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Analysis device with replaceable test field support

The invention relates to an analysis device, in particular with a replaceable test field
support, for the electrochemical determination of an analyte in a human bodily fluid, for
example blood, several times in succession.

Prior Art

US 5,286,362 relates to a method and a sensor electrode system for the electrochemical
determination of an analyte or of oxidoreductase, as well as to the use of suitable
substances for the electrochemical determination. Electrons are transferred in the
presence of an oxidoreductase and a reducible substance, and these are transferred in the
course of the determination reaction from the oxidoreductase to an electrode. This
produces a signal which allows determination of the analyte to be determined, the
reducible substance being enzymatically reduced and oxidized at the electrode. The
substance which is produced at the electrode by oxidation differs from the reducible
substance originally used. A corresponding sensor electrode system and components
suitable for it are furthermore disclosed. According to US 5,286,362, a mixture of an
oxidoreductase and a first reducible substance is used, the reducible substance having
the property that this reducible substance is reduced by the oxidoreductase and produces
a reduced substance in an irreversible reaction, and this reduced substance produces by
oxidation a second reducible substance, which differs from the first reducible substance.
An instrument is provided for holding the mixture of the oxidoreductase and the first
reducible substance, as well as instruments for bringing the mixture in contact with a
liquid sample, which may contain the analyte. Contact instruments are furthermore
provided for electrical connection of the mixture upon contact with the sample to two
electrical leads physically separate from each other. The contact instruments enclose an
electrically conductive surface for receiving the electrodes from the first reducible
substance, when the first reducible substance is reduced by the oxidoreductase and the
reduced substance is produced, and for oxidizing the reduced substance at the
electrically conductive surface to form a second reducible substance, which differs from
the first reducible substance.

US 6,027,689 relates to a test card for optical or electrical determination of the
concentration of a substance in a liquid. A test card is provided for use in a measuring
device for evaluating the concentration of a substance in a liquid, for example a
substance in a bodily fluid, which comprises a number of layers of material that is
preferably suitable for being united in a continuous process during which the layers are
unrolled from corresponding storage rolls. Each test card comprises a number of
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individually usable test sections, which are joined together and arranged in a
successive sequence in the length direction of the test card. The material layers, of
which the test card consists, enclose at least one reaction layer and a cover layer
covering it, the cover layer comprising an opening for receiving a drop in each test
section. A distribution layer and a carrier material layer are provided, which can
likewise be incorporated in the test card, the carrier layer in each test section comprising
a measurement opening which coincides with the opening for the drop. Weakened zones
in the material, which are formed between neighbouring test sections, allow simple
removal of an already used test section from the remaining test sections.

WO 2004/030822 Al discloses a multiple capillary sensor analysis system. The
capillary sensor analysis system is used to analyse a sample liquid with respect to an
analyte contained in it, in particular for analysing a human or animal bodily fluid. A
capillary sensor comprises a capillary channel, enclosed by at least two wall parts,
having an inlet opening for the sample liquid and a vent opening. The capillary channel
contains reagents, the reaction of the sample liquid with the reagents leading to a
measurable change of a measurement quantity characteristic of the analysis. An
evaluation device is provided, which comprises a capillary sensor frame for positioning
a capillary sensor in a measuring position in order to carry out an analysis. The
positioning is carried out so that the inlet opening of the capillary channel is accessible,
in order to bring a sample liquid to be studied in contact with the inlet opening, the
sample liquid entering the capillary channel because of capillary forces and filling it.
Measurement and evaluation electronics are furthermore provided in order to measure
the measurement quantity and determine the intended analysis information on the basis
of the measurement value resulting from the measurement. The capillary sensors are
designed as multiple capillary strips with a number of successively arranged capillary
sensors. A multiple capillary sensor strip is guided and held in the capillary sensor
frame of the evaluation device so that a capillary sensor of the strip respectively lies in
the measuring position and its inlet opening is accessible for contact with sample liquid.
The multiple capillary sensor strip can be moved in the evaluation device so that
consecutive capillary sensors of the multiple capillary sensor strip can be transported
into the measuring position. The evaluation device comprises a cutting instrument by
which, after carrying out each measurement, the capillary sensor used for the
measurement is cut from the multiple capillary sensor strip. Capillary sensors of the
multiple capillary sensor strip are designed as electrochemical capillary sensors which
respectively comprise a working electrode, a counter electrode and sensor contacts
which are connected to the electrodes via conductor tracks and are in contact with
corresponding device contacts of the evaluation device during the measurement, in
order to establish an electrical connection to the measurement and evaluation
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electronics.

The above-discussed solutions according to the prior art represent arrangements of test
field supports in which a plurality of individual test fields are arranged in a row on a
band or a bar, and a new test field respectively has to be transported to the sample
application position. In this case, either the respectively necessary electrical contact is
established simultaneously or all the measuring cells are initially connected through by
electrode pairs, and the respectively used individual test fields are removed.
Transporting a sample application position to a fixed application position in the analysis
set entails relatively high outlay, which is inherent to all the above-discussed solutions
of the prior art. The user of the above-discussed arrangements is respectively offered
only one test section, which is arranged on a band-shaped or strip-shaped support, and
they are compelled to use the respectively available test field under the respectively
available test field section. The user is restricted in terms of their selection
opportunities, and can use only the respectively presented test section. Selection of test
field sections, which could be employed in an arbitrary order by the user, is not possible
with the above-discussed solutions known from the prior art.

Description of the Invention

In view of the solutions known from the prior art, it is an object of the invention to
provide an analysis unit which allows substantially simplified handling by an end-user,
for example a diabetic, and is constructed much more simply than the solutions known
from the prior art.

According to the invention, this object is achieved by the features of independent Claim
1.

