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at least one electrical connector (130), wherein the second part (114) is configured to mate with the first part (112) and to establish an
electrical connection between the electrical connector (130) of the second part (114) and the first conductive layer (146) and to establish
an electrical connection between the electrical connector (130) and the second conductive layer (150) via the electrical contact (132).
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Medical device and method for manufacturing a medical device

Field of the invention

The invention relates to a medical device and to a method for manufacturing a medical
device. The devices and method according to the present invention may mainly be used for
long-term monitoring of an analyte concertation in a body fluid, such as for long-term
monitoring of a blood glucose level or of the concentration of one or more other types of
analytes in a body fluid. Further, the medical device and the method according to the pre-
sent invention may be used in any field of monitoring one or more body functions, such as
for monitoring a physiological state of a body of a user, and, more preferably, for monitor-
ing an analyte concentration in a body fluid of the user and/or for monitoring one or more
other types of body functions, such as a heart rate, a blood pressure or other types of body
functions. Preferably, the device according to the present invention may be used for in vivo
measurements of an analyte concentration in a body fluid of a user. However, other fields

of application are possible.

Related art

In the field of medical technology, specifically in the field of monitoring health conditions
of patients in hospitals or in the field of a home monitoring, a large number of devices for
measuring one or more parameters related to one or more body functions is known. Thus,
specifically, sensor elements for measuring heart rates, blood pressure or concentrations of
one or more analytes in a body fluid of the user are known. In the following, without re-
stricting the scope of the present invention and without restricting the possibility of using
other types of sensor units, the invention is mainly disclosed in the context of electrochem-
ical sensor units capable of electrochemically measuring the concentration of one or more
analytes in a body fluid, such as for measuring glucose in blood and/or interstitial fluid.

Thus, clectrochemical tests are known, which are also referred to as electrochemical bio-
sensors. Biosensors of this type mainly are used for qualitatively and/or quantitatively ana-
lyzing the content of biological liquids such as blood, plasma, interstitial fluid (ISF) or
urine. The analyte which most widely is detected in the art is glucose. However, addition-
ally or alternatively, detectors for other types of analytes are known, such as detectors for

detecting lactate, PTT (partial thromboplastin), a pH value, urea, lipide, ethanol, cholester-
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ol or other types of analytes. Examples for specific embodiments of electrochemical glu-
cose sensor units are disclosed in US 5,413,690, US 5,762,770, US 5,798,031, US
5,997,817, US 2009/0020502 and WO 2009/056299.

In the art, for analyzing body fluids, so-called spot measurements are known, which re-
quire a sampling of a specific sample of a body fluid, which, subsequently, is analyzed by
using a measurement device or sensor unit. Further, besides spot measurements, continu-
ous measurements are known. Thus, specifically in the field of glucose measurement in the
interstitial body tissue (interstitium), continuous measurement methods and devices are
known, which are also referred to as CM devices. These continuous monitoring methods
and devices are specifically useful for managing, monitoring and controlling specific types
of illnesses such as a diabetes status. Meanwhile, implanted electrochemical sensor ele-
ments are used, which are also referred to or which may be embodied as so-called needle-
type sensors or NTS. Therein, an active sensor portion having one or more electrodes is
directly placed in the region of measurement, such as in the interstitial tissue. Further, by
using one or more sensor electrodes or working electrodes having at least one detector sub-
stance having one or more enzymes, electrochemical in-situ or in-vivo measurements may
be performed. Thus, as an example, enzymes such as glucose oxidase may be used, which
are adapted for generating an electric charge, an electric current or an electric potential in
the presence of glucose, from which the concentration of glucose may be derived and
which may be used as a measurement signal or measurement information. Examples of
these types of transcutancous measurement systems are disclosed in US 6,360,888 or in US
2008/0242962 Al.

Generally, continuous monitoring systems as known in the art are transcutaneous systems.
As used herein, the term transcutaneous system refers to a device for monitoring the body
function, wherein the device comprises a transcutancous sensor unit. This transcutaneous
sensor unit, preferably containing one or more electrodes, is placed beneath the skin of the
user in a body tissue of the user. A part of the sensor unit may reach through the skin of the
user, in order to be electrically connected to an electronic unit, which is also often referred
to as an evaluation unit or patch and which generally may be adapted for controlling the
sensor unit and/or for evaluating signals provided by the sensor unit. The evaluation unit
generally may be located outside the body of the user, which may be a human or an ani-
mal. The device according to the present invention also may optionally be embodied as a
transcutancous system. In transcutaneous systems, generally, the sensor unit is fully or
partially inserted into the body tissue by using one or more inserters or insertion aids. Ex-
amples of inserters are disclosed in US 6,360,888 B1. Other types of inserters are known.

Typically, transcutancous systems are worn by the user for a time period from several
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hours to several months or typically several days to several weeks, or, more typically, one
week.

Specifically in the field of transcutancous sensor systems, a large number of technical chal-
lenges referring to patterning of the substrates, assembly techniques, electrical contacting
and packaging arise. Thus, needle-type sensors which are often used as sensor units for
transcutancous systems, generally require flexible, elongated substrates comprising fine
conductive paths having a low electrical resistance. The flexibility of the sensor substrates
as well as the requirement of high-definition patterning and reliable contacting of the sen-
sor electrodes imposes a major technical challenge. Further, specifically in view of rising
costs in the field of medical technology, cost-efficient manufacturing and assembly tech-

niques are generally required.

