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Sensor for detecting an analyte in a body fluid and method of manufacturing thereof

Technical Field

The invention generally relates to a sensor for detecting an analyte in a body fluid and a

method for manufacturing thereof. The devices and methods according to the present in

vention may mainly be used for continuous monitoring or long-term monitoring of an ana

lyte concentration in a body fluid, such as for continuous or long-term monitoring of a glu

cose level or of the concentration of one or more other types of analytes in a body fluid.

The invention may both be applied in the field of home care and in the field of professional

care, such as in hospitals. Other applications are feasible.

Background art

Monitoring certain body functions, more particularly monitoring one or more concentra

tions of at least one metabolite concentration in a body fluid plays an important role in the

prevention and treatment of various diseases. Such metabolites can include by way of ex

ample, but not exclusively, blood glucose, lactate, cholesterol or other types of analytes

and metabolites. Without restricting further possible applications, the invention will be

described in the following text with reference to blood-glucose monitoring. However, addi

tionally or alternatively, the invention can also be applied to other types of analytes, such

as the analytes mentioned above.

In the field of continuous or long-term monitoring, the setup and the manufacturing of the

sensors is a technical challenge. Typically, electrochemical sensors are used which

transcutaneously are inserted into the body tissue of the user. The sensors typically com-

prise an elongated flexible substrate onto which a plurality of electrodes, including one or

more working electrodes and one or more further electrodes such as one or more counter

electrodes and/or one or more reference electrodes are applied.

US 7,003,336 B2 discloses a sensor and method of making the same for implantation in a

body. The sensor includes a substrate with notches cut in the substrate to form a necked

down region in the substrate. The sensor further comprises at least one electrode formed



from one or more conductive layers. Preferably, the thickness of the substrate ranges from

approximately 25 µιη to 350 µιη, and the thickness of the substrate can range from 5 µιη to

750 µιη. The sensor may be incorporated into a sensor assembly which includes a needle

having a slot. The notches creating the necked down region allow the substrate to slide into

the slotted needle, which has the slot narrow enough to permit passage of the necked down

region. A non-necked down region of the substrate is prevented from pulling out of the

slotted needle through the slot. The slot of the slotted needle may also permit the necked

down region of the substrate to slide down the slot.

WO 2007/071562 A l discloses an implantable sensor that can be used for determining a

concentration of at least one analyte in a medium, especially a body tissue and/or a body

fluid. Said implantable sensor has a layered structure encompassing at least one insulating

supporting substrate and at least two electrodes which are disposed in at least two different

layer levels of the implantable sensor and are electrically separated from each other by

means of the at least one insulating supporting substrate. The electrodes are provided with

electrode surfaces which face the medium when the sensor is implanted and are in contact

with the medium across large areas and in a substantially uniform manner either directly or

via an analyte-permeable membrane layer.

WO 2005/078424 A l discloses an analyte sensor for use in connection with a bio fluid. The

analyte sensor may comprise any suitable interface between the biofluid and a derivative of

the biofluid and any suitable transducer of information concerning an analyte. At least one

catalytic agent is provided in a locale or vicinity of the interface. The catalytic agent, such

as a proteinaceous agent or a non-proteinaceous, organic-metal agent, is sufficient to cata-

lyze the degradation of reactive oxygen and/or nitrogen species that may be present in the

vicinity of the interface. An analyte-sensing kit and a method of sensing an analyte are also

described.

Despite the advantages of these known sensors for transcutaneous insertion, a large num-

ber of technical challenges remain. Several of these challenges are related to the use of a

carrier substrate which has to be functionalized by using several process steps. Conductive

leads have to be applied to the insulating substrate with high precision and low tolerances,

requiring costly manufacturing techniques and materials. Further, the process of manufac

turing generally requires a high number of process steps, including manufacturing of the

substrate, wet-chemical processing of coatings, drying and verification or inspection steps.

As mentioned, most of these process steps require a very high precision, due to the fact that

the chain of tolerances is very tight. Further, influences of heat and other manufacturing



conditions have to be considered, such as drying conditions, which may lead to distortions

of the substrate. High costs for materials and inspection have to be taken into account,

mainly due to the fact that cutting-edge manufacturing processes are involved. The use of

auxiliary materials, which per se are not required for the actual measurement may addi-

tionally raise the costs of manufacturing. Further, the use of certain materials in the sub

strate setup may have an impact on the measurement, such as electrochemically active

metals like Cu. Consequently, in order to guarantee the biocompatibility of the analyte

sensor, the substrate or the sensor typically have to be sealed against bodily fluids.

Technical problem

It is therefore desirable to provide a sensor for detecting an analyte in a body fluid and a

method for manufacturing the sensor which address the above-mentioned technical chal

lenges. It is therefore desirable to provide a sensor which can be manufactured at low cost,

using a process having a low number of process steps.

Summary

This problem is addressed by a sensor for detecting an analyte in a body fluid and a me-

thod for manufacturing such sensor, with the features of the independent claims. Advanta

geous embodiments which might be realized in an isolated fashion or in any arbitrary com

binations are listed in the dependent claims.

As used in the following, the terms "have", "comprise" or "include" or any arbitrary

grammatical variations thereof are used in a non-exclusive way. Thus, these terms may

both refer to a situation in which, besides the feature introduced by these terms, no further

features are present in the entity described in this context and to a situation in which one or

more further features are present. As an example, the expressions "A has B", "A comprises

B" and "A includes B" may both refer to a situation in which, besides B, no other element

is present in A (i.e. a situation in which A solely and exclusively consists of B) and to a

situation in which, besides B, one or more further elements are present in entity A, such as

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

Further, 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

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 method for manufacturing a sensor for detecting

an analyte in a body fluid is disclosed. The sensor specifically may be or may comprise an

analyte sensor configured for at least partial implantation, specifically transcutaneous in

sertion, into a body tissue of a user, more specifically an analyte sensor for continuous

monitoring of the analyte. The method comprises the following steps which specifically

may be performed in the given order or in a different order, such as in a reverse order.

Thus, a different order may also be possible. Further, two or more process steps may be

performed simultaneously or partially simultaneously. Further, one or more than one or

even all of the method steps may be performed once or more than once or even repeatedly

or continuously. The method may further comprise additional method steps which are not

listed. The method comprises the following steps:

a) providing a membrane layer;

b) depositing at least one first electrically conductive material directly or indirectly

onto the membrane layer;

c) depositing at least one electrically insulating material directly or indirectly onto the

at least one membrane layer and the at least one first electrically conductive materi

al; and

d) depositing at least one second electrically conductive material directly or indirectly

onto the electrically insulating material.



The process steps, as outlined above, may be performed in the given order or, as an exam

ple, in a reverse order. In the given order, the membrane layer may function as a carrier,

onto which, in steps b)-d), a deposition takes place. In a reverse order, an additional carrier

may be provided, the at least one second electrically conductive material may directly or

indirectly be deposited thereon, followed by the depositing of the electrically insulating

material, followed by the depositing of the at least one first conductive material and, sub

sequently, by adding the membrane layer on top. Thereafter, the carrier may be removed

from the setup, e.g. by peeling off the carrier, thereby obtaining the same or a similar setup

as in the given order as listed above.