The solution proposed according to the invention is advantageously distinguished in that
a plurality of individual test fields or test sections are arranged in the form of a matrix
on a test field support, so that the individual test fields can be used in any order.
According to the alternative embodiments of the proposed solution, the position of the
individual test fields on the test field support, and therefore the position of the
individual test fields with respect to the measuring system, is fixed, it being possible to
apply the sample at the available different positions of the individual test fields. This
avoids the transport of a sample application position to a fixed application position,
which can only be carried out with considerable outlay, which greatly simplifies the
structure of the analysis unit or the measuring device.
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In contrast to the use of individual test field supports, the handling outlay is
significantly reduced with the solution proposed according to the invention by inserting
a test field support on which a plurality of individual test fields are provided. A plurality
of individual test fields are preferably arranged in matrix form on the side of the test
field support accessible to the user. The number of individual test fields arranged on a
single test field support, configured so that it can be replaced, is for example adapted to
the number of glucose measurements required over a day by a diabetic. A number of
individual test fields on a test surface, corresponding to this number, considerably
reduces the outlay for carrying out a single measurement. At the same time, this solution
avoids disposing of individual used test strips, possibly at different positions, which are
otherwise separated from a continuous material according to the prior art.

In contrast to the individual test fields or bars in row form known from the prior art,
arranged on bands to be transported through the analysis unit, the solution proposed
according to the invention avoids complex mechanical or electromechanical drives
which take up installation space, as well as the transport mechanisms necessary for
them. The analysis units or analysis systems can therefore be designed to be much
smaller, in particular significantly flatter. Avoiding mechanical or electromechanical
drives and transport mechanisms, which take up installation space, furthermore makes it
possible to produce such analysis units at much lower costs. In principle, the analysis
units proposed according to the invention are less susceptible to perturbation and,
compared with systems in which electrical drives are used, can be operated with smaller
batteries or with such batteries as have a significantly extended life.

The analysis units proposed according to the invention, which receive the test field
supports configured so that they can be replaced, advantageously stand out from the
solutions known from the prior art in that the same parameter of the sample can be
determined successively by all the individual test fields arranged on a replaceable test
field support.

The analysis unit proposed according to the invention is distinguished by its simplified
handling, an electrical contact between the analysis unit and the test field support, which
can be inserted into it, being established when the test field support is inserted into a
housing depression or a differently configured housing facility. The electrodes of all the
electrochemical measuring cells of all the individual test fields of a test field support,
configured so that it can be replaced, are always connected simultaneously to a common
electrical measurement and control circuit. The analysis unit automatically detects
which of the individual test fields matricially applied on the test field support is just to
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be used. Interconnection of the individual test field just to be used with the

measurement and control circuit of the analysis unit takes place electronically in order

to carry out the determination measurement.

After respective single use of all the individual test fields of a given test field support,
i.e. after it has been fully used up, it is removed from the analysis unit.

In a first preferred alternative embodiment, the analysis unit with a test field support
configured so that it can be replaced may be configured in the form of a fold-down case
in the housing depression of which, formed on a lower shell, a credit-card-shaped, i.e.
very flatly formed, test field support comprising a plurality of matricially arranged
individual test fields can be inserted. After insertion, the very flatly formed test field
support is electrically connected by an electrical contact strip formed on its rear side to
an electrical contact strip designed complementarily with it in the housing depression in
the lower side of the analysis unit designed in the form of a case.

According to this preferred alternative embodiment, a plurality of individual test fields
are arranged in the form of a matrix on the surface of the test field support on the upper

side which is accessible to the user after opening the upper shell.

The test field support comprises a stiffly designed support sheet, on which at least two
electrode surfaces are respectively applied at the respective individual test field
positions by methods such as laser ablation, lithography and screen printing. These are
connected by conductor tracks to electrical contact surfaces at the edge of the test field
support designed in the form of a card. A reagent layer is applied over the surface of the
base sheet onto the electrode and conductor track structures. This reagent layer contains
the reagents necessary for specific detection of the intended parameters from the
sample. There is a spacer sheet on the reagent layer, which may for example be
adhesively bonded onto the reagent layer. The spacer sheet comprises holes at the
positions of the electrodes, which form measuring chambers. A cover sheet is
furthermore applied on the spacer sheet. The cover sheet may, for example, be
adhesively bonded onto the spacer sheet. The cover sheet seals the measuring chambers
and is designed so as to create openings for receiving the sample at the measuring
positions, as well as respectively a vent hole. Above the cover sheet, there is a sealing
sheet for closure, by which the measuring capillary spaces that are formed are externally
sealed in a moisture-tight fashion.

In order to carry out the measurement, one of the measuring chamber dosing openings is
respectively opened by the user, which may for example be done by removing a ring-



10

15

20

25

30

35

40

WO 2006/108811 PCT/EP2006/061449
6
pull closure or a tab or the like, and they then apply the sample for the measurement.

Before the first individual test field on the test field support designed in the form of a
card can be used for the measurement, the test field support designed in the form of a
card is inserted into a measuring device, for example designed in the form of a case, in
order to carry out the first measurement, to which end it has an indentation designed in
the form of a depression. In order to insert the test field support designed in the form of
a card, and to carry out a measurement, it is possible to fold open the upper shell of the
analysis unit designed in the form of a case, which has a display on its inside that the
user can read when it is in the folded open state.

The test field support designed in the form of a card is inserted with its lower side
comprising an electrical contact strip into the recess designed in the form of a
depression in the lower shell of the analysis unit, which may be designed in the form of
a case. After the measurement, the analysis unit is deactivated by folding the upper shell
shut. Activation of the analysis unit may be carried out in a straightforward way by
folding the upper shell open.

The electrodes of all the individual test fields arranged on the upper side of the test field
support designed in the form of a card are simultaneously connected to the contacts of
the analysis unit. A measuring cell may be selectively connected up to the measurement
and control circuit of the device electronically using an analogue semiconductor
switching matrix. After the analysis unit is activated, all the measuring electrodes of the
individual test fields are serially electronically tested repeatedly by a conductance
measurement. The analysis unit thereby detects which of the individual test fields has
been provided with a sample, and then carries out the electrochemical detection
measurement on the corresponding electrodes. The result is subsequently shown on the
display arranged on the inside of the upper shell.

