to the preceding embodiment, where-

in the heater 1s located on the back face of the substrate.

Embodiment 38: The test element support according to any one of the two preceding em-

bodiments, wherein the active area contacts the test element.

Embodiment 39: The test element support according to the preceding embodiment, where-

in the test element support is a test strip support.

Embodiment 40: The test element support according to any one of the two preceding em-
bodiments, wherein the heater comprises at least one heater substrate, wherein the heater

substrate is attached to the substrate.

Embodiment 41: The test element support according to any one of the three preceding em-
bodiments, wherein the heater substrate is attached to a back face of the substrate, the back

face opposing a front face of the substrate contacting the test element.

Embodiment 42: The test element support according to any one of the four preceding em-
bodiments, wherein the active area of the heating element forms an integrated heating sur-

face of the test element support.

Embodiment 43: The test element support according to the preceding embodiment, where-
in the thermal insulation element is essentially flush with the integrated heating surface of

the test element support.

Embodiment 44: The test element support according to any one of the six preceding em-

bodiments, wherein the test element support is a flat test element support.
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Embodiment 45: The test element support according to any one of the seven preceding
embodiments, wherein the test element support provides a mechanical support for the test

element.

Embodiment 46: The test element support according to any one of eight the preceding em-
bodiments, wherein the test element support is configured such that the test element lies

flatly on the front face of the substrate.

Embodiment 47: A test element analysis system for the analytical examination of a sample,
the test element analysis system comprising at least one test element receptacle, wherein
the test element analysis system further comprises at least one heating element according
to any one of the preceding embodiments, wherein the heating element is arranged to heat

at least one test element received at least partially in the test element receptacle.

Embodiment 48: The test element analysis system according to the preceding embodiment,
wherein the test element analysis system further comprises at least one detector for detect-
ing at least one analytical reaction of the sample with at least one test chemical comprised

by the test element.

Embodiment 49: The test element analysis system according to any one of the preceding
embodiments referring to a test element analysis system, the test element analysis system

further comprising at least one test element.

Embodiment 50: The test element analysis system according to any one of the preceding
embodiments referring to a test element analysis system, wherein the test element recept-
acle is arranged such that a test element received by the test element receptacle contacts

both the at least one active area and the at least one non-active area of the heating element.

Embodiment 51: A method for manufacturing at least one heating element for heating a
test element for analytical examination of a sample, the method comprising:
a) providing a substrate, the substrate being made of at least one substrate material,
b) providing at least one active area within the substrate, the active area being confi-
gured for being heated,
¢) providing at least one non-active arca within the substrate, the non-active area be-
ing located outside the active area, and
d) providing at least one thermal insulation element separating the non-active area and

the active arca, wherein the thermal insulation element has a lower thermal conduc-
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tivity than the substrate material, wherein the thermal insulation element is fully or

partially embedded into the substrate.

Embodiment 52: The method according to the preceding embodiment, wherein the method
is for manufacturing a heating element according to any one of the preceding claims refer-

ring to a heating element.

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.

In the Figures:

Figure 1 shows an exemplary embodiment of a test element analysis system;

Figure 2 shows a top view of a first exemplary embodiment of a heating element;

Figures 3A and 3B show a top (Figure 3A) and bottom (Figure 3B) view of a second

exemplary embodiment of a heating element;

Figure 4 shows a top view of a third exemplary embodiment of a heating eclement;

and
Figures SA and 5B show two different temperature profiles of a heating element.
Detailed description of the embodiments
In Figure 1, a cross-sectional view of a simplified embodiment of a test element analysis
system 110 for the analytical examination of a sample is shown. The test element analysis

system comprises a housing 112 with user interfaces 114, such as a display 116 and one or

more control elements 118 such as buttons. The test element analysis system 110 compris-
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es at least one controller 120 which, as an example, may fully or partially be configured as
an evaluation device for evaluating the analysis. The controller 120 may be connected to

the user interfaces 114.

The test element analysis system 110 further comprises at least one test element receptacle
122 for receiving one or more test elements 124. The test element analysis system 110 fur-
ther may comprise at least one detector 126, such as at least one optical detector 126, for
detecting at least one analytical reaction of the sample with at least one test chemical 128
comprised by the test element 124, such as at least one test chemical 128 contained in at
least one test field 130.