In the field of sensor devices, several means and methods for contacting test elements are
known. As an example, contacting of test strips via connector pins or spring contacts is
disclosed in US 7,527,716 B2. In EP 2 679 156 Al a method for manufacturing a device

for monitoring at least one body function of a user is disclosed.

In the art of electronics, specifically in the field of semiconductor manufacturing or in the
field of manufacturing of integrated circuits (ICs), various printing techniques or patterning
techniques are generally known, such as lithographic techniques or etching techniques.
Further, a patterning of conductive paths and electrodes by laser ablation techniques is dis-
closed e.g. in US 6,044,441, in US 6,309,526 B1, in WO 00/73785 A2, in WO 01/36953
Al, in WO 01/754438 A2 and in EP 1 152 239 Al. Further, printing techniques for elec-
trode patterning are known, such as from US 6,004,441. These techniques are generally
limited by resolution. Further, anisotropic conductive adhesives are used for assembly of
flip-chip-devices in integrated circuits, such as disclosed in EP 0 995 784 BI or in US
6,238,597 B1. Further, the use of anisotropic adhesives for contacting conductive polymer-
ic electrodes in touch panel displays is disclosed in US 2012/0032910 A1.

Electrical contacts of a printed circuit board are usually realized by vias, specifically mi-
cro-vias. A double-sided contacting may lead to advantages during designing a surround-
ing hardware, such as a design of a connector which is configured to establish an electrical
connection with both sides of the printed circuit board, respectively. Typically, a hole, such
as a hole of 50 um to 100 pm, may be prepared within the printed circuit board, such that
the hole may be limited by a layer of the printed circuit board comprising copper. Thereaf-

ter, the holes may be copper-plated galvanically.
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Despite the advantages implied by the techniques listed above, a large number of technical
challenges remain in medical technology. Commonly, a usage of micro-vias may lead to
disadvantages. Specifically, a large number of manufacturing steps may be necessary for
manufacturing micro-vias. This may lead to increased production costs and to an increased
production time. Further, a usage of biocompatible materials may be desired, specifically
in invasive construction elements such as a glucose sensor having a flexible printed circuit

board. However, commonly, micro-vias are made of copper.

Problem to be solved

It is therefore an objective of the present invention to provide a medical device and a
method for manufacturing a medical device which at least partially avoid the shortcomings
of known devices and methods of this kind and which at least partially address the above-
mentioned challenges. Specifically, devices shall be disclosed which allow for easy and
efficient and, still, reliable manufacturing of medical devices such as sensor devices for

continuous monitoring of one or more analytes in a body fluid.

Summary of the invention

This problem is solved by a medical device and a method for manufacturing a medical
device with the features of the independent claims. Preferred embodiments, which might
be realized in an isolated fashion or in any arbitrary combination are listed in the depend-

ent claims.

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

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

Further, it shall be noted that the terms “at least one”, “one or more” or similar expressions
indicating that a feature or element may be present once or more than once typically will
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
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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.

As generally used within the present invention, the terms "patient" and "user" may refer to
a human being or an animal, independent from the fact that the human being or animal,
respectively, may be in a healthy condition or may suffer from one or more diseases. As an
example, the patient or the user may be a human being or an animal suffering from diabe-
tes. However, additionally or alternatively, the invention may be applied to other types of

users or patients or diseases.

The term “body tissue” may generally refer to a cellular organizational level intermediate
between cells and a complete organ. The body tissue may specifically be an ensemble of
similar cells from the same organ that together carry out a specific function. Thereby, or-
gans may then be formed by functional grouping together of multiple tissues. As an exam-
ple for body tissue, interstitial tissue, i.e. connective tissue between cellular elements of a
structure, may be named or the interstitial tissue which can be part of, close to or under-
neath the skin. As further used herein, the term “body fluid” generally may refer to a fluid
which is typically present in a body or the body tissue of the user or the patient and/or
which may be produced by the body of the user or the patient. Thus, as an example, the
body fluid may be selected from the group consisting of blood and interstitial fluid. How-
ever, additionally or alternatively, one or more other types of body fluids may be used,

such as saliva, tear fluid, urine or other body fluids.

In a first aspect of the present invention, a medical device is disclosed. The medical device
comprises at least one first part. The first part comprises at least one interconnect device.

The interconnect device comprises at least one first conductive layer; at least one insula-
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tion layer and at least one second conductive layer. The second conductive layer is separat-
ed from the first conductive layer at least by the insulation layer. The at least one insulation

layer, as an example, may form an insulating substrate.