Another preferred alternative embodiment of the solution proposed according to the
invention relates to a test field support comprising a continuous band, in which capillary
sensors are formed. According to this alternative embodiment, however, the individual
capillary sensors are not cut into individual test strips but are present as blocks in a
mutually adjacent arrangement to form a plurality of capillary sensors. The band,
preferably designed in a plurality of layers, is constructed from individual layer
materials held on a plurality of rolls. On a strip base sheet, there are a conductive
structure, the electrode surface, the conductor tracks and contacts. A strip-shaped
reagent film with the reagents necessary for the intended detection reaction is applied
onto the stiffer base sheet in the region of the electrode surfaces. On this, there is in turn
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a stamped spacer sheet which, on one side of the band, forms a capillary open to this
side and a measuring cell above the electrode surface and, on the other side of the band,
simultaneously exposes contact surfaces for electrical connection at the ends of the
conductor tracks. A cover sheet, which seals the capillaries on the upper side and forms
a vent hole at the inner end of the capillary, is adhesively bonded onto the spacer sheet
for closure. If a moisture-isolating seal is optionally necessary in order to protect the
reagent layer, then the band may be formed longer in front of the capillary side, in
which case U-slot-shaped stamping around the front of the capillary leaves it open on
the dosing side, but simultaneously forms a closed frame around the dosing opening. By
sealing around the stamped region with a vapour-tight sheet, the capillary region with
the reagents provided there is therefore protected against ingress of moisture.

In order to expose the capillary opening, the frame is bent down on the front edge, so
that a protective sheet can be removed from the dosing opening.

Two band-shaped sections of the band constructed in layers, respectively with for
example five individual test fields, i.e. five capillary measuring cells, are inserted
opposite each other into an analysis unit. The analysis unit comprises a lower part, on
which a block-shaped test field support is respectively placed on two opposite sides.
Connected to the lower part of the analysis unit via a hinge, there is an upper part which
is folded onto the lower part after inserting the test field supports, and therefore fixes the
test field supports inserted into the analysis unit. At the same time, contact of the
measuring cell electrodes with electronics in the upper part is established by resilient
contacts correspondingly arranged in a row.

The display lies on the upper side of the folded-shut device; control buttons may
furthermore be provided on the upper side. The analysis unit according to this second
alternative embodiment is designed so that the openings for the sample application
positions, i.e. the capillary openings of the block-shaped test field supports inserted into
the analysis unit, face out on both sides and are therefore readily accessible.

The analysis unit may furthermore comprise an outer cover sleeve, which is applied by
sliding over the analysis unit. In the slid-on state, this cover sleeve forms a handle for
holding the analysis unit. Also according to this alternative embodiment, the electrodes
of all the individual test fields of the test field support designed in the form of a block
and containing a plurality of capillary measuring cells are simultaneously connected to
the contacts of the analysis unit. Here as well, an individual measuring cell may be
selectively connected up to the measurement and control circuit of the device
electronically, for example using an analogue semiconductor switching matrix. After the
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analysis unit is activated, the measuring electrodes of the individual test fields are
serially electronically tested repeatedly by a conductance measurement, so that the
analysis unit or a measuring algorithm implemented in it detects which of the individual
test fields has been provided with a sample. The electrochemical detection measurement
is then carried out, and the result is subsequently shown on the display of the analysis
unit. After having used all the individual test fields of the test field support, which may
be designed in the form of a block or in the form of a card, it may be removed from the
analysis unit simply by folding open the upper part.

According to another alternative embodiment of the concept on which the invention is
based, a test field support may be slid into a slot-in module, which can be slid into a
sleeve designed complementarily with the configuration of the slot-in module and is
securely accommodated in it. The slot-in module encloses a for example rectangular
recess, into which the card-shaped test field support containing a plurality of individual
test fields is inserted. The individual test fields or test sections, designed in the form of
tongues, have capillary openings on an outer edge.

The individual test fields or test sections are in a mutually adjacent arrangement, and a
light-emitting diode may be assigned to each individual test field. After having used all
the individual test fields of a test field support designed in the form of a card, the used
test field support may be removed by unlatching on the slot-in module and replaced by a
new flatly designed test field support comprising unused individual test fields or test
sections.

Drawin

The invention will be described in more detail below with reference to the drawing, in
which:

Figure 1 shows a representation of the first alternative embodiment of an analysis unit
proposed according to the invention, with the card-shaped test field support inserted,

Figure 2 shows a cross section through the card-shaped test field support inserted into
the analysis unit, with a representation of the electrode structure,

Figure 3 shows an analogue semiconductor switching matrix for electrical contact of the
individual fields of the card-shaped test field support according to Figure 1,

Figure 4 shows a reproduction, represented on an enlarged scale, of the upper side of the
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test support with matricially arranged individual test fields, the first individual

test field row of which is open,

Figure 5 shows a card-shaped test field support represented having been removed from
a depression in the lower shell of the analysis unit,

Figure 6 shows the representation of a further alternative embodiment of the analysis
unit proposed according to the invention, in the folded-open state,

Figure 7 shows the analysis unit according to Figure 6 before sliding into a cover sleeve,

Figure 8 shows an analysis unit according to the representation in Figure 6, slid into the

cover sleeve,

Figure 9 shows a perspective view of an analysis unit configured as a slot-in module,

Figure 10 shows the slot-in module of the analysis unit according Figure 8 in the state
extracted from the slot-in box and with the card-shaped test field support inserted,

Figure 11 shows an enlarged representation of the slot-in module with the test field
support designed in the form of a card inserted,

Figure 12 shows the slot-in module, without the card-shaped test field support, removed
from the slot-in box,

Figure 13 shows the layer structure of an individual test strip of the card-shaped test
field support in an exploded representation, and

Figures 14.1 to 14.3 show a perspective representation of the test field support designed
in the form of a card with individual test strips, with and without a protective sheet in

the region of the terminal electrodes and in the region of the capillary openings.

Alternative Embodiments

In what follows, the terms measuring devices or analysis units will be intended to mean
portable devices which a user can always carry with them on their person. Such
transportable measuring devices or analysis devices contain a long-term energy store,
which supplies energy to evaluation electronics accommodated in the portable
measuring devices or in the portable analysis unit. The test field supports which can be
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inserted into the portable measuring devices or analysis units are preferably a
medical consumable material, which is removed from the device after use and replaced
by a new test field support with unused individual test fields. As an alternative or in
addition, however, it is also possible to employ multiply usable test field supports
which, for example, can be regenerated again after each use so that they can
subsequently be reused.