The test element 124 specifically may be designed as a test strip. For exemplary embodi-
ments of test elements 124, reference may be made to the prior art described above. Other
embodiments, however, are feasible. The detector 126 specifically may be an optical detec-
tor, such as a detector having at least one light source (not depicted) and at least one optical

sensor, for performing remission measurements on the test field 130.

The test element analysis system 110 further comprises at least one test element support
108 comprising the heating element 132 for heating the test element 124. The heating ele-
ment 132 comprises a front face 134, facing the test element 124, on which the test element

124 may rest, and, on an opposing side, a back face 136.

On the front face 134, an active area 138 is defined which faces the region of the test cle-
ment 124 containing the test field 130. Outside the active area 138, a non-active area 140 is
defined, as will be explained in further detail below. The active arca 138 is separated from
the non-active area 140 by at least one thermal insulation element 156, which will be ex-

plained in further detail below.

Further, the test element support 108 comprises at least one heater 142. The heater 142
may be located on the back face 136, as will be explained in further detail below with re-
spect to Figure 3B. The heater 142 comprises at least one heater substrate 143. Further, the
heating element 132 comprises one or more thermal sensor elements 144 for detecting a
temperature of the heating element 132. The heater 142 and the thermal sensor element
144 may both directly or indirectly be connected to the controller 120, as shown in Figure
1.
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In Figure 2, a top view onto a front face 134 of a first exemplary embodiment of a heating
clement 132 is shown. As shown therein, the heating element 132 may comprise a sub-
strate 146 which fully or partially is made of at least one substrate material 148. The sub-
strate specifically may be a flat substrate, with a plane front face 134 and a plane back face
136. The substrate 146 specifically may be essentially rectangular in shape, and may have,
as an example, four protrusions 150 in the corners of the rectangle, also referred to as
"ears". In these protrusions 150, one or more mounting elements 152 may be provided, for
mounting the heating element 132 to the remaining parts of the test element analysis sys-
tem 110, such as to a housing 112 of the test element analysis system 110. As an example,

the mounting elements 152 may comprise mounting holes.

As discussed above in the context of Figure 1, on the front face 134, the heating element
132 comprises at least one active area 138. The active area 138 of the heating element 132
may from an integrated heating surface 170 of the test element support 108. The active
arca 138 is an area which gets into contact with a side of the test element 124 in the region
of the test field 130. The active area 138 is surrounded by at least one virtual borderline
154, along which, in this embodiment, a plurality of thermal insulation elements 156 are
provided, in order to separate the active area 138 from the non-active area 140. The ther-
mal insulation elements 156 have a lower thermal conductivity than the substrate material
148. For potential embodiments of Figures, reference may be made to the description given

above.

As outlined above, the heating element 132 comprises at least one thermal insulation ele-
ment 156 which separates the at least one active area 138 from the at least one non-active
arca 140. The heating element 132, however, may also comprise at least two active areas
138 which are separated from one another by at least one thermal insulation element 156.
For details of potential embodiments of the thermal insulation element 156 separating the
two active arecas 138, reference may be made to the description above and to the embodi-

ments shown in further detail below.

The substrate material 148, as an example, may comprise at least one metallic material,
such as iron and, more preferably, stainless steel. On the front face 134 and/or the back

face 136, one or more electrically insulating layers may be provided.

The one or more thermal insulation elements 156 are fully or partially embedded into the
substrate 146. A specifically simple and effective method for embedding and generating

these thermal insulation elements 156 is to design these thermal insulation elements 156 as
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voids 158 in the substrate 146. These voids 158, as an example, may be designed as round
through holes 160 and/or as one or more elongated through holes 162. As shown in Figure
2, a combination of these options is possible, such as by placing round through holes 160 at
the shorter sides of the rectangular-shaped borderline 154 and elongated through holes 162
at the longer sides of the borderline 154. It shall be noted, however, that other shapes of the
borderline 154 are also feasible and, further, that other types of voids 158 are also possible.
Further, it shall be noted that the thermal insulation elements 156, in this embodiment, are
filled with air, which typically has a thermal conductivity of 0.0262 W/(m"K). The thermal
conductivity of air is, thus, lower than the thermal conductivity of stainless steel which,
typically, is in the range of 20 W/(m-K). It shall be noted, however, that other thermally
insulating materials may be used. Thus, as an example, the voids 158 may also be filled
with other types of thermally insulating materials, such as thermally insulating plastic ma-

terials and/or thermally insulating ceramic materials.