The medical device further comprises at least one electrical contact. The electrical contact
may be embodied as a part of the first part or as an independent electrical contact. The
electrical contact comprises at least one electrical contact material and as will be outlined
in further detail below, the electrical contact material may be made of or may comprise a
conductive paste. The electrical contact is electrically connected to the second conductive
layer. The electrical contact is contactable from one side of the interconnect device oppos-
ing the second conductive layer, e.g. relative to the insulation layer. Thus, the one side of
the interconnect device and the second conductive layer oppose each other. In particular,
the one side of the interconnect device, which opposes the second conductive layer, may
oppose the second conductive layer, such as relative to the insulation layer. Herein, the
expression “relative to the insulation layer” may be understood as emphasizing the fact that
the two opposing objects of the one side of the interconnect device and the second conduc-
tive layer are separated by the insulation layer. Thus, the electrical contact may be contact-
able from one side of the interconnect device opposing the second conductive layer relative
to the insulation layer. In other words, the electrical contact may be contactable from one
side of the interconnect device wherein the side of the interconnect device is opposed to
the second conductive layer relative to the insulation layer. The electric contact is provided

micro-via free.

Further, the medical device comprises at least one second part. The second part comprises
at least one electrical connector. Further, the second part is configured to mate with the
first part and to establish an electrical connection between the electrical connector of the
second part and the first conductive layer and to further establish an electrical connection
between the electrical connector of the second part and the second conductive layer via the

electrical contact.

Thus, as will be outlined in further detail below, the clectrical contact allows for electrical-
ly contacting both the first conductive layer and the second conductive layer from the same
side of the insulation layer of the first part, even though the first conductive layer and the
second conductive layer are located on opposing sides of the insulation layer. As an exam-
ple, the first conductive layer may comprise at least one first contact pad located on a first
side of the insulation layer, and the second conductive layer may comprise at least one sec-
ond contact pad located on a second side of the insulation layer, opposing the first side.

The electrical contact, such as the electrical contact paste, allows for contacting both the
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first contact pad and the second contact pad from the same side, e.g. from the first side.
Therein, preferably, the electrical contact does not contain any vias reaching through the
insulation layer. Instead, as will be outlined in further detail below, basically, two concepts
may be used alternatively or even in combination:

a) A first concept in which the electrical contact, such as a conductive paste, extends
over an edge of the insulation layer, such that a portion of the electrical contact is
located on the first side of the insulation layer, i.e. on the same side as the first con-
ductive layer, and a further portion of the electrical contact is located on the second
side, contacting the second conductive layer. Thus, on the first side, both the first
conductive layer and a portion of the electrical contact between connected to the
second conductive layer may be contacted clectrically.

b) A second concept in which the electrical contact, such as the conductive paste,
forms a layer, specifically a flat layer, on which the first part may rest, with the
second conductive layer being electrically contacting the layer, and with the layer
extending laterally over the insulation layer. In this case, as an example, the at least
one electrical connector of the second part may comprise a first electrical connect-
or, electrically contacting the first layer, and a second electrical connector electri-
cally contacting at least a part of the layer of the electrical contact extending lateral-

ly over the insulation layer.

In accordance with the second concept, the medical device may specifically comprise the

following setup, in the given order:

- the layer of the electrical contact,

- the second conductive layer being in electrical contact with the layer of the electrical
contact,

- the insulation layer,

- the first conductive layer.

When referring to a number of elements or objects that are given in the form of a list, the
expression “in the given order” may, generally describe a sequential arrangement of these
elements in a setup or in an array, wherein the sequential arrangement of the elements is in
agreement with the order in which the elements appear in the list. Thus, the relation, which
any two elements may have to each other within the list is reflected in the sequential ar-
rangement of these elements in the setup or array. Thus, two elements that on the list are
separated by a third element, may be separated at least by that same third element in the
setup or array. Specifically, in other words, the layer of the electrical contact may be fol-

lowed by the second conductive layer being in electrical contact with the layer of the elec-
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trical contact, and the second conductive layer may be followed by the insulation layer,

which again may be followed by the first conductive layer.

As further used herein, the term “medical device” may generally refer to an arbitrary de-
vice configured for conducting at least one medical analysis and/or at least one medical
procedure. The medical device therefore may generally be an arbitrary device configured
for performing at least one diagnostic purpose and/or at least one therapeutic purpose. In
the following, without restricting further embodiments, the present invention mainly will
be described in terms of a medical device configured for performing at least one diagnostic
purpose and, specifically, a medical device comprising at least one analyte sensor for per-
forming at least one analysis. The medical device generally may also be or may comprise
at least one of a sensor assembly, a sensor system, a sensor kit or a sensor device, prefera-
bly the medical device is a continuous glucose monitoring sensor assembly, sensor system,
sensor kit or sensor device such as Abbott Freestyle Libre®, Dexcom G5® CGM System
or Roche Accu-Chek Insight CGM. The medical device may specifically be a compact,
wearable or portable device which may be carried by a user, such as a device having a vol-
ume of less than 1000 cm’ or even less than 500 cm?, and/or having a weight of less than
500 g, preferably of less than 200 g. Specifically, the device may fully or partially be car-
ried on a body surface of the body of the user. The medical device may be configured for

monitoring at least one body function of the user. However, other applications may be fea-
sible.