Figure 1 shows an analysis unit according to the present invention, having a card-shaped
test field support inserted in an analysis unit.

The representation according to Figure 1 represents a measuring device or an analysis
unit which comprises a lower shell 12 and an upper shell 14 connected by means of an
articulated connection 16. An indentation in the form of a depression is formed in the
lower shell 12, in which according to the representation in Figure 1 the flat card-shaped
test field support 26 can be inserted. The boundary of the indentation in the form of a
depression in the lower shell 12 is identified by the reference numeral 20. There are a
first display 22 and a second display 24 in the upper shell 14 of the measuring device 10
or the analysis unit 10.

As can be furthermore seen from the representation according to Figure 1, the flatly
designed card-shaped test field support 26 comprises a test support surface 28, on which
a matricially configured test field array 30 is arranged. After the upper shell 14 of the
measuring device 10 or the analysis device 10 is opened, all the individual test fields of
the test field array 30 are accessible. Each individual test field of the test field array 30
is closed, and can be opened by the user as will be described in more detail below.

After the upper shell 14 is opened, the user can freely select which of the individual test
fields of the matricially configured test field array 30 they wish to use, and use it after
opening the closure. For diabetics, for example, this represents a very simple and user-
friendly procedure since the number of blood sugar measurements required daily for
diabetics can be carried out very straightforwardly with the individual test fields
available in the test field array 30. Since, after a corresponding individual test field from
the test field array 30 has been used, it remains inside the flatly designed test field
support 26, an environmental burden due to discarded test strips, which may for
example occur in the solutions according to the prior art, can be precluded.

Figure 2 shows a cross section through the card-shaped test field support according to
the representation in Figure 1, and a representation of the electrode structure.
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It can be seen from the sectional representation according to Figure 2 that

the test field support 26 designed flatly, preferably in the form of a card, has a layered

structure.

A support sheet 34 is applied onto a base sheet 32. The support sheet 34 is covered by a
reagent layer 40, a column-shaped hole 44 being formed between the side of the support
sheet 34 facing the reagent layer 40. Conductor tracks 36 for the connection of
electrodes 38 extend inside the column-shaped hole 44. The conductor tracks 36 are
represented in section in the sectional representation according to Figure 2. The
aforementioned reagent layer 40 lies above the conductor tracks 36. Between the
reagent layer 40 and a spacer sheet 42, which covers the reagent layer 40 in individual
regions, measuring chambers or measuring capillary spaces 46 are formed. The
electrochemical measuring cells 46 are covered by a hydrophilic layer 50, which is in
turn covered by a cover sheet 48. In order to vent the electrochemical measuring cells
46, both the cover sheet 48 and the hydrophilic layer 50 arranged below it are pierced
by a vent 52.

The electrochemical measuring cell represented in section in Figure 2, or the
electrochemical measuring cell 46 represented in Figure 2, are in communication via an
opening with the lower side of an individual test field 68 having a reception well 80. In
the representation according to Figure 2, a cover 78 closing the individual test field 68 is
represented in its open position. On the side facing the reception well 80, the cover 78
has a sealing edge 82.

It can furthermore be seen from the representation according to Figure 2 that the
electrochemical measuring cell 46, bounded by the spacer sheet 42 on the one hand and
by the reagent layer 40 and the hydrophobic layer 50 on the other hand, accommodate
for example electrodes 38 arranged mutually opposite. The electrodes 38 comprise a
counter electrode CE and a further electrode WE. In the representation according to
Figure 2, the ends of the electrodes CE and WE protrude into each other in the form of a
comb. Electrodes FSE detecting the filling level of the electrochemical measuring cell
46 are furthermore provided, an individual electrochemical measuring cell 46 always
respectively being assigned a pair of electrodes FSE detecting its filling level. In the
representation according to Figure 2, the filling level electrodes FSE detecting the level
to which the electrochemical measuring cell 46 is filled with a sample liquid protrude
into the electrochemical measuring cell 46 in the region of the electrodes CE and WE.

The representation according to Figure 3 shows an analogue semiconductor switching
matrix 54 in a schematic representation. The electrodes 38, CE and WE represented in
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Figure 2, as well as the electrodes FSE detecting the filling level of the
electrochemical measuring cell 46 are integrated into an analogue semiconductor
switching matrix 54. Each electrochemical measuring cell 46, and therefore each
individual test field 68 of the test field support 26 designed flatly, preferably in the form
of a card according to the sectional representation in Figure 2, are assigned four
electrodes. To this end, an evaluation component comprises a CE terminal 56, at which
the voltage can be applied to the CE electrode, and a WE terminal 58 to which the
voltage can be applied on the WE terminal. Each of the terminals 56, 58 is assigned a
switch 64 or 66. The first switch 64 switches between the CE electrode and a terminal
60 of the first filling level electrode, whereas the second switch 66 switches to and fro
between the WE electrode and the terminal of the second filling level electrode 62. This
arrangement ensures that the individual test field 68, respectively wetted by a sample
and deliberately selected by the user, is evaluated by the evaluation component to which
voltages conveyed by the electrodes are transmitted. The result recorded by the
evaluation component is correspondingly shown graphically on the first display 22
represented in Figure 1 or the second display 24. The electrodes CE, WE represented in
Figure 3 and the two FSE electrodes, via which the filling level of a bodily fluid such as
whole blood or thinned blood in the electrochemical measuring cell 46 can be detected,
are assigned to each of the individual test fields 68 arranged matricially in the card-
shaped test field support 26. The two filling level electrodes FSE detecting the filling
level in the electrochemical measuring cell 46 ensure that a measurement is always
carried out with a sufficient liquid content in the electrochemical measuring cell 46, and
that both the CE electrode and the WE electrode are fully wetted by the liquid
containing the analyte.