The step of providing the membrane layer may comprise providing a membrane layer or a

part thereof which are already ready established and/or readily manufactured such as a

commercially manufactured membrane layer or a membrane layer manufactured in a sepa

rate step or process. Additionally or alternatively, the step of providing the membrane layer

may also comprise fully or partially manufacturing the at least one membrane layer or a

part thereof, such as by manufacturing from a liquid phase, printing or the like.

As will be outlined in further detail below, the method may further comprise applying at

least one test chemical, wherein the test chemical is applied such that the test chemical is in

physical contact with the at least one first electrically conductive material. The application

of the at least one test chemical, which, as an example, may comprise at least one chemical

reagent, may take place e.g. in step b) and/or in a separate method step. The at least one

test chemical may be in contact with a part of the first electrically conductive material,

which may be or may define a working electrode.

The term "test chemical" as used herein is a broad term and is to be given its ordinary and

customary meaning to a person of ordinary skill in the art and is not to be limited to a sp e

cial or customized meaning. The term specifically may refer, without limitation, to at least

one material or mixture of materials, such as to at least one chemical compound or at least

one mixture of chemical compounds, which are suited to perform at least one detection

reaction for qualitatively and/or quantitatively detecting the at least one analyte. Specifical

ly, the at least one test chemical may comprise at least one chemical reagent, such as at

least one enzyme, which is suited for performing at least one detectable reaction in the

presence of the at least one analyte. As an example, the reaction may be an enzymatic re-

dox reaction. Other reactions are possible. The at least one test chemical may comprise one

or more additional materials, such as one or more electrically conductive materials and/or

materials which are suited for improving a charge carrier transfer such as an electron trans-



fer. As an example for possible test chemicals, reference may be made e.g. to J . Hones et

al: The Technology Behind Glucose Meters: Test Strips, Diabetes Technology & Thera

peutics, Vol. 10, Supplement 1, 2008 and the test chemicals and chemical reagents listed

therein. It shall be noted, however, that other test chemicals are feasible.

The term "sensor" as used herein is a broad term and is to be given its ordinary and cu s

tomary meaning to a person of ordinary skill in the art and is not to be limited to a special

or customized meaning. The term specifically may refer, without limitation, to an arbitrary

element or device configured for detecting at least one condition or for measuring at least

one measurement variable. The sensor specifically may be or may comprise an analyte

sensor for at least partial implantation into a body tissue of a user, more specifically an

analyte sensor for continuous monitoring of the analyte. The sensor specifically may be a

monolithic sensor element.

Further, the term "analyte" as used herein is a broad term and is to be given its ordinary

and customary meaning to a person of ordinary skill in the art and is not to be limited to a

special or customized meaning. The term specifically may refer, without limitation, to an

arbitrary element, component or compound which may be present in a body fluid and the

concentration of which may be of interest for e.g. a user or a healthcare professional. Spe-

cifically, the analyte may be or may comprise an arbitrary chemical substance or chemical

compound which may take part in the metabolism of the user, such as at least one metabo

lite. As an example, the at least one analyte may be selected from the group consisting of

glucose, cholesterol, triglycerides, lactate. Additionally or alternatively, however, other

types of analytes may be used and/or any combination of analytes may be determined.

The term "user" as used herein is a broad term and is to be given its ordinary and custom

ary meaning to a person of ordinary skill in the art and is not to be limited to a special or

customized meaning. The term specifically may refer, without limitation, to a human being

or an animal, independent from the fact that the human being or animal, respectively, may

be in a healthy condition or may suffer from one or more diseases. As an example, the user

may be a human being or an animal suffering from diabetes. However, additionally or a l

ternatively, the invention may be applied to other types of users.

Generally, an arbitrary type of body fluid may be used. Preferably, the body fluid is a body

fluid which is present in a body tissue of the user, such as in the interstitial tissue. Thus, as

an example, the body fluid may be selected from the group consisting of blood and intersti

tial fluid. However, additionally or alternatively, one or more other types of body fluids



may be used. The body fluid generally may be contained in a body tissue. Thus, generally,

the detection of the at least one analyte in the body fluid may preferably be determined in

vivo.

The sensor may fully or partially be implanted into the body tissue, specifically transcuta-

neously. The sensor specifically may have a length of no more than 50 mm, e.g. a length of

2 mm to 30 mm. The sensor further may have a width of no more than 5 mm, e.g. a width

of 0.1 mm to 2 mm. The sensor specifically may be a flexible sensor being deformable

under typical forces occurring in an implanted state. The sensor may have a thickness of no

more than 2 mm, preferably a thickness of 0.2 to 1.0 mm. The sensor specifically may be

strip-shaped, having the shape of a thin elongated strip. The sensor specifically may be

biocompatible, e.g. by having a biocompatible coating.

The term "membrane layer", as used herein, is a broad term and is to be given its ordinary

and customary meaning to a person of ordinary skill in the art and is not to be limited to a

special or customized meaning. The term specifically may refer, without limitation, to a

layer of at least one material, which provides a selective barrier. Thus, the membrane layer

generally may selectively allow for one or more molecules and/or compounds to pass,

whereas other molecules and/or compounds are stopped by the membrane layer. In the

methods and devices as proposed, specifically using a reversed setup as compared to con

ventional methods and devices using a setup on a substrate, the membrane layer specifical

ly may also function as a substrate. Consequently, the membrane layer of the present in

vention specifically may provide mechanical stability. Thus, the membrane layer, as an

example, may be strip-shaped, e.g. having the shape of an elongated strip having the length

and width of the sensor as discussed above. The membrane layer, as an example, may have

a thickness sufficient for providing mechanical stability. Examples of potential materials

for the membrane layer and for potential thicknesses of the membrane layer will be given

below.

The providing of the membrane layer may take place by using several techniques and

methods. Thus, as an example, the providing may simply take place by introducing a

ready-to-use membrane layer into the process. As an example, the membrane layer may be

provided as an endless sheet or strip, e.g. in a reel-to-reel process, and the providing of the

membrane layer for the sensor may involve a cutting process, by cutting. A plurality of

sensors may be manufactured on the endless sheet or strip. Additionally or alternatively,

the providing of the membrane layer may also take place by fully or partially manufactur

ing the membrane layer, e.g. by coating, casting, printing or in situ polymerization. Thus,



as an example, the membrane layer may be manufactured by casting an appropriate liquid

into a mold, e.g. a mold having the shape of the sensor or a plurality of sensors, e.g. fo l

lowed by a sintering process or a polymerization process. Again, additionally or alterna

tively, the membrane layer for one or more sensors may be printed or coated onto a trans-

fer substrate. Combinations of such techniques are feasible.