The terms “first part” and “second part” may be considered as nomenclature only, without
numbering or ranking the named elements, without specifying an order and without ex-
cluding a possibility that several kinds of first parts and second parts may be present. Fur-
ther, additional parts such as one or more third parts may be present. The term “part” may
refer to an arbitrary component of an object. The component may be configured for inter-
acting with a further component of the object. Specifically, the first part and the second
part of the medical device may be capable of interacting with each other, such as in order
to perform one or more diagnostic and/or therapeutic purposes, such as in order to perform
the medical analysis and/or the medical procedure as outlined above. Specifically, the first
part and the second part may be capable of performing at least one detection of the at least
one analyte in the body fluid and/or in order to contribute to the at least one detection of

the at least one analyte in the body fluid. However, other embodiments may be feasible.

Exemplarily, the first part of the medical device may be a sensor unit and the second part
may be a sensor electronic unit, specifically an evaluation unit. As further used herein, the

term “sensor unit” may refer to an arbitrary element which is adapted to perform a process
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of detection and/or which is adapted to be used in the process of detection. Thus, the sensor
unit may specifically be adapted to determine the concentration of the analyte and/or a
presence of the analyte. The sensor unit may also be referred to as “sensor” or “analyte
sensor”. As will be outlined in further detail below, the sensor unit specifically may be
fully or partially implantable into a body tissue of a user or patient. The term “detection”
may generally refer to a process of determining a presence and/or a quantity and/or a con-
centration of the at least one analyte. Thus, the detection may be or may comprise a quali-
tative detection, simply determining the presence of the at least one analyte or the absence
of the at least one analyte, and/or may be or may comprise a quantitative detection, which
determines the quantity and/or the concentration of the at least one analyte. As a result of
the detection, at least one signal may be produced which characterizes an outcome of the
detection, such as at least one measurement signal. The at least one signal specifically may
be or may comprise at least one electronic signal such as at least one voltage and/or at least
one current. The at least one signal may be or may comprise at least one analogue signal

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

The sensor unit specifically may be an electrochemical sensor. As used herein, an “electro-
chemical sensor” generally is a sensor which is configured to conduct an electrochemical
measurement in order to detect the at least one analyte contained in the body fluid. The
term “electrochemical measurement” refers to a detection of an electrochemically detecta-
ble property of the analyte, such as an electrochemical detection reaction. Thus, for exam-
ple, the electrochemical detection reaction may be detected by comparing one or more
electrode potentials. The electrochemical sensor specifically may be adapted to and/or may
be usable to generate at least one electrical sensor signal which directly or indirectly indi-
cates the presence and/or the extent of the electrochemical detection reaction, such as at
least one current and/or at least one voltage. The sensor unit sensor may comprise at least
two electrodes, such as at least one working electrode and at least one counter electrode.
As used herein, the term “working electrode” may refer to an electrode being adapted for
or being usable for performing at least one electrochemical detection reaction for detecting
the at least one analyte in the body fluid. The working electrode may have at least one test
chemical being sensitive to the analyte to be detected. The term “test chemical” specifical-
ly may refer to an arbitrary material or a composition of materials adapted to change at
least one detectable property in the presence of at least one analyte. This property may be
an electrochemically detectable property. Specifically, the at least one test chemical may
be a highly selective test chemical, which only changes the property if the analyte is pre-
sent in the body fluid whereas no change occurs if the analyte is not present. The degree or
change of the at least one property is dependent on the concentration of the analyte in the

body fluid, in order to allow a quantitative detection of the analyte. As an example, the test
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chemical may comprise at least one enzyme, such as glucose oxidase and/ or glucose de-
hydrogenase. As used herein, the term “counter electrode” may refer to an electrode
adapted for performing at least one electrochemical counter reaction and adapted for bal-

ancing a current flow required by the detection reaction at the working electrode.

However, additionally or alternatively, other types of sensor units may be comprised, such
one or more of a sensor unit for detecting a heart rate, such as by detecting appropriate
movements due to a heartbeat, a blood pressure measurement unit, a temperature sensor, a

pH sensor or any other types of sensor units or combinations thereof.

The sensor unit may comprise at least one implantable sensor unit. Specifically, the im-
plantable sensor unit may comprise at least one implantable portion configured for full or
partial implantation into a body tissue of a user, such as by transcutancous insertion. The
term “implantable portion” may generally refer to a property of an arbitrary portion of an
clement of being adapted to be fully or at least partly arranged through the body tissue of
the patient or the user. Thus, the sensor unit may also be referred to as transcutancous sen-
sor unit. The implantable portion may fully or partially provide a biocompatible surface,
1.e. a surface which, at least during durations of use, does not have any detrimental effects
on the user, the patient or the body tissue, e.g. by having a biocompatible coating. Further,
the implantable portion generally may be dimensioned such that a transcutaneous insertion
of the element into the body tissue is feasible, such as by providing a width in a direction
perpendicular to an insertion direction of no more than 5 mm, preferably of no more than 2
mm, more preferably of no more than 1.5 mm. Thus, the term “subcutaneous” may gener-
ally refer to a property of an arbitrary element of being situated or lying under the skin and
within the body tissue of the user or the patient. Specifically, the object may be configured

to be introduced under the skin, exemplarily as an injection.

The term “sensor electronic unit” may generally refer to an arbitrary one-component or
multi-component element or device adapted for processing data such as for acquiring
measurement values and, optionally, for fully or partially evaluating the measurement val-
ues. Therefore, the sensor electronic unit may also be referred to as evaluation unit. Specif-
ically, the sensor electronic unit may be configured for interacting with the sensor unit
and/or for controlling the sensor unit. As an example, reference may be made to the sensor
clectronic unit as disclosed in EP1972269A1 and the sensor unit disclosed therein. Still,

other embodiments are feasible.