The electrodes CE, WE represented in Figure 3 and the two FSE electrodes are all
connected to the electrical contact strip 72 which can be seen on the shell side in Figure
5. When the test field support 26 designed in the form of a card is inserted into the
lower shell 12 of the analysis unit 10, the electrical contact strip 72 arranged in the
lower shell 12 is connected with a complementarily configured electrical contact strip
70 on the lower side of the test field support 26 designed in the form of a card. In this
way, the individual test fields 68 arranged matricially as a test field array 30 formed on
the upper side of the flat test field support 26, designed in the form of a card, are
electrically connected when the test field support 26 designed in the form of a card is
inserted into the lower shell 12 of the measuring or analysis device 10. A
microprocessor assigned to the analogue semiconductor switching matrix 54 switches
through the analogue semiconductor switching matrix 54 so that it is possible to check
to which of the individual test fields 68 an electrically conductive connection has been
made, based on filling of the electrochemical measuring cell respectively assigned to
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this individual test field 68. Whether the filling level of a raw liquid in the relevant

electrochemical measuring cell 46 is sufficient is then determined via the electrodes

FSE, in order to ensure a reliable measurement result.

The representation according to Figure 4 shows a representation of the upper side of the
flat test field support designed in the form of a card, on an enlarged scale.

In the representation according to Figure 4, the flat test field support 26 is removed from
the depression-shaped indentation in the lower shell 12 of the measuring device 10 or
the analysis unit 10, and represented separately. In the representation according to
Figure 2, the great majority of the individual test fields 68 in the test field array 30 are
closed, whereas one row of the individual test fields 68 formed matricially on the upper
side of the flat test field support 26 is represented in the open state. In the closed state,
each individual test field 68 is closed by a cover 78, each of the covers 78 having a
sealing edge 82. In the closed state of the cover 78, the sealing edge 82 seals a reception
well 80 on the flat test field support 26. In order to open the covers 78, they are
respectively provided with a ring-pull closure 76, the tab of which protrudes slightly
beyond the cover 78 in the state closing the reception well 80. In order to open an
individual test field 68 and introduce a sample of bodily fluid, for example whole blood
or thinned blood, the user pulls on a recloseable ring-pull closure 76 and brings the
cover 78 into an upright position as represented in Figure 4. The ring-pull closure 76
can then be reclosed, so that the individual test field 68 is sealed.

Figure 5 shows a flat test field support which is removed from the indentation provided
in the lower shell of the measuring device or the analysis unit in the folded-open state.

Figure 5 shows the depression-shaped indentation, which is formed in the lower shell 12
of the measuring device 10 designed in the form of a case. The replaceable flat test field
support 26, removed according to the representation in Figure 5 from the lower shell 12,
comprises individual test fields 68 which are accessible because the cover 78 is placed
open, whereas the majority of the individual test fields 68 formed on the upper side of
the flat test field support 26 are sealed by closed covers 78. The electrical contact with
the flat test field support 26, configured so that it can be replaced, is carried out on the
one hand via a contact strip 72 formed in the depression-shaped indentation of the lower
shell 12, which interacts with an electrical contact strip formed complementarily with it
on the lower side of the flat test field support 26. When the flat test field support 26 in
the unused state is inserted into the depression-shaped indentation in the lower shell 12,
contact with the flat test field support 26 therefore takes place directly.
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Figure 6 shows a second alternative embodiment of the concept on which the
invention is based, the arrangement represented in Figure 6 likewise comprising two
parts connected together at a hinge 146, i.e. a lower part 142 and an upper part 144.
Figure 6 represents a corresponding measuring device or analysis unit 140 in the open
state. A capillary sensor support 100 is inserted into the lower part 142, this having five
or more capillary sensors 104 lying next to one another.

The band assembled from rolls comprises a plurality of layers, which create an
electrochemical capillary sensor 104 when laminated together. The capillary sensor
support 100 containing a plurality of layers in its final assembled state comprises a
stiffer base sheet having a conductive structure, electrode surfaces, conductor tracks and
contacts. A strip reagent film with the reagents necessary for the intended measurement
reaction is applied over the more stiffly designed base sheet by flow coating in the
region of the electrodes. A further layer is in turn applied on top in the form of a
stamped spacer sheet, for example adhesively bonded. On one side of the capillary
sensor support 100, it forms a capillary 108 open on this side as well as an
electrochemical measuring cell over the electrode surfaces and, at the same time, on the
other side of the band, conductor track contact surfaces at the ends, on which electrical
contact can take place. A cover sheet, which seals the capillary 108 at the top and forms
a vent hole at the inner end of the capillary 108, is finally adhesively bonded onto the
applied, for example adhesively bonded reagent sheet.

Optionally, sealing of the reagent layer against moisture may be achieved in that the
band is designed to be wider on the capillary side, in which case U-slot-shaped
stamping around the front of the capillary 108 leaves it open on the dosing side, but
simultaneously forms a closed frame around the dosing opening. By sealing around the
stamped region with a thin vapour-tight sheet, the capillary region with the reagents can
be protected against ingress of moisture.

In order to expose the capillary 108, the frame (not shown in Figure 6) is bent up on the
front edge of the capillary sensor support 100, after which a protective sheet can be
removed from the opening of the capillary 108. Two of these sections, for example each
having five individual test fields (capillary measuring cells), may be inserted opposite
each other into the analysis unit 140. The lower part 142 and the upper part 144 are
closed, so that the inserted capillary sensor support 100 is immobilized and contact
takes place with strip-shaped contact regions 110, 112 of the capillary sensor support
100, so that the measuring cell electrodes is established with electronics, which are
accommodated in the upper part 144 of the measuring device 140 or the analysis unit
140, by resilient contacts 148 arranged in a row. The two contact regions 110 and 112,
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extending mutually parallel, run parallel to the first long side 102 or the second long
side 106 of the capillary sensor support 100. The electronics test all the individual test
fields of the capillary sensor support 100 as regards which of the capillary sensors 104
has been selected for use by the user, since a conductive connection is set up in the
assigned electrochemical measuring cell 46 in the capillary sensor 104 being used,
owing to the sample liquid which enters.