The term "electrically conductive material", as used herein, is a broad term and is to be

given its ordinary and customary meaning to a person of ordinary skill in the art and is not

to be limited to a special or customized meaning. The term specifically may refer, without

limitation, to a material which is capable of sustaining an electrical current. Specifically,

the electrically conductive material may be or may comprise at least one metal, such as one

or more of gold, copper, silver, palladium or platinum. Additionally or alternatively, the at

least one electrically conductive material may be or may comprise at least one electrically

conductive compound, such as at least one electrically conductive organic or inorganic

compound. As an example, compounds such as Ag/AgCl may be mentioned. Additionally

or alternatively, the at least one electrically conductive material may be or may comprise at

least one nonmetallic electrically conductive material, e.g. carbon paste.

As will be outlined in further detail below, the at least one first electrically conductive ma-

terial may be deposited directly or indirectly onto the membrane layer. Thus, there may be

a direct physical contact between the electrically conductive material and the membrane

layer, or at least one additional material may be deposited on the membrane layer before

depositing the first electrically conductive material. Thus, as an example, in the region of a

working electrode, a test chemical, such as a test chemical containing at least one chemical

reagent, may be deposited onto the membrane layer before depositing the first electrically

conductive material onto the test chemical and, thus, indirectly onto the membrane layer.

In other regions, the first electrically conductive material may be in direct contact with the

membrane layer, e.g. in one or more regions in which electrode pads are formed which

directly and without additional material form an electrode in contact with the membrane

layer. Generally, the at least one first electrically conductive material may be in contact

with at least one test chemical, such as with at least one test chemical containing at least

one chemical reagent.

The at least one first electrically conductive material specifically may comprise one or

more electrically conductive layers deposited in a patterned fashion. Thus, as an example,

the depositing of the at least one first electrically conductive material may imply a pat

terned deposition of the one or more electrically conductive layers, e.g. by using printing



techniques such as screen printing and/or stencil printing. Again, additionally or alterna

tively, a large area deposition may take place, followed by a subsequent patterning step,

e.g. by laser patterning or etching. By depositing the at least one first electrically conduc

tive material in a patterned fashion, one or more electrode pads may be deposited directly

or indirectly onto the membrane layer, e.g. one or more round, oval or polygonal electrode

pads, e.g. for one or more of at least one working electrode or at least one further electrode,

e.g. at least one of a counter electrode or a reference electrode. Additionally, by depositing

the at least one first electrically conductive material directly or indirectly onto the mem

brane layer, one or more electrically conductive leads for electrically contacting at least

one electrode may be deposited, e.g. one or more electrically conductive leads connecting

the one or more above-mentioned electrode pads with one or more contact pads. Thus, as

an example, the sensor may have a contact portion at one end, and the electrically conduc

tive leads may extend from one or more contact pads in the contact portion, along an axis

of longitudinal extension of the sensor, to one or more electrode pads close to an opposing

end of the sensor.

The terms "first" and "second" as well as further numerals used for identifying elements

generally are meant to provide nomenclature, only. Thus, specifically, a "first" element

may be present without a "second" or "third" element being present and vice versa, unless

explicitly mentioned. Further, in case several elements are identified by identifying numer

als, these identifying numerals not necessarily indicate that the elements are different.

Thus, as an example, the at least one first electrically conductive material and the at least

one second electrically conductive material may be chosen such that the second electrically

conductive material is fully or partially different from the first electrically conductive ma-

terial or alternatively, such that the second electrically conductive material is fully or p ar

tially chosen identical to the first electrically conductive material. Thus, as an example, one

and the same metallic material may be chosen both in the first electrically conductive m a

terial and in the second electrically conductive material. Consequently, as an example,

even though the first and second electrically conductive materials may form different struc-

tural elements such as different electrodes, the same materials may be used in these differ

ent structural elements.

The term "electrically insulating material", as used herein, is a broad term and is to be giv

en its ordinary and customary meaning to a person of ordinary skill in the art and is not to

be limited to a special or customized meaning. The term specifically may refer, without

limitation, to a material or combination of materials which prevent the transfer of electrical

charges and which do not sustain a significant electrical current. Specifically, without lim-
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tting other possibilities, the at least one electrically insulating material may be or may

comprise at least one insulating resin, such as insulating epoxy resins used in manufactur

ing electronic printed circuit boards.

The depositing of the at least one electrically insulating material directly or indirectly onto

the at least one membrane layer, again, may take place in a non-patterned and/or in a pat

terned fashion. Specifically, the at least one electrically insulating material may be deposit

ed by using at least one liquid phase processing step, depositing the at least one electrically

insulating material as a liquid, e.g. followed by a setting process and/or an in situ polymer-

ization or curing process. Thus, as an example, coating or printing techniques may be used,

specifically for depositing one or more resins. Again, printing techniques such as screen

printing or stencil printing are possible. Further, dosing techniques such as using one or

more dosing needles, are feasible. Other deposition techniques may be used in addition or

alternatively. The at least one electrically insulating layer, as an example, may have a

thickness of < 800 µιη, preferred < 500 µιη, further preferred < 300 µιη or < 200 µιη, such

as a thickness of 1 µιη to 250 µιη, specifically 5 to 50 µιη. As an example, the electrically

insulating layer may have at least a thickness which is suitable to sustain the mechanical

stress when implanted into the body tissue and, still, remains electrically insulating. The

thickness, however, should be kept as low as possible, since obtaining homogeneous layers

generally is more challenging for thick layers.

The at least one electrically insulating material specifically may be deposited in such a way

that the at least one membrane layer and the at least one first electrically conductive mate

rial are fully covered with the at least one electrically insulating material. Thus, an electri-

cal insulation barrier may be provided by the at least one electrically insulating material

between the subsequent at least one second electrically conductive material on the one

hand and the at least one first electrically conductive material and the membrane layer on

the other hand. Thus, firstly, an electrical contact between the first electrically conductive

material and the second electrically conductive material may be prevented by the electri-

cally insulating material. Further, a contact between one or more analytes entering the sen

sor through the membrane layer and the second electrically conductive material may be

prevented. Thus, the electrically insulating material which is deposited directly or indirect

ly onto the at least one membrane layer and the at least one first conductive material may

take over the function of the insulating substrate in conventional sensors.

With respect to the second electrically conductive material, again, reference may be made

to the definitions and possible material mentioned above in the context of the first electri-



cally conductive material. Similar to the first electrically conductive material, the deposit

ing of the at least one second electrically conductive material directly or indirectly onto the

electrically insulating material specifically may take place in a patterned fashion. Thus,

reference may be made to the techniques mentioned above in the context of the first elec-

trically conductive material which also may be applied for depositing the second electrical

ly conductive material. The depositing of the at least one second electrically conductive

material specifically may take place in such a way that the at least one second electrically

conductive material is in contact with the electrically insulating material, only, whereas a

contact between the first electrically conductive material and the second electrically con-

ductive material and/or a contact between the second electrically conductive material and

the membrane layer is avoided. The second electrically conductive material specifically

may be patterned in such a way that one or more electrode pads are generated, e.g., again,

one or more of round, oval or polygonal electrode pads. Thus, as an example, the second

electrically conductive material specifically may be patterned in such a way that one or

more of at least one counter electrode or at least one reference electrode are generated.