In Figures 3A and 3B, a second embodiment of a test element support 108 comprising a
heating element 132 is shown. Therein, Figure 3A shows a top view onto a front face 134,
and Figure 3B shows a bottom view, onto a back face 136. For most of the details, refer-
ence may be made to the description of the embodiment shown in Figure 2 above. Again,
the active area 138 may be defined by a virtual borderline 154, wherein, in this case, on
one side of the borderline 154 a plurality of thermal insulation elements 156 in the form of
a row of round through holes 160 is provided. Thus, virtually, the area above the row of
round through holes 160 in Figures 3A and 3B may be defined as the active area 138,
whereas the area below this row of round through holes 160 may be defined as the non-

active area 140.

As can be seen in the back side view in Figure 3B, the heating element 132 comprises a
heater 142 which, in this exemplary embodiment, is designed as a thermal resistor 164. As
an example, the heater 142 may comprise a printed circuit board, such as a flexible printed
circuit board, which comprises the thermal resistor 164 and which is attached to the sub-
strate 146 on the back face 136, in a region opposing the active area 138. As an example,
the printed circuit board, in Figure 3B symbolically denoted by reference number 166, may

be glued to the back face 136, by a thermally conductive glue.

As outlined above, the heating element 132 may further comprise one or more thermal
sensor elements 144. The one or more thermal sensor elements 144 may also be part of the
printed circuit board 166, as shown in the exemplary embodiment of Figure 3B. Thus, in

this exemplary embodiment, one thermal sensor element 144 is located within the heater
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142, on a side opposing the active area 138, whereas a second one of the thermal sensor
clements 144 is located outside the heater 142, on a side opposing the non-active area 140.

The thermal sensor elements 144 may be integrated into the printed circuit board 166.

The heater 142 and, specifically, the printed circuit board 166, may comprise at least one
electrical connector 168 for electrically contacting the heater 142. The electrical connector
168 may also be used for electrically contacting the one or more thermal sensor elements
144.

The embodiments shown in Figure 2 and in Figures 3A, 3B demonstrate options with one
active area 138. As shown in a further embodiment depicted in Figure 4, a plurality of ac-
tive arcas 138 may also be provided. Again, a front view, comparable to Figure 3A and
Figure 2, is shown. Therein, three different active areas 138 are provided, in a row. In be-
tween the active areas 138, thermal insulation elements 156 are provided. Further, the
thermal insulation elements 156 are also used for separating the active arcas 138 from the

surrounding non-active arcas 140.

Thus, the embodiments shown in Figures 2 to 4 clearly demonstrate that a design of the
placement, the number and the shape of the thermal insulation elements is possible, in or-
der to provide a homogeneity of the at least one active area 138. The thermal profiles, for
checking the homogeneity, may be calculated, such as by simulation calculations, or may

be determined empirically.

Figures 5A and 5B show temperature profiles of a heating element 132. Thereby, the heat-
ing element 132 may correspond to the heating element 132 for example as depicted in
Figures 3A and 3B. Thus, for further details, reference may be made to the description of
Figures 3A and 3B above. The temperature profiles were prepared on basis of a thermal
image (not shown) of the heating element 132 made with a infrared camera VarioCAM®
HR head 600 (InfraTec GmbH, Dresden, Germany). For preparing the temperature profile
according to Figure 5A a profile was placed in a direction along a longitudinal axis of the
thermal image which corresponds to a direction along the heating element 132 according to
the line A-A" as shown in Figure 3A. The profile along the line A-A” was placed through
an area of the thermal image which corresponds to a center of one of the thermal insulation
elements 156 as depicted in Figure 3A. Further, for preparing the temperature profile ac-
cording to Figure 5B a profile was placed in a direction along a longitudinal axis of the
thermal image which corresponds to a direction along the heating element 132 according to
the line B-B™ as shown in Figure 3A. This profile was placed through an area of the ther-
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mal image which corresponds to an area of a bridge between two thermal insulation ele-
ments 156 as depicted in Figure 3A. The temperature profile as illustrated in Figures SA
and 5B show a temperature T in °C versus pixels P. The pixels have been equidistantly
distributed along the lines A-A” and B-B’.

In these two temperature profiles (Figures SA and 5b), a temperature drop, in the region of
Pixel 22 - which corresponds to the position of the insulation elements (156) in Figures 3A
and 3B, is clearly observable. This significant drop is caused by the inventive insulation
clements (156).