If the upper part 144 of the analysis unit 140, which connects the contact regions 110
and 112 of the capillary sensor support 100, is folded down about the hinge 146, then
the contact regions 110, 112 are connected by resilient contacts 148 which are designed
complementarily with the profile of the contact regions 110, 112 of the capillary sensor
support 100 in the upper part 144. When the upper part 144 is folded down, i.e. an
electrical connection is established between the resilient contacts 148 and the contact
regions 110, 112 of the capillary sensor support 100, then the openings of the capillaries
108 protrude laterally beyond the folded-down upper part 144. The user of the
connected capillary sensor support 100 can therefore select which of the capillary
sensors 104 they use and - in contrast to the solutions known from the prior art - is not
restricted to successive presentation of them.

Figure 7 shows the measuring device 140 folded together, or the analysis unit 140
folded together, before sliding into a cover sleeve.

In the representation according to Figure 7, the lower part 142 and the upper part 144 of
the measuring device 140 or the analysis unit 140 connect with the capillary sensor
support 100. On the upper side of the upper part 144, there are a display 150 and
optionally control buttons, which are identified by the reference numerals 152. In the
folded-together state, the measuring device 140 or the analysis unit 140 can be slid into
the cover sleeve 154 (cf. Figure 8). In the slid-on state 156, the cover sleeve 154 is also
used as a handle for holding the measuring device 140 or the analysis unit 140.

The electrodes of all the individual test fields or capillary sensors 104 of the capillary
sensor support 100 are simultaneously connected to the resilient contacts 148 arranged
in a row in the upper part 144. Deliberate determination of the respectively used
electrochemical measuring cell for the measurement and control circuit of the
measuring device or the analysis device 140 is carried out electronically via an analogue
semiconductor switching matrix 54 (cf. Figure 3). After activation of the measuring
device 140 or the analysis unit 140, all the measuring electrodes of the individual test
fields are serially electronically tested repeatedly by a conductance measurement, so
that the measuring device 140 detects, for example with the aid of a measurement
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algorithm implemented in it, which of the individual test fields has been dosed with a

sample, for example in the form of a drop of whole blood, and then carries out the

electrochemical detection measurement on the electrodes. Its result is subsequently

shown on the display 150 on the upper side of the upper part 144.

Once all the individual test fields or capillary sensors 104 of the capillary sensor support
100 have been used, it is removed from the measuring device 140 or the analysis unit
140. To this end - as represented in Figure 7 - the cover sleeve 154 is slid fully off the
measuring device 140, then a latch between the upper part 144 and the lower part 142 is
released. After opening the upper part 144 and the lower part 142, the capillary sensor
supports 100 can be taken out and replaced by unused, new usable capillary sensor
supports 100.

Figure 9 shows another alternative variant of the solution proposed according to the
invention, with a slot-in module which can be slid into a slot-in box.

A slot-in arrangement 200 comprises a slot-in module 202 and a slot-in box 204.
Gripping pieces 206 are externally applied on the slot-in box 204, and a
latching/unlatching device 208 with a latching element 238 is furthermore located at one
end of the slot-in box 204. Gripping surfaces 210 are formed on the extraction side of
the slot-in module 202, using which the slot-in module 202 can be extracted from the
slot-in box 204 after actuation of the latching/unlatching device 208.

Figure 10 shows the slot-in arrangement 200 with the slot-in module 202 extracted from
the slot-in box 204. A recess 212, into which a flatly designed test field support 214 is
slid, is formed on the slot-in module 202. The test field support 214 contains a plurality
of test sections 250 which can respectively be separated from one another by a free
space 240, designed in the form of a prong, and respectively have a capillary opening
218 for receiving a sample liquid. There are light-emitting diodes 216 on the upper side
of the slot-in module 202, each of which is assigned to a test section 250 of the flatly
designed test field support 214. The flat test field support 214 can be slid into the slot-in
module 202 in slot-in slots 220, which are formed on the side surfaces of the recess 212.
After the slot-in module 202 is extracted from the slot-in box 204, the individual
capillary openings 218 are freely accessible. The user of the slot-in arrangement 200 can
therefore select which of the test sections 250 of the test field support 214 they wish to
use, and is not restricted to successive presentation of the individual test sections 250.

The representation according to Figure 11 shows the slot-in module on an enlarged
scale.
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The slot-in module 202 has a control field 226 and a plurality of buttons 228, which the
user actuates, on its upper side in the vicinity of the light-emitting diodes 216. It can
furthermore be seen from the representation according to Figure 11 that the flatly
designed test field support 214 is slid laterally into the slot-in module 202 in the recess
212 bounded by a bounding wall 224, its outer edge 234 being freely accessible.
Connection of the test field support 214 in the slot-in module 202 is carried out by fully
sliding it in with its opposite side from the outer edge 234 into slot-in slots 220. The
representation according to Figure 11 shows the protruding edges of a guide surface 222
below the outer edge 234 of the test field support 214. This facilitates the lateral sliding
of the test field support 214 into slot-in slots 220 extending perpendicularly to the
bounding wall 224. Each of the test sections 250 of the test field support 214 has a
capillary opening 218, and the test sections 250 of the test field support 214 may be
separated from one another by for example triangularly designed free spaces 240. When
the flatly designed test field support 214 is slid laterally into the recess 212 and
electrically connected to the slot-in module 202 in the slot-in module 202 at the end of
the slot-in slots 220, the user can expose and use the capillary openings 218 arranged on
the outer edge 234. The capillary openings 218 can be freely exposed before sliding into
the slot-in module 202 by removing a sheet which seals and closes the capillary
openings 218 before insertion. Sealing elements may furthermore be provided on the
slot-in module 202, with which it is possible to seal the capillary openings 218.

The user is free in their choice of which of the test sections 250 of the test field support
214 is selected. Depending on the test field support 214 selected, which is produced
application-specifically in respect of its reagents, and depending on the analyte with
respect to which the sample liquid is to be studied, a wide variety of values such as
cholesterol values, lactate values as well as blood sugar values and the like, can be
shown in the display 230 by means of the control field 226 and the keypad 280 arranged
there, so that these can be read off directly by the user.

Figure 12 in turn shows a representation of the slot-in module 202 without a test field
support 214 slid into the recess 212.