Further, again, additionally, by depositing the at least one second electrically conductive

material in a patterned fashion, one or more electrically conductive leads for electrically

contacting at least one electrode pad may be deposited, e.g. one or more electrically con

ductive leads connecting the one or more above-mentioned electrode pads with one or

more contact pads. Thus, as an example, and as mentioned above, the sensor may have a

contact portion at one end, and the electrically conductive leads may extend from one or

more contact pads in the contact portion, along an axis of longitudinal extension of the

sensor, to one or more electrode pads close to an opposing end of the sensor.

The method for manufacturing the sensor for detecting the at least one analyte, which sp e

cifically may be a sensor for continuous monitoring or long-term monitoring of the at least

one analyte, may be embodied or further developed in various ways. Some of these options

are outlined in the following and may be realized in an isolated fashion or in combination.

Thus, as outlined above, the membrane layer is permeable for the at least one analyte to be

detected. Thus, as an example, the membrane layer may be permeable for one or more of

blood glucose, lactate, cholesterol or other types of analytes.

The step of depositing the at least one first electrically conductive material, i.e. step b) in

the above-mentioned sequence of steps, specifically may comprise forming at least one

electrode pad of a working electrode. As outlined above, the electrode pad, as an example,



may have a round, oval or polygonal shape and may, as an example, be fully or partially

made of at least one metal layer. Other possibilities are given.

For the working electrode, specifically, the use of one or more test chemicals may be en-

visaged. Thus, the method may further comprise depositing at least one test chemical onto

the membrane layer before or simultaneously to step b), wherein the test chemical is con

figured for performing at least one detection reaction in the presence of the analyte to be

detected. Test chemicals which may be used herein are generally known to the skilled per

son. Thus, as an example, the at least one test chemical may be or may comprise at least

one enzyme configured for performing a reaction in the presence of the at least one an a

lyte. Further components may be present, such as one or more electrochemical mediators

or the like. For potential embodiments, reference may also be made to the above-

mentioned related art documents, such as to J . Hones et al: The Technology Behind G lu

cose Meters: Test Strips, Diabetes Technology & Therapeutics, Vol. 10, Supplement 1,

2008. The test chemical specifically may be deposited in a patterned fashion. Thus, as an

example, one or more test chemical pads may be deposited directly or indirectly onto the

membrane, followed by depositing the at least one electrode pad for the working electrode

onto the one or more test chemical pads. The one or more working electrode pads specifi

cally may be dimensioned and positioned such that they are in contact with the test chemi-

cal, only, whereas a direct contact with the membrane layer may be avoided. It shall be

noted, however, that other options are feasible.

In addition to the at least one working electrode pad or as an alternative, step b) may also

comprise forming at least one electrode pad for at least one further electrode. As outlined

above, the at least one further electrode specifically may be selected from the group con

sisting of a counter electrode and a reference electrode. Thus, as an example, at least one

working electrode pad and, additionally, at least one of at least one counter electrode pad

or at least one reference electrode pad may be deposited directly or indirectly onto the

membrane. The at least one further electrode pad specifically may at least partially be

formed of at least one redox material, specifically of Ag/AgCl.

As mentioned above, step b) may also comprise forming one or more electrically conduc

tive leads for contacting the at least one working electrode and/or the at least one further

electrode. Thus, step b) may also comprise forming at least one electrically conductive lead

for electrically contacting at least one electrode, specifically at least one electrode selected

from the group consisting of a working electrode and at least one further electrode, more

specifically at least one of a counter electrode and a reference electrode.



In case one or more electrically conductive leads are provided in step b), these electrically

conductive leads, as an example, may be separated from the membrane layer, e.g. in order

to avoid a direct contact between one or more analytes entering the sensor through the

membrane and the first electrically conductive material of the electrically conductive leads.

In order to provide this separation, specifically, before forming the at least one conductive

lead for electrically contacting the at least one electrode, the method may comprise depos

iting at least one electrically insulating layer onto the at least one membrane layer, wherein

the at least one conductive lead is formed such that the electrically insulating layer is dis-

posed in between the conductive lead and the membrane. Thereby, a full or partial separa

tion between the electrically conductive lead and the membrane may be provided. For the

at least one electrically insulating layer, having electrically insulating properties as defined

above, as an example, the same materials as for the electrically insulating material in step

c) may be used. The use of other types of materials, however, is possible too. The deposi-

tion of the at least one electrically insulating layer may, again, take place in a patterned

fashion, such that the electrode pads for the working electrode and the at least one further

electrode such as the counter electrode and/or the reference electrode still may be deposit

ed onto the membrane, e.g. by depositing these electrode pads onto regions of the mem

brane which are not covered by the electrically insulating layer. Thus, again, liquid deposi-

tion techniques may be used for producing the electrically insulating layer, e.g. printing

techniques such as screen printing or stencil printing. Again, as for the electrically insulat

ing material in step c), the electrically insulating layer, as an example, may fully or partial

ly be made of a resin, e.g. an epoxy resin, e.g. a resin as typically used for circuit board

manufacturing.

As outlined above, in the step of depositing the at least one second electrically conductive

material, i.e. step d) in the above-mentioned list of process steps, specifically one or more

of at least one electrode pad, at least one electrically conductive lead or at least one contact

pad may be formed. Thus, step d) may comprise forming at least one electrode pad for at

least one back electrode selected from the group consisting of a counter electrode and a

reference electrode. As used herein, the term "back electrode" generally refers to an elec

trode fully or partially formed within the second electrically conductive layer, on a side of

the electrically conductive material opposing the first electrically conductive material. Step

d) may further comprise forming at least one conductive lead for electrically contacting the

at least one back electrode. The at least one back electrode specifically may comprise at

least one electrically conductive redox material, specifically Ag/AgCl.



The at least one working electrode and, optionally, the at least one further electrode may

form one or more front electrodes which, preferably, are deposited directly onto the mem

brane layer. The at least one front electrode and the at least one back electrode may be d e

posited on opposing sides of the at least one electrically insulating material. As discussed

above, contact pads may be provided for electrically contacting the at least one front elec

trode and the at least one back electrode, respectively. Thus, at least one front electrode

contact pad may be provided, which may be electrically connected to the at least one front

electrode via at least one electrically conductive front electrode lead. Further, at least one

electrically conductive back electrode lead may be provided, for connecting the at least one

back electrode contact pad with the at least one back electrode. The contact pads, i.e. the at

least one front electrode contact pad and the at least one back electrode contact pad, both

may be electrically contactable from one and the same side of the sensor. Thus, as an ex

ample, the contact pads, both for the at least one front electrode and for the at least one

back electrode, may remain uncovered by insulating material and may be located on a back

side of the sensor, opposing the membrane layer. Consequently, both the front electrode

and the back electrode may be contacted from one and the same side, which provides ad

vantages in the electrical connecting technology when the sensor is assembled into a sensor

device for detecting the at least one analyte.