As further used herein, the term “interconnect device” may refer to an arbitrary device

which is configured to mechanically support and/or to electrically connect electronic com-
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ponents such as by using tracks and/or pads. The interconnect device may specifically
comprise at least one electrically insulating material. The electrically insulating material
may form a substrate for the electronic components. As an example, the interconnect de-
vice may have a flat shape. The interconnect device may have a lateral extension exceed-
ing its thickness by at least a factor of 2, at least a factor of 5, at least a factor of 10, or
even at least a factor of 20 or more. The interconnect device specifically may have an
clongated shape, such as a strip-shape and/or a bar-shape. The interconnect device may

also be referred to as circuit board and/or as printed circuit board.

Specifically, the interconnect device may be a copper-free interconnect device. The term
“copper-free” may refer to a property of an arbitrary object of being completely or at least
to a large extent, like at least 90%, at least 95% or at least 99%, free from copper and/or
chemical compounds comprising copper. The interconnect device may comprise one or
more components and all of the components or at least most of the components may be
completely or at least to a large extent free from copper and/or chemical compounds com-
prising copper. Specifically, at least one of the insulation layer, the first conductive layer,
the second conductive layer, the electrical contact may be completely or at least to a large

extent free from copper and/or chemical compounds comprising copper.

Further, the interconnect device may be a flexible interconnect device. The term “flexible”
may generally refer to a property of an arbitrary object of being bendable, usually without
breaking, and preferably reversibly bendable. Specifically, the flexible interconnect device
may be bendable with a bending radius of 1 mm. The flexible interconnect device may
further have or may further support a pre-bending of 60°. Furthermore, the flexible inter-
connect device may have or may support a deflection of at least 10°. Specifically, a bend-
ing procedure, such as but not limited to the application of a bending radius, a pre-bending
and/or a deflecting, may be applied to the flexible interconnect device and reversed in at
least 10000 cycles before the flexible interconnect device breaks. Thus, after at least 10000
cycles the flexible interconnect device may lose its flexibility and/or may fracture. The
interconnect device may comprise at least one flexible substrate and electrical components
of the interconnect device may be deposited on the flexible substrate. As an example, the
substrate may comprise a flexible or deformable plastics material, such as a polyimide ma-
terial, e.g. a polyimide foil. Thereby, the electrical components of the interconnect device
may be made of flexible materials and/or of rigid materials. Specifically, the insulation
layer of the interconnect device may be a flexible insulation layer. However, other embod-

iments may also be feasible.
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As further used herein, the term “layer” may refer to an arbitrary covering of an arbitrary
substrate, specifically of a flat substrate. The layer may specifically have a lateral exten-
sion exceeding its thickness by at least a factor of 2, at least a factor of 5, at least a factor
of 10, or even at least a factor of 20 or more. The layer may be patterned or unpatterned.
As an example, the first and second conductive layers each, independently, may be unpat-
terned or each may be patterned such that the first conductive layer and/or the second con-

ductive layer comprises at least one contact pad.

As further used herein, the term “insulation layer” may refer to an arbitrary layer which
comprises or is at least partially, e.g. fully or partially, made of at least one insulating ma-
terial. The term “insulating material” may refer to an arbitrary material whose internal
electric charges do not flow freely, and therefore make it nearly impossible to conduct an
electric current under the influence of an electric field. Thus, the insulating material may
have higher resistivity than semiconducting materials or conducting materials. Specifically,
the insulation layer may comprise at least one material selected from the group consisting
of: a solder mask; a flexible solder mask; a varnish; an acrylic varnish, in particular NPR-
80 and/or ID100; a two-component acrylic varnish; a hardener, in particular PF10/ID36. In
a preferred embodiment, the insulation layer may comprise a flexible solder mask compris-
ing a two-component acrylic varnish, wherein a first component comprises NPR-80 and a
second component comprises ID100, and a hardener, wherein the hardener comprises

PF10/ID36. Further, the insulation layer may have a thickness of 15 um to 30 um.

The insulation layer may form a substrate for at least one of the first conductive layer, the
second conductive layer. The term “substrate” may refer to an arbitrary element which is
suitable to carry one or more other elements disposed thercon or therein. As an example,
the substrate may be a flat substrate, such as a substrate having a lateral extension exceed-
ing its thickness by at least a factor of 2, at least a factor of 5, at least a factor of 10, or
even at least a factor of 20 or more. The substrate specifically may have an elongated
shape, such as a strip-shape and/or a bar-shape. However, other embodiments may be fea-
sible. Further, the insulation layer may be an insulating carrier material layer. The term
“carrier material layer” may refer to an arbitrary layer which is configured to mechanically
support one or more components and/or one or more coatings disposed thereon. Specifical-
ly, the insulating carrier material layer may be configured to mechanically support the first
conductive layer, the second conductive layer and/or the electrical contact. Further, the
insulating carrier material layer may be configured to mechanically support further com-