Beyond the area of this temperature drop, the temperature may further decrease in a linear
manner or decreases in a linear manner. Such a linear decrease of the temperature directly
at the virtual borderline (154) of the active area (138), without the significant drop, would
be disadvantageous, due to requirements of homogeneity of the temperature inside of the
active area (156).
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List of reference numbers

test element support
test element analysis system
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control element
controller

test element receptacle
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test chemical
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heating element
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heater

heater substrate
thermal sensor element
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protrusion
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void
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electrical connector
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Claims

A test element support (108), wherein the test element support (108) comprises at
least one heating element (132) for heating a test element (124) for analytical exami-
nation of a sample, the heating element (132) having a substrate (146), the substrate
(146) being made of at least one substrate material (148), the substrate (146) com-
prising at least one active arca (138) configured for being heated and at least one
non-active area (140) outside the active area (138), the active area (138) and the non-
active area (140) being separated by at least one thermal insulation element (156),
wherein the thermal insulation element (156) has a lower thermal conductivity than
the substrate material (148), wherein the thermal insulation element (156) is fully or
partially embedded into the substrate (146), wherein the test element support (108)
further comprises at least one heater (142), wherein the heater (142) comprises at
least one heater substrate (143), wherein the heater substrate (143) is attached to the
substrate (146), wherein the heater substrate (143) is attached to a back face (136) of
the substrate (146), the back face (136) opposing a front face (134) of the substrate
(146) contacting the test element (124).

The test element support (108) according to the preceding claim, wherein the thermal
insulation element (156) comprises at least one hole (160, 162) in the substrate (146).

The test element support (108) according to the preceding claim, wherein the sub-
strate (146) comprises at least one essentially flat front face (134) and at least one es-
sentially flat back face (136), wherein the hole (160, 162) extends from the front face
(134) to the back face (136).

The test element support (108) according to any one of the preceding claims, wherein
the thermal insulation element (156) is fully or partially made of at least one material
selected from the group consisting of: air, a plastic material, a ceramic material, a

composite material.

The test element support (108) according to any one of the preceding claims, wherein

the heater (142) is fully or partially embodied as a printed circuit board.
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The test element support (108) according to any one of the preceding claims, wherein
the active area (138) of the heating element (132) forms an integrated heating surface
(170) of the test element support (108).

The test element support (108) according to any one of the preceding claims, wherein
the heater (142) is located in an area opposing the active area (138) of the substrate
(146).

The test element support (108) according to any one of the preceding claims, wherein
the front face (134) of the substrate (143) is essentially free from protrusions.

The test element support (108) according to any one of the preceding claims, wherein
the heating element (132) further comprises at least one mounting element (152) for
mounting the heating element (132) to at least one part of a test element analysis sys-
tem (110).

The test element support (108) according to any one of the preceding claims, wherein
the heating element (132) further comprises at least one thermal sensor element
(144).

The test element support (108) according to any one of the preceding claims, wherein
the substrate material (148) has a thermal conductivity at least 5 times the thermal

conductivity of the thermal insulation element (156).

A test element analysis system (110) for the analytical examination of a sample, the
test element analysis system (110) comprising at least one test element receptacle
(122), wherein the test element analysis system (110) further comprises at least one
test element support (108) according to any one of the preceding claims, wherein the
test element support (108) is arranged to heat at least one test element (124) received

at least partially in the test element receptacle (122).

The test element analysis system (110) according to the preceding claim, wherein the
test element analysis system (110) further comprises at least one detector (126) for
detecting at least one analytical reaction of the sample with at least one test chemical
(128) comprised by the test element (124).
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The test element analysis system (110) according to any one of the preceding claims
referring to a test element analysis system (110), the test element analysis system
(110) further comprising at least one test element (124).

A method for manufacturing at least one test element support (108), the method
comprising:

a) providing a substrate (146), the substrate (146) being made of at least one sub-
strate material (148),

b) providing at least one active area (138) within the substrate (146), the active area
(138) being configured for being heated,

¢) providing at least one non-active area (140) within the substrate (146), the non-
active area (140) being located outside the active area (138),

d) providing at least one thermal insulation element (156) separating the non-active
arca (140) and the active area (138), wherein the thermal insulation element
(156) has a lower thermal conductivity than the substrate material (148), wherein
the thermal insulation element (156) is fully or partially embedded into the sub-
strate (146),

¢) providing at least one heater (142) having at least one heater substrate (143), and

f) attaching the heater substrate (143) to a back face (136) of the substrate (146),
the back face (136) opposing a front face (134) of the substrate (146) contacting
the test element (124).
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