As outlined above, the electrically insulating material as used in step c) specifically may

comprise at least one electrically insulating resin. As an example, one or more epoxy resins

may be used. Other possibilities are given.

For the membrane layer, as outlined above, several materials may be used, standalone or in

combination. Thus, as an example, the membrane layer specifically may comprise one or

more of: a polyurethane; a hydrogel; a polyacrylate. These types of membranes are gener

ally known in the art. As an example, hydrogel membranes may be used, e.g. membranes

as disclosed in WO 2007/071562 A l and/or in WO 2005/078424 Al. However, other types

of sensor setups may be used. The membrane layer specifically may have a thickness of 1

µι ΐο 150 µιη.

As outlined above, the method comprises a plurality of deposition steps. Therein, specifi

cally, a patterned deposition is feasible in various ways. For patterning, specifically, print

ing techniques are feasible. As an example, one or more of method steps a) to d) may make

use of at least one printing method, such as screen printing or stencil printing. It shall be

noted, however, that other patterned or non-patterned deposition techniques may be used

alternatively or in addition.



In a further aspect of the present invention, a sensor for detecting an analyte in a body fluid

is proposed. The sensor specifically may be made by using the methods according to any

one of the embodiments disclosed above or disclosed in further detail below. Consequent

ly, for definitions and optional embodiments, reference may be made to the description of

the method. The sensor comprises the following elements which preferably are provided in

the given order. Additional elements are feasible.

Thus, the sensor comprises:

i) at least one membrane layer;

ii) at least one first electrically conductive material directly or indirectly deposited on

the membrane layer, wherein, specifically, at least one test chemical may be in

contact with the at least one first electrically conductive material, specifically for

forming at least one working electrode;

iii) at least one electrically insulating material directly or indirectly deposited on the

at least one membrane layer and the at least one first conductive material; and

iv) at least one second electrically conductive material directly or indirectly deposited

onto the electrically insulating material.

As outlined above, the sensor specifically may be obtainable or obtained by using the

method according to any one of the preceding method claims.

Thus, as compared to conventional techniques in which a layer setup is deposited on both

sides of an electrically insulating substrate which is not permeable for the analyte, the sen

sor according to the present invention specifically may comprise a type of top-down or

bottom-up setup depending on whether one starts with the membrane or the second con

ductive material in which the above-mentioned materials and layers are deposited onto the

membrane which may be permeable for the analyte to be detected. This setup, in the final

product, may be visible in a microscopic inspection of a cross-section of the layer setup,

since, firstly, the sensor specifically may not comprise an insulating substrate which is not

permeable for the analyte to be detected and since, further, the inverted deposition onto the

membrane, as an example, is distinguishable from a setup in which the membrane is depos

ited onto the remaining layers.

For optional embodiments of the sensor, reference may widely be made to the method de

scribed above or described in further detail below. Thus, as an example, the first electrical-



ly conductive material may form at least part of at least one working electrode. The work

ing electrode specifically may further comprise at least one test chemical deposited on the

membrane and in between the membrane and the first electrically conductive material,

wherein the test chemical is configured for performing at least one detection reaction in the

presence of the analyte to be detected. The first electrically conductive material may form

at least one working electrode pad in contact with the test chemical, for electrochemically

detecting the detection reaction, e.g. by using conventional amperometric and/or potentio-

metric techniques.

The first electrically conductive material further may form at least part of at least one elec

trode selected from the group consisting of a counter electrode and a reference electrode.

This at least one further electrode specifically may comprise at least one redox material,

specifically Ag/AgCl.

The first electrically conductive material further may form at least one electrically conduc

tive lead for electrically contacting at least one electrode formed within the first electrically

conductive material, specifically at least one electrode selected from the group consisting

of a working electrode and at least one further electrode, more specifically at least one of a

counter electrode and a reference electrode.

As further outlined above, the sensor may further comprise at least one electrically insulat

ing layer in between the membrane and the first electrically conductive material. Further,

the second electrically conductive layer may comprise at least one back electrode selected

from the group consisting of a counter electrode and a reference electrode. The second

electrically conductive layer may further comprise at least one electrically conductive lead

for electrically contacting the at least one back electrode.

For rendering the sensor biocompatible, one or more additional measures may be taken.

Thus, as an example, the sensor may further comprise at least one biocompatibility layer

fully or partially surrounding the sensor. This at least one compatibility layer, as an exam

ple, may comprise the same material as the at least one membrane layer and may avoid

components of the sensor entering the body tissue. As an example, the at least one compat

ibility layer may comprise at least one polyacrylate material. The compatibility layer, as an

example, may be made by dip coating the sensor into an appropriate liquid. Other tech-

niques are feasible.



As outlined above, the sensor specifically may be made avoiding a substrate, specifically a

substrate which is not permeable for the at least one analyte to be detected. Thus, specifi

cally, the sensor, besides the membrane, may not comprise any substrate, specifically no

substrate extending over the full width of the sensor.

The method and the sensor according to one or more of the embodiments given above or

given in further detail below provide a large number of advantages over known methods

and sensors. Thus, specifically, the substrate is typically used in manufacturing implantable

sensors, such as a flexible circuit board substrate or a polyimide substrate, may be avoided

and may be replaced by the membrane, which is a functional layer contributing to the func

tionality of the sensor. Consequently, the sensor function and the mechanical stability func

tion of the substrate may be combined. Process steps which do not contribute to the func

tionality of the sensor may thereby be avoided. The costs for materials and for testing,

which are typically involved in sensor manufacturing using a separate substrate, may thus

be reduced. Further, the sensor setup may be made completely of elements which are r e

quired for the electrochemical measurement.

Further, the inverted setup, also referred to as a "top-down" setup, may significantly reduce

the number of manufacturing steps. Thus, in typical and conventional sensor manufactur-

ing, more than nine process steps are required, including substrate manufacturing, prepar

ing the coating materials, drying and testing. By using a reduced number of process inter

faces, further, tight tolerances may be achieved.

The manufacturing according to the process as proposed further allows for a large number

of degrees of freedom for the geometry of the sensor. Thus, as outlined above, various

techniques may be used for providing the membrane layer having an arbitrary shape. The

use of highly flexible materials, specifically for the membrane layer, may further reduce

mechanical limitations. Further, a high degree of miniaturization is possible, and the geo

metry of the overall sensor may be chosen arbitrarily and according to the specific re-

quirements.