ponents of the interconnect device such as further layers of the interconnect device.
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The terms “first conductive layer” and “second conductive layer” may be considered as
nomenclature only, without numbering or ranking the named elements, without specifying
an order and without excluding a possibility that several kinds of first conductive layers
and second conductive layers may be present. Further, additional conductive layers such as
one or more third conductive layers may be present. The term “conductive layer” may refer
to an arbitrary layer which comprises or is at least partially, e.g. fully or partially, made of
at least one conductive material. The term “conductive material” may refer to an arbitrary
material that allows a flow of an electrical current in one or more directions. Thereby, the
electrical current may be generated by a flow of negatively charged electrons, positively
charged holes, positive ions and/or negative ions. However, other embodiments may be
feasible. The first conductive layer and/or the second conductive layer may comprise at
least one material selected from the group consisting of: gold and carbon. The first conduc-
tive layer and the second conductive layer may comprise or may be of the same material.
The first conductive layer and/or the second conductive layer may have an electrical re-
sistance of 0.5 Ohm to 10 Ohm. In particular, the first conductive layer and the second
conductive layer may have the same electrical conductivity. The first conductive layer and

the second conductive layer may be inert towards potentials and/or currents applied.

The first conductive layer and/or the second conductive layer may have a thickness of 50
nm to 4 um, preferably of 100 nm to 3 um, more preferably of 200 nm to 2 um. Specifical-
ly, the thickness of the first conductive layer and the thickness of the second conductive

layer may be identical.

The first conductive layer and/or the second conductive layer may be applied onto the insu-
lation layer such that at least one coating is formed on at least one surface of the insulation
layer. The insulation layer may comprise polyimide. As further used herein, the term “coat-
ing” may refer to an arbitrary covering which is applied to at least one surface of an arbi-
trary object. The coating may cover the object completely or may only cover a part or parts
of the object. The coating may be applied by a coating process, such as a wet-chemical
coating, a printing process, a blade coating, a spraying process, a dispensing process, a
tampon-printing process, a galvanization process, a sputtering process, a vapor deposition

process, a screen printing process, a stencil printing process or the like.

The first conductive layer and/or the second conductive layer may be formed on at least
one surface of the insulation layer. The first conductive layer and/or the second conductive
layer may cover the surface completely or may only cover a part or parts of the surface.

Further, the first conductive layer and/or the second conductive layer may be formed as a
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continuous layer. Thereby, the continuous layer may be formed as one unit wherein the

continuous layer is at least to a large extent free from interruptions.

The first conductive layer and/or the second conductive layer may comprise gold. The in-
sulation layer may comprise polyimide. In a preferred embodiment, the first conductive
layer and/or the second conductive layer may be a gold layer and the insulation layer may
be a polyimide layer. The gold layer may be applied to the polyimide layer by a galvaniza-
tion process. In this case, a copper layer may be located between the polyimide layer and
the gold layer. The copper layer may serve as an adhesion promoter. Thus, the first con-
ductive layer and/or the second conductive layer may be completely or in sections separat-
ed from the insulation layer by the copper layer. Alternatively, the gold layer may be ap-
plied to the polyimide layer by a sputtering process and/or a vapor deposition process. In
this case, a palladium layer may be located between the polyimide layer and the gold layer.
The palladium layer may serve as an adhesion promoter. Thus, the first conductive layer
and/or the second conductive layer may be completely or in sections separated from the

insulation layer by the palladium layer.

The first conductive layer and/or the second conductive layer may comprise carbon. In
another preferred embodiment, the first conductive layer and/or the second conductive lay-
er may be a carbon layer and/or a carbon-comprising layer and the insulation layer may be
the polyimide layer. The carbon layer and/or the carbon-comprising layer may be applied
directly onto the polyimide layer, e.g. by a screen printing process and/or a stencil printing
process. In particular, the carbon layer may be applied as a carbon paste and the carbon-
comprising layer may be applied as a carbon-comprising paste.

As outlined above, the second conductive layer is separated from the first conductive layer
at least by the insulation layer. The term “being separated from* may refer to a property of
two or more arbitrary elements of being set apart, disconnected or dissociated from each
other. Thus, the two or more elements may be arranged in a distance to each other. Specifi-
cally, the two or more elements may not be in direct contact with each other. The first con-
ductive layer and the second conductive layer may be disposed on the insulation layer.
Specifically, the first conductive layer and the second conductive layer may be disposed on
the at least one surface of the insulation layer. The insulation layer may comprise at least
one first insulation layer surface and at least one second insulation layer surface, wherein
the first insulation layer surface and the second insulation layer surface may extend along a
direction of extension of the interconnect device and/or along the direction of extension of
the insulation layer. The direction of extension may specifically refer to a direction along a
longitudinal direction along a longitudinal axis and/or to a direction along a transverse axis

of the interconnect device. The first insulation layer surface may be located on a first insu-
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lation layer side of the insulation layer and the second insulation layer surface may be lo-
cated on a second insulation layer side of the insulation layer. Thus, the insulation layer
may be located between the first conductive layer and the second conductive layer. Specif-
ically, the insulation layer may be configured to act as a spacer between the first conduc-
tive layer and the second conductive layer. Thus, the first conductive layer and the second

conductive layer may be arranged in a distance to each other.