Between the slot-in slots 220, there is a guide surface 222, which extends inside the
recess 212. Below the bounding wall 224, the test field support 214 (not shown in
Figure 12) or the test sections 250 formed on it can be electrically connected in the slot-
in module 202. The electrical contact region lies below the bounding wall 224 in the
slot-in module 202 and is indicated by the reference numeral 236. A display 230 is
arranged on the upper side of the slot-in module 202. Various values can be shown on
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the display 230 after actuating the keypad 228 arranged next to it, for example values

for the cholesterol content, lactate values and values for the blood sugar content and the

like.

The displays 24, 150 and 230 of the alternative embodiments described above may
furthermore show which of the individual test fields 38 of the respective test field
support 26, 100 and 214 has been used and/or which of the individual test fields 68, 104
and 250 is still available for use.

Figure 13 shows an exploded representation of a test section of a test field support
designed in the form of a card.

The exploded representation according to Figure 13 shows that a test section 250 has a
multilayer structure. A reagent coating 254 is applied on a support sheet 252, although it
extends only inside the head region of the test section 250. Above the reagent coating
254, there is a first adhesive layer 256 on which a spacer sheet 258 is in turn applied. A
second adhesive layer 260 is applied above the spacer sheet 258, and a hydrophilic layer
262 is likewise applied on it in the head region of the test section 250. A cover layer 264
is applied on top.

A capillary channel 266, the opening of which is denoted by the reference numeral 270,
is formed in the first adhesive layer 256 and the spacer sheet 258 lying above it. For
example, a bodily fluid such as whole blood or thinned blood can enter the capillary
channel 266 at the capillary opening 270 and travel into an electrochemical measuring
cell 268 owing to the capillary forces acting there. The electrochemical measuring cell
268, which is formed both in the first adhesive layer 256 and in the spacer sheet 258, is
bounded on its upper side by the hydrophilic layer 262 and on its lower side by the
reagent coating 254. For economic reasons and in order to save material, the hydrophilic
layer 262 and the reagent coating 254 lie only in the head region of the test section 250,
which is part of a card-shaped test field support 214 according to the preceding figures.

The figure sequence of Figures 14.1, 14.2 and 14.3 shows the structure of a test field
support designed in the form of a card.

Figure 14.1 shows that the card-shaped test field support 214 comprises a plurality of
test field sections 250 lying next to one another. In the representation according to
Figure 14.1, the test field support 214 designed in the form of a card comprises five test
sections 250 lying next to one another. Each of the test sections 250 has the capillary
openings 270 on the application side 272. In the representation according to Figure 14.1,
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these are closed by a separable section of the test field support 214 designed in the

form of a card. On the contact side 274, there are the electrode terminals for contact

with the test field support 214 designed in the form of a card when it is slid into the slot-

in slot 220, for example represented in Figure 12, of the slot-in module 202.

Figure 14.1 furthermore shows a test section 250 separated from the test field support
214 designed in the form of a card. In the upper region of the test section 250, the
capillary opening 270 is represented as being open, and the capillary channel 266
extends from it to the electrochemical measuring cell 268. The reference numeral 272
denotes the user side, on which the capillary opening 270 is also located; the reference
numeral 274 denotes the contact side of the test section 250.

Figure 14.2 likewise shows a test field support designed in the form of a card, although
its contact and application sides are protected.

There is a material projection 276 on the application side 272 on the card-shaped test
field support 214 according to the representation in Figure 14.2. The same applies to the
contact side 274, on which a material projection 278 is likewise formed. The material
projection 276 protects the capillary openings 270 on the application side 272, so that
no contaminants can enter the capillary channel 266 before use by the user. The material
projection 278 is used in order to stabilize the contact side 274 of the test field support
214 designed in the form of a card. The material projections 276 and 278 represented in
Figure 14.2 may, for example, be separated simply by bending them before the test field
support 214 is inserted into the slot-in module 202. This is necessary, on the one hand,
in order to electrically connect the test field support 214 designed in the form of a card
to the slot-in module 202 and, on the other hand, in order to permit use of the individual
test sections 250 configured lying next to one another.

On the contact side 274 of the test field support 214 designed in the form of a card
according to Figure 14.2, there are the - still protected by the material projection 278 —
individual electrodes FSE, CE and WE (cf. representation according to Figure 2), by
which the individual test sections 250 are electrically connected to the slot-in module
214 and can be evaluated according to the analogue semiconductor switching matrix 54
represented in Figure 3. Here, reference is made to the description of the electrodes
FSE, CE and WE in connection with Figure 2.

Figure 14.3 shows a test field support designed in the form of a card, the application
side of which and the contact side of which are exposed.
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The representation according to Figure 14.3 shows that the material projection
276 provided on the application side 272 in Figure 14.2 is removed, as indicated by the
region identified by the reference numeral 280. The same applies to the removal of the
material projection 278 on the contact side 274 of the test field support 214 designed in
the form of a card. This has a multilayer structure 284, reference being made to the
exploded representation according to Figure 13. After separation of the material
projection 276 on the application side 276, the capillary openings at which the capillary
channel 266 connects with the electrochemical measuring cell 268 are open and can be
activated by wetting with a bodily fluid, for example whole blood or thinned blood.

Figure 14.3 furthermore shows an individual test section 250, in which the capillary
opening 270 as well as the electrodes FSE, CE and WE are likewise exposed by
separating the material projections 276 and 274 (cf. representation according to Fig.
14.2).
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List of Reference Numerals

10 measuring device

12 lower shell

14 upper shell

16 articulated connection
18 folding case

20 opening boundary

22 1% display

24 2™ display

26 flat test field support
28 test field support surface
30 test field array

32 base sheet

34 support sheet

36 conductor tracks

38 electrodes

CE counter electrode
WE wettable electrode
FSE 1* filling level electrode

FSE 2™ filling level electrode

40 reagent layer
42 spacer sheet
44 hole

46 measuring chamber/measuring capillary space

48 cover sheet
50 hydrophilic layer
52 vent

21

54 analogue semiconductor switching matrix

56 CE terminal

58 WE terminal

60 terminal of 1% FSE

62 terminal of 2" FSE
64 1% switch

66 2" switch

68 individual test field
70 electrical contact strip
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72 shell-side electrical contact strip
74 closed individual test field