Summarizing and without excluding further possible embodiments, the following embodi

ments may be envisaged:

Embodiment 1 : A method for manufacturing a sensor for detecting an analyte in a body

fluid, specifically an analyte sensor for at least partial implantation into a body tissue of a



user, more specifically an analyte sensor for continuous monitoring of the analyte, the

method comprising the following steps:

a) providing a membrane layer;

b) depositing at least one first electrically conductive material directly or indirectly

onto the membrane layer;

c) depositing at least one electrically insulating material directly or indirectly onto the

at least one membrane layer and the at least one first electrically conductive materi

al; and

d) depositing at least one second electrically conductive material directly or indirectly

onto the electrically insulating material.

Embodiment 2 : The method according to the preceding embodiment, wherein the mem

brane layer is permeable for the analyte to be detected.

Embodiment 3 : The method according to any one of the preceding embodiments, wherein

step b) comprises forming at least one electrode pad of a working electrode.

Embodiment 4 : The method according to the preceding embodiment, the method further

comprising depositing at least one test chemical onto the membrane layer before or simu l

taneously to step b), wherein the test chemical is configured for performing at least one

detection reaction in the presence of the analyte to be detected.

Embodiment 5 : The method according to the preceding embodiment, wherein the electrode

pad of the working electrode is at least partially deposited onto the test chemical.

Embodiment 6 : The method according to any one of the preceding embodiments, wherein

step b) comprises forming at least one electrode pad for at least one further electrode se

lected from the group consisting of a counter electrode and a reference electrode.

Embodiment 7 : The method according to the preceding embodiment, wherein the at least

one electrode pad is at least partially formed of at least one redox material, specifically of

Ag/AgCl.

Embodiment 8 : The method according to any one of the preceding embodiments, wherein

step b) comprises forming at least one electrically conductive lead for electrically contact

ing at least one electrode, specifically at least one electrode selected from the group con-



sisting of a working electrode and at least one further electrode, more specifically at least

one of a counter electrode and a reference electrode.

Embodiment 9 : The method according to the preceding embodiment, wherein the method

further comprises, before forming the at least one electrically conductive lead for electri

cally contacting the at least one electrode, depositing at least one electrically insulating

layer onto the at least one membrane layer, wherein the at least one electrically conductive

lead is formed such that the electrically insulating layer is disposed in between the conduc

tive lead and the membrane layer.

Embodiment 10: The method according to the preceding embodiment, wherein the at least

one electrically insulating layer is at least partially formed by using at least one electrically

insulating resin.

Embodiment 11: The method according to any one of the preceding embodiments, wherein

step d) comprises forming at least one electrode pad for at least one back electrode selected

from the group consisting of a counter electrode and a reference electrode.

Embodiment 12: The method according to the preceding embodiment, wherein step d) fur-

ther comprises forming at least one electrically conductive lead for electrically contacting

the at least one back electrode.

Embodiment 13: The method according to any one of the two preceding embodiments,

wherein the at least one back electrode comprises at least one electrically conductive redox

material, specifically Ag/AgCl.

Embodiment 14: The method according to any one of the preceding embodiments, wherein

the electrically insulating material comprises at least one electrically insulating resin.

Embodiment 15: The method according to any one of the preceding embodiments, wherein

the membrane layer comprises one or more of: a polyurethane; a hydrogel; a polyacrylate.

Embodiment 16: The method according to any one of the preceding embodiments, wherein

the membrane layer has a thickness of 1 µιη to 100 µιη.

Embodiment 17: The method according to any one of the preceding embodiments, wherein

one or more of method steps a) to d) comprise using at least one printing method.



Embodiment 18: A sensor for detecting an analyte in a body fluid, the sensor comprising:

i) at least one membrane layer;

ii) at least one first electrically conductive material directly or indirectly depos

ited on the membrane layer;

iii) at least one electrically insulating material directly or indirectly deposited

on the at least one membrane layer and the at least one first electrically con

ductive material; and

iv) at least one second electrically conductive material directly or indirectly de

posited onto the electrically insulating material.

Embodiment 19: The sensor according to the preceding embodiment, wherein the sensor is

obtainable or obtained by using the method according to any one of the preceding method

claims.

Embodiment 20: The sensor according to any one of the preceding embodiments referring

to a sensor, wherein the first electrically conductive material forms at least part of at least

one working electrode.

Embodiment 2 1: The sensor according to the preceding embodiment, wherein the working

electrode further comprises at least one test chemical deposited on the membrane and in

between the membrane and the first electrically conductive material, wherein the test

chemical is configured for performing at least one detection reaction in the presence of the

analyte to be detected.

Embodiment 22: The sensor according to any one of the preceding embodiments referring

to a sensor, wherein the first electrically conductive material forms at least part of at least

one further electrode selected from the group consisting of a counter electrode and a refer

ence electrode.

Embodiment 23 : The sensor according to the preceding embodiment, wherein the at least

one electrode comprises at least one redox material, specifically Ag/AgCl.

Embodiment 24: The sensor according to any one of the preceding embodiments referring

to a sensor, wherein the first electrically conductive material forms at least one electrically

conductive lead for electrically contacting at least one electrode, specifically at least one



electrode selected from the group consisting of a working electrode and at least one further

electrode, more specifically at least one of a counter electrode and a reference electrode.

Embodiment 25: The sensor according to any one of the preceding embodiments referring

to a sensor, wherein the sensor further comprises at least one electrically insulating layer in

between the membrane layer and the first electrically conductive material.

Embodiment 26: The sensor according to any one of the preceding embodiments referring

to a sensor, wherein the second electrically conductive material comprises at least one back

electrode selected from the group consisting of a counter electrode and a reference elec

trode.

Embodiment 27: The sensor according to the preceding embodiment, wherein the second

electrically conductive material further comprises at least one electrically conductive lead

for electrically contacting the at least one back electrode.

Embodiment 28: The sensor according to any one of the preceding embodiments referring

to a sensor, wherein the sensor further comprises at least one biocompatibility layer fully

or partially surrounding the sensor.

Embodiment 29: The sensor according to any one of the preceding embodiments referring

to a sensor, wherein the sensor, besides the membrane, does not comprise any substrate,

specifically no substrate extending over the full width of the sensor.

Short description of the Figures

Further optional features and embodiments will be disclosed in more detail in the subse

quent description of 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 in

vention is not restricted by the preferred embodiments. The embodiments are schematically

depicted in the Figures. Therein, identical reference numbers in these Figures refer to iden

tical or functionally comparable elements.

In the Figures:



Figure 1 to 6 show intermediate products of a sensor for detecting an analyte in a body

fluid; and

Figure 7 shows the sensor for detecting the analyte in the body fluid manufactured by

using the process steps and intermediate products of Figures 1 to 6 .

Detailed description of the embodiments

In Figures 1 to 7, a method for manufacturing a sensor 110 for detecting an analyte in a

body fluid is shown by possible process steps and intermediate products. The sensor 110 is

shown in Figure 7, whereas Figures 1 to 6 show various intermediate products. In the fo l

lowing, these figures will be explained jointly.