The term “side” may refer to a part of an arbitrary object, specifically to a surface of the
object, which forms an outside of the object. The side may exemplarily be separated from
other sides of the object by one or more edges and/or corners. However, other embodi-
ments may be feasible. Specifically, the objects may comprise a plurality of sides, ¢.g. two
or more sides, such as one or more front sides, reverse sides, top sides, bottom sides and/or
lateral sides. The terms “first insulation layer side” and “second insulation layer side” may
be considered as nomenclature only, without numbering or ranking the named elements,
without specifying an order and without excluding a possibility that several kinds of first
insulation layer sides and second insulation layer sides may be present. Further, additional
insulation layer sides such as one or more third insulation layer sides may be present. Fur-
ther, the terms “first insulation layer surface” and “second insulation layer surface” may be
considered as nomenclature only, without numbering or ranking the named elements,
without specifying an order and without excluding a possibility that several kinds of first
insulation layer surfaces and second insulation layer surfaces may be present. Further, ad-
ditional insulation layer surfaces such as one or more third insulation layer surfaces may be

present.

Moreover, the interconnect device may comprise at least one further layer. In particular,
the at least one further layer may be an electrically conductive layer. In particular, the in-

terconnect device may comprise at least 20, preferably at least 30 further layers.

As outlined above, the interconnect device comprises the at least one electrical contact.
The term “electrical contact” may generally refer to an arbitrary element such as an electri-
cal circuit component of an arbitrary electrical circuit which is configured to pass an elec-
trical current. As outlined above and as outlined in further detail below, the electrical con-
tact specifically may fully or partially be made of at least one electrically conductive paste.
The electrical contact specifically may extend over an edge of the insulation layer, thereby
electrically connecting a second side of the insulation layer, with the second conductive
layer, with a first side of the insulation layer, allowing to contact both the first layer and
the second layer from the first side, or, alternatively, the electrical contact may form a layer

on the side of the second conductive layer, extending laterally over the insulation layer,
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thereby allowing for electrically contacting the first conductive layer from the first side
and, further, also electrically contacting the second conductive layer from the first side, via

the layer of the electrical contact.

In case the electrical contact is electrically connected with a further electrical contact, the
electrical current may flow from the electrical contact to the further electrical contact or
vice versa. In case the electrical contact is separated from the further electrical contact by
an insulating gap such as air, vacuum or an insulating material, the electrical current is not
passed. As outlined above, the electrical contact comprises at least one electrical contact
material. The term “electrical contact material” may refer to an arbitrary material that al-
lows a flow of an electrical current in one or more directions. Thereby, the electrical cur-
rent may be generated by a flow of negatively charged electrons, positively charged holes,
positive ions and/or negative ions. However, other embodiments may be feasible. Thus, the
electrical contact material may also be referred to as “conductive material”. Specifically,
the electrical contact material may have an electric conductivity of at least 0.01 S/m, pref-
erably of at least 0.1 S/cm, more preferably of at least 1.0 S/cm and most preferably of at
least 100 S/cm. Exemplarily, the electrical contact material may comprise at least one ma-
terial selected from the group consisting of: silver, silver chloride and carbon. Specifically,
the electrical contact material may be copper-free. The electrical contact material may
comprise one or more components and all of the components or at least most of the com-
ponents may be completely or at least to a large extent free from copper and/or chemical

compounds comprising copper.

Specifically, the electrical contact material may comprise an electrically conductive paste
or may be applicable to the interconnect device as an electrically conductive paste, ¢.g. as
one or more of a silver paste, a silver chloride paste or a carbon paste. Specifically, the
electrical contact material may comprise or may be a dried electrically conductive paste.
The term “paste” may refer to an arbitrary viscous fluid. The term “viscosity”” may refer to
a resistance of an arbitrary fluid to a gradual deformation by shear stress or tensile stress.
Specifically, viscosity may be a property of the fluid which opposes a relative motion be-
tween at least two surfaces of the fluid which are moving at different velocities. Generally,
a fluid which has no resistance to shear stress may be known as an ideal or an inviscid flu-
id. Zero viscosity may only be observed at very low temperatures in superfluids. Thus, the
paste may refer to a heterogeneous mixture comprising at least one medium, specifically at
least one fluidic medium, as well as particles, specifically solid particles. The particles may
specifically be larger than one micrometer. Thus, the particles do not dissolve but get sus-
pended throughout a bulk of the fluid medium. The term “electrically conductive paste”

may refer to a paste which comprises at least one electrically conductive material. The
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electrically conductive material may specifically be provided as particles, specifically as
electrically conductive particles, which are dispersed within a fluidic medium. Thus, the
electrically conductive paste may comprise at least one of a suspension and a dispersion of
the electrical contact material. Specifically, the electrical contact material may be provided
as the conductive paste. The conductive paste may be applied on at least one part of at least
one of the first conductive layer, the insulation layer and the second conductive layer, as
will further be described below in more detail. Specifically, the first conductive layer, the
insulation layer and the second conductive layer may form at least one substrate and the
conductive paste is configured to be applied to at least one part of the substrate. The fluidic
medium of the conductive paste may be configured to evaporate completely or at least to a
large extent, specifically via one or more drying processes, and the electrically conductive
particles may form a film on the part of the substrate, specifically a continuous film.
Thereby, the continuous film may be formed as one unit wherein the continuous film is at
least to a large extent free from interruptions. Specifically, the continuous film may be
formed such that the electrically conductive particles are in electrical contact with each
other such that a flow of an electrical current in one or more directions is allowed. There-
by, the electrical current may be generated by a flow of negatively charged electrons, posi-
tively charged holes, positive ions and/or negative ions. However, other embodiments may
be feasible. Specifically, the electrically conductive particles may be in direct contact with

cach other, e.g. the electrically conductive particles may touch each other.