76 ring-pull closure

78 cover

80 reception well

82 sealing edge

100 capillary sensor support
102 1* long side

104 capillary sensor

106 2™ long side

108 capillary with opening

110 1% contact region of capillary sensor support
112 2™ contact region of capillary sensor support

140 measuring and analysis device
142 lower part

144 upper part

146 hinge

148 resilient contacts arranged in a row

150 display

152 control buttons
154 cover sleeve
156 retracted state
158 slid-on state

200 slot-in arrangement
202 slot-in module

204 slot-in box

206 gripping piece

208 latching/unlatching
210 gripping side

212 recess

214 test field support
216 light-emitting diodes
218 capillary opening
220 slot-in slot

222 guide surface

224 bounding wall

226 control field

22
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248 keypad
230 display
234 edge of test field support
236 contact region of test field support 214
238 latching element
240 free space
242 slot-in position of test field support 214

250 test section

252 support sheet

254 reagent coating

256 1* adhesive layer

258 spacer sheet

260 2" adhesive layer

262 hydrophilic layer

264 cover layer

266 capillary channel

268 measuring chamber

270 capillary opening

272 application side

274 contact side

276 material projection on application side
278 material projection on contact side

280 extent of detached material projection 276
282 extent of detached material projection 278
284 layer structure of test section
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Patent Claims

1. Measuring device for analysing a sample liquid with respect to at least one
analyte contained in it, having at least one test field support (26, 100, 214) which is
housed in it and has a number of individual test fields (68, 104, 250), which are in
communication with electrochemical measuring cells (46, 268) in the at least one test
field support (26, 100, 214), and having reagents assigned to the electrochemical
measuring cells (46, 268), the reaction of which with the sample liquid leads to a
measurable change of at least one quantity characteristic of the determination of the at
least one analyte, the measuring device (10, 140, 200) comprising evaluation electronics
(54), characterized in that a plurality of individual test fields (68, 104, 250) on the test
field support (26, 100, 214) are accessible to the user after the measuring device (10,
140, 200) has been opened.

2. Measuring device according to Claim 1, characterized in that the at least one
test field support (26, 100, 214) is housed in the measuring device (10, 140, 200) in such
way that it can be replaced.

3. Measuring device according to Claim 1, characterized in that the position of
the individual test fields (68, 104, 250) on the at least one test field support (26, 100,
214) relative to the measuring system is fixed.

4, Measuring device according to Claim 1, characterized in that electrodes (38,;
FSE, CE, WE) of the individual test fields (68, 104, 250) of the at least one test field
support (26, 100, 214) are electrically connected simultaneously after the at least one
test field support (26, 100, 214) has been inserted in a housing component (12, 142,
202) of the measuring device (10, 140, 200).

5. Measuring device according to Claim 1, characterized in that the individual
test fields (68) are arranged matricially on a test field support surface (28) of the at least
one test field support (26).

6. Measuring device according to Claim 5, characterized in that the individual
test fields (68) of the at least one test field support (26) are respectively assigned a
closure (78), with which a reception well (80) of a respective individual test field (68) is
sealed.
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7. Measuring device according to Claim 5, characterized in that the

reception well (80) is in communication with an electrochemical measuring cell (46) in

the at least one test field support (26) constructed from a plurality of function layers (32,

34, 40, 42, 43).

8. Measuring device according to Claim 4, characterized in that the at least one
test field support (26) has an electrical contact (70) which connects with the electrical
contact (64) of a lower shell (12) when it is inserted therein.

9. Measuring device according to Claim 1, characterized in that it is designed
in the form of a case, and has a lower shell (12) and an upper shell (14), on the inside of
which displays (22, 24) can be read after the upper shell (14) has been opened.

10. Measuring device according to Claim 5, characterized in that the at least one
test field support (26) is designed in the form of a card.

11. Measuring device according to Claim 1, characterized in that the at least one
test field support (100) is designed as a capillary sensor support, which contains a
number of neighbouring capillary sensors (104).

12. Measuring device according to Claim 11, characterized in that the at least
one test field support (100) is a section of a band material constructed from a plurality
of function layers.

13. Measuring device according to Claim 11, characterized in that it is designed
in the form of a bar and comprises a lower part (142) and an upper part (144)
articulatedly connected thereto, it being possible to insert at least one test field support
(100) which can be electrically connected by resilient contacts (148) arranged on the
lower part (142) or on the upper part (144).

14. Measuring device according to Claim 13, characterized in that openings of
capillaries (108) of the capillary sensors (104) are accessible in the electrically
connected state of the at least one test field support (100) with the upper part (144)
closed.

15. Measuring device according to Claim 1, characterized in that it is designed
as a slot-in arrangement (200) and comprises a slot-in box (204) with a latch (208), as
well as a slot-in module (202) which can be removed from the slot-in box (204).
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16. Measuring device according to Claim 15, characterized in that the slot-in

module (202) has a recess (212) with slot-in slots (220) laterally bordering the recess

(212) in order to accommodate the at least one card-shaped test field support (214).

17. Measuring device according to Claim 16, characterized in that the slot-in
module (202) has light-emitting diodes (216) in the region of the recess (212), of which
one light-emitting diode (216) is respectively assigned to one test field section (250) of
the card-shaped test field support (214).

18. Measuring device according to Claim 17, characterized in that the at least
one card-shaped test field support (214) comprises a plurality of test field sections
(250).

19. Measuring device according to Claim 16, characterized in that the card-
shaped test field support (214) can be electrically connected on a contact side (274)
when it has been slid into the slot-in module (202).

20. Measuring device according to Claim 16, characterized in that electrode
terminals for connection of the electrodes (38; FSE, CE, WE) are provided on the
contact side (274) of the card-shaped test field support (214).

21. Measuring device according to Claim 1, characterized in that it has an
analogue semiconductor switching matrix (54) and a microprocessor (uP), via which the
individual test field (68, 104, 250) respectively selected by the user can be connected to

evaluation electronics.

22. Measuring device according to Claim 21, characterized in that the
individual test fields (68, 104, 250) of the card-shaped test field support (26, 214) can be
electrically connected simultaneously.
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