In a first method step, shown in Figure 1, a membrane layer 112 is provided. The mem-

brane layer 112, as an example, specifically may be permeable for the analyte to be detect

ed. Thus, the membrane layer 112 may provide a selective barrier, allowing for the analyte

to pass, whereas other molecules, such as molecules or compounds of a test material of the

sensor 110, are retained within the sensor. As an example, the membrane layer may com

prise one or more of a hydrogel or a polyurethane. The membrane layer 112 itself may

function as a substrate for the sensor 110, replacing the commonly used flexible printed

circuit boards, providing both the functionality of the semipermeable membrane as well as

the functionality of mechanical stability. As an example, the membrane layer may have a

length L of 2 mm to 30 mm, and a width W of 0 .1 mm to 2 mm. The membrane layer 112,

as an example, may have a thickness of 0.2 to 1.0 mm. The membrane layer 112 may be

strip-shaped, as shown in Figure 1, or may have another shape. The membrane layer 112,

as an example, may have an insertable end 114 and a contact portion 116. The membrane

layer 112 may provide an insertable portion 118 which, as an example, may have a con

stant width W . In the contact portion 116, the membrane layer 112 may also be widened as

compared to the width W of the insertable portion 118.

The membrane layer 112, as outlined above, may be provided by various techniques. As an

example, the membrane layer 112 may be provided in a reel-to-reel-process, wherein a

plurality of membrane layers 112 are cut from a foil or endless tape. Alternatively, howev

er, other techniques are feasible, such as casting or printing techniques for providing the

membrane layer 112. For the membrane layer 112, as an example, at least one of a polyu

rethane, a polyacrylate or a hydrogel may be used. The membrane layer 112, as an exam

ple, may have a thickness of 1 µιη to 150 µιη.



In a second and optional step, shown in Figure 2, at least one electrically insulating layer

120 is deposited onto the membrane layer 112, such that one or more uncovered regions

122 remain free of the electrically insulating layer 120. For this purpose, as an example,

printing techniques may be used to deposit the electrically insulating layer 120 in a pat

terned fashion. As an example, an insulating resin may be used, such as an epoxy resin.

The at least one electrically insulating layer 120, as an example, may have a thickness of <

800 µιη, preferred < 500 µιη, further preferred < 300 µιη or < 200 µιη, such as a thickness

of 1 µιη to 250 µιη, specifically 5 µιη to 50 µιη. As an example, the electrically insulating

layer 120 may have at least a thickness which is suitable to sustain the mechanical stress

when implanted into the body tissue and, still, remains electrically insulating. The thick

ness, however, should be kept as low as possible, since obtaining homogeneous layers gen

erally is more challenging for thick layers.

In a further process step, shown in Figure 3, one or more working electrodes 124 are de

posited onto the membrane layer 112, specifically onto one or more of the uncovered r e

gions 122. The geometry of these working electrodes 124 may be chosen freely. Each

working electrode, as an example, may comprise, firstly, a pad of one or more test chemi

cals 126, which is selectively sensitive to the analyte to be detected, e.g. for glucose. As an

example, the test chemical 126 may be or may comprise glucose oxidase or other enzymes.

Additionally, on a side facing away from the membrane layer 112, the working electrodes

124 may comprise electrically conductive working electrode pads 128, such as gold pads.

These electrically conductive working electrode pads 128, however, may also be left out

and may be combined with or replaced by electrically conductive leads, as will be ex-

plained in further detail below with respect to Figure 5 .

In a next and optional step, shown in Figure 4, which may also be interchanged in order

with the step of Figure 3, one or more further electrodes 130 may optionally be deposited

onto the membrane layer 112, specifically onto the uncovered region 122. The optional at

least one further electrode 130 specifically may be or may comprise at least one reference

electrode 132. Again, the geometry of the reference electrode 132 may be chosen accord

ing to the actual technical requirements of the sensor 110. The at least one reference elec

trode 132, as an example, may be or may comprise at least one redox material having

known electrochemical properties which are not influenced by the presence or absence of

the analyte to be detected. As an example, the reference electrode 132 may comprise

Ag/AgCl. Again, as for the deposition of the working electrode 124, for depositing the at

least one further electrode 130, printing techniques may be used, such as screen printing or



other types of printing. Further, the at least one reference electrode 132 may be or may

comprise at least one electrically conductive material. The at least one electrically conduc

tive material, as an example, may be provided by an electrically conductive reference elec

trode pad, or the reference electrode 132, such as Ag/AgCl, itself may be electrically con-

ductive.

In a further process step, shown in Figure 5, one or more electrically conductive leads 134

may be provided, for electrically contacting the working electrodes 124 and, optionally, the

at least one further electrode 130 such as the at least one reference electrode 132. As emt

lined above, electrically conductive electrode pads for the at least one working electrode

124 and, optionally also for the at least one further electrode 130, may also be provided in

this step. These electrically conductive leads 134, as an example, may extend along a lon

gitudinal axis of the membrane layer 112 and may extend from the contact portion 116 to

the electrodes 124, 130 in the insertable portion 118. Therein, as shown e.g. in Figure 5, in

case a plurality of working electrodes 124 are provided, all of these working electrodes 124

may be contacted by one and the same electrically conductive lead 134 or, alternatively, by

separate electrically conductive leads 134. The step may also be used for providing contact

pads 136 in the contact portion 116, which, by the electrically conductive leads 134, are

connected to the respective electrodes 124, 130. Thus, as an example, the contact pads 136

may comprise at least one working electrode contact pad 138 and at least one reference

electrode contact pad 140. By the electrically insulating layer 120, the contact pads 136

and the electrically conductive leads 134 are separated from the membrane layer 112, such

that the analyte, preferably, may not get in contact with the electrically conductive leads

134 and the contact pads 136.

In the embodiment shown in Figures 1 to 7, the at least one electrically conductive lead

134 as well as the at least one contact pad 136 and, optionally, one or more electrode pads

128 of the electrodes 124, 130, may all be made of at least one first electrically conductive

material 141, which, in the method step shown in Figure 5 as well as further, optionally,

also in the method steps shown in Figures 3 and 4, is deposited directly or indirectly onto

the membrane layer 112. For depositing the at least one first electrically conductive mate

rial 141, various techniques are possible. As an example, the at least one first electrically

conductive material 141 may be printed in a patterned fashion, such as by using screen

printing.

In a subsequent process step, shown in Figure 6, at least one electrically insulating material

142 is deposited onto the intermediate product of Figure 5, thereby covering at least the



electrodes 124, 130 and the electrically conductive leads 134. Preferably, however, the

covering by the electrically insulating material 142 is performed such that the contact pads

136, 138, 140 remain uncovered. For the electrically insulating material 142, again, as an

example, electrically insulating resins may be used, such as one or more epoxy resins. The

depositing of the at least one electrically insulating material 142, as an example, may be

performed by printing techniques. Additionally or alternatively, however, continuous coat

ing techniques may be used. The patterning of the electrically insulating material 142,

thereby optionally leaving the contact pads 136 uncovered, may be performed simultane

ously to the deposition of the electrically insulating material 142, by using a patterned dep-

osition technique, or may be performed subsequently, e.g. by subsequently ablating the

contact pads 136. The electrically insulating material 142 may form one or more electrical

ly insulating layers. The electrically insulating material 142 will, later on, electrically sepa

rate the at least one working electrode 124 and, optionally, the at least one further electrode

130, which both are deposited on the membrane layer 112, from at least one further elec-

trode on a side of the electrically insulating material 142 facing away from the membrane

layer 112, thereby providing a sensor having electrodes on both sides.

In a further method step, shown in Figure 7, at least one second electrically conductive

material 144 is deposited on the electrically insulating material 142. The second electrical-

ly conductive material 144 may form or may comprise at least one back electrode 146

which, as an example, may be or may comprise a counter electrode 148. The counter elec

trode 148, as an example, may be or may comprise a metal electrode or, alternatively, may

also be or may comprise a redox material, such as Ag/AgCl. As an example, the counter

electrode 148 may be a large-area electrode, having an extension e.g. over an area larger

than the working electrodes 124.

The second electrically conductive material 144 may also comprise one or more electrical

ly conductive leads 150 for contacting the at least one back electrode 146. The second elec

trically conductive material 144 may also comprise one or more contact pads 152, such as

one or more back electrode contact pads 154, which, as an example, are in electrical con

tact with the electrically conductive lead 150, for electrically contacting the back electrode

146. Thus, with the contact pads 136 of the first electrically conductive material 141 r e

maining free of the electrically insulating material 142, contact pads 136 are provided for

contacting the front electrodes, comprising the at least one working electrode 124 and op-

tionally the at least one further electrode 130, and at least one contact pad 152 of the sec

ond electrically conductive material 144 is provided for electrically contacting the at least

one back electrode 146.



The process for manufacturing the sensor 110 may comprise additional method steps, and

the sensor 110 may comprise additional elements not shown in Figures 1 to 7. Thus, as an

example, the sensor 110, in a further step, may fully or partially be coated with one or

more additional materials, such as one or more biocompatibility layers, for e.g. covering

the back electrode 146. For the at least one biocompatibility layer, as an example, again,

membrane materials may be used, which are permeable for the analyte and/or other materi

als which increase biocompatibility of the sensor 110.

Further, one or more singulation steps may be used, e.g. in case a plurality of sensors 110

is manufactured in a combined fashion, such as one or more cutting steps.

It shall further be noted that one or more of the process steps shown in the Figures may

also fully or partially be combined. Thus, as an example, the process steps shown in Figure

5 may also be combined with one or more of the process steps of Figures 4 and/or 3 . As an

example, the at least one further electrode 130 may simultaneously be generated with the

electrically conductive leads 134. Thus, the step of depositing the at least one first electri

cally conductive material 141 may be or may comprise a single step or may comprise a

plurality of process steps, e.g. printing steps. Further, one or more of the process steps

shown in the Figures may also have a plurality of substeps. Thus, as an example, the de

positing of the at least one first electrically conductive material 141 and/or the depositing

of the second electrically conductive material 144 each, independently, may be a single-

step process or a multiple-step process.
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Claims

1. A method for manufacturing a sensor ( 110) for detecting an analyte in a body fluid,

the method comprising the following steps:

a) providing a membrane layer ( 112);

b) depositing at least one first electrically conductive material (141) directly or in di

rectly onto the membrane layer ( 112);

c) depositing at least one electrically insulating material (142) directly or indirectly

onto the at least one membrane layer ( 112) and the at least one first electrically

conductive material (141); and

d) depositing at least one second electrically conductive material (144) directly or in

directly onto the electrically insulating material (142).

2 . The method according to the preceding claim, wherein step b) comprises forming at

least one electrode pad (128) of a working electrode (124).

3 . The method according to any one of the preceding claims, wherein step b) comprises

forming at least one electrode pad for at least one further electrode (130) selected

from the group consisting of a counter electrode and a reference electrode (132).

4 . The method according to any one of the preceding claims, wherein step b) comprises

forming at least one electrically conductive lead (134) for electrically contacting at

least one electrode (124, 130, 132).

5 . The method according to the preceding claim, wherein the method further comprises,

before forming the at least one electrically conductive lead (134) for electrically con

tacting the at least one electrode (124, 130, 132), depositing at least one electrically

insulating layer (120) onto the at least one membrane layer ( 112), wherein the at least

one electrically conductive lead (134) is formed such that the electrically insulating

layer (120) is disposed in between the conductive lead (134) and the membrane layer

( 112).

6 . The method according to any one of the preceding claims, wherein step d) comprises

forming at least one electrode pad for at least one back electrode (146) selected from

the group consisting of a counter electrode (148) and a reference electrode.



7 . The method according to the preceding claim, wherein step d) further comprises

forming at least one electrically conductive lead (150) for electrically contacting the

at least one back electrode (146).

8. A sensor ( 110) for detecting an analyte in a body fluid, the sensor ( 110) comprising:

i) at least one membrane layer ( 112);

ii) at least one first electrically conductive material (141) directly or indirectly

deposited on the membrane layer ( 112);

iii) at least one electrically insulating material (142) directly or indirectly de

posited on the at least one membrane layer ( 112) and the at least one first

electrically conductive material (141); and

iv) at least one second electrically conductive material (144) directly or indi

rectly deposited onto the electrically insulating material (142).

9 . The sensor ( 110) according to the preceding claim, wherein the first electrically con

ductive material (141) forms at least part of at least one working electrode (124).

10. The sensor ( 110) according to any one of the preceding claims referring to a sensor

( 110), wherein the first electrically conductive material (141) forms at least part of at

least one further electrode (130) selected from the group consisting of a counter elec

trode and a reference electrode (132).

11. The sensor ( 110) according to any one of the preceding claims referring to a sensor

( 110), wherein the first electrically conductive material (141) forms at least one elec

trically conductive lead (134) for electrically contacting at least one electrode (124,

130, 132).

12. The sensor ( 110) according to any one of the preceding claims referring to a sensor

( 110), wherein the sensor ( 110) further comprises at least one electrically insulating

layer (120) in between the membrane layer ( 112) and the first electrically conductive

material (141).

13. The sensor ( 110) according to any one of the preceding claims referring to a sensor

( 110), wherein the second electrically conductive material (144) comprises at least

one back electrode (146) selected from the group consisting of a counter electrode

(148) and a reference electrode.



14. The sensor ( 110) according to the preceding claim, wherein the second electrically

conductive material (144) further comprises at least one electrically conductive lead

(150) for electrically contacting the at least one back electrode (146).

15. The sensor ( 110) according to any one of the preceding claims referring to a sensor

( 110), wherein the sensor ( 110) further comprises at least one biocompatibility layer

fully or partially surrounding the sensor ( 110).
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