As outlined above, the electrical contact is electrically connected to the second conductive
layer. As further used herein, the term “electrically connected” may refer to a property of
two or more electrically conductive elements of being arranged relative to each other such
that a flow of an electrical current in one or more directions between the two or more elec-
trically conductive elements is allowed. Exemplarily, one element of the two or more elec-
trically conductive elements may be in direct contact with at least one further element of
the two or more electrically conductive elements. Specifically, the element and the further
element may touch each other. However, other embodiments may be feasible. Exemplarily,
the element and the further element may be arranged in a distance to each other, and an-
other electrically conductive object such as a third element may be arranged between the
element and the further element such that a flow of the electrical current is allowed be-
tween the element and the further element through or via the third element. Thus, the third
clement may also be referred to as linking element or connecting element. Specifically, the
electrical contact material may be in direct contact with at least one surface of the second

conductive layer.
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Exemplarily, the interconnect device may have at least one edge. The term “edge” may
refer to a line of an arbitrary object at which at least two surfaces of a solid object meet.
Specifically, the edge may refer to a type of line segment joining two vertices in a polygon,
polyhedron, or higher-dimensional polytope. In a polygon, the edge may refer to a line
segment on a boundary. In a polyhedron or more generally a polytope, an edge may refer
to a line segment where two surfaces meet. Specifically, the electrical contact material may
extend over the edge of the interconnect device. As further used herein, the term “extend-
ing over an edge® may refer to a property of an arbitrary element of covering an edge of
another object at least partially, e.g. fully or partially. Specifically, the element may cover
at least two surfaces of the object which meet at the edge and the element may cover the
edge as well. Specifically, the second conductive layer may be located on, e.g. disposed on
and/or attached to, the second insulation layer side of the insulation layer, the second insu-
lation layer side opposing the first insulation layer side. The electrical contact and the first
conductive layer both may be at least partially located on, e.g. disposed on and/or attached

to, the first insulation layer side.

The electrical contact material may be at least partially located on at least one insulation
layer surface of the insulation layer. Specifically, the insulation layer surface may comprise
the at least one first insulation layer surface and the at least one second insulation layer
surface as outlined above. The first insulation layer surface and the second insulation layer
surface may extend along the direction of extension of the interconnect device. Specifical-
ly, the first insulation layer surface and the second insulation layer surface may be parallel
to each other. The first conductive layer may cover the first insulation layer surface at least
partially. Further, the second conductive layer may cover the second insulation layer sur-
face at least partially. The term “covering” may refer to a condition of an arbitrary material

if being located on, disposed on and/or attached to a surface of an arbitrary object.

Further, the insulation layer may comprise at least one third insulation layer surface. The
third insulation layer surface may extend along a direction transverse, specifically perpen-
dicular, to the direction of extension of the interconnect device. Specifically, the third insu-
lation layer surface may refer to a narrow side of the insulation layer. The term “third insu-
lation layer surface” may be considered as nomenclature only, without numbering or rank-
ing the named element, without specifying an order and without excluding a possibility
that several kinds of third insulation layer surfaces may be present. Further, additional in-
sulation layer surfaces such as one or more fourth insulation layer surfaces may be present.
The electrical contact material may cover the third insulation layer surface at least partial-
ly, e.g. fully or partially. Specifically, the electrical contact material may form a continuous

film on the third insulation layer surface.
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The second conductive layer may cover the second insulation layer surface at least partial-
ly. Specifically, the second conductive layer may be fitted flush to the insulation layer.
Thereby, the second conductive layer may end with the second insulation layer surface.
Specifically, the second conductive layer may have a perpendicular second conductive
layer surface which extends transverse, specifically perpendicular, to the direction of ex-
tension of the interconnect device. The perpendicular second conductive layer surface may
be fitted flush to the third insulation layer surface. The perpendicular second conductive
layer surface and the third insulation layer surface may be arranged along a line, specifical-
ly along a straight line. The perpendicular second conductive layer surface and the third
insulation layer surface may form a narrow side of the interconnect device or may be part
of the narrow side of the interconnect device. Specifically, the electrical contact material

may cover the perpendicular second conductive layer surface at least partially.

Moreover, the electrical contact material may cover the first insulation layer surface at
least partially, preferably partially. The first conductive layer and the electrical contact
material may both cover the first insulation layer surface. Specifically, the first conductive
layer may cover a first section of the first insulation layer surface and the electrical contact
material may cover a second section of the first insulation layer surface. The first section
and the second section may specifically be distinct from each other, e.g. the first section
and the second section may refer to different sections or parts of the first insulation layer
surface. The first section and the second section be are arranged in a distance to each other.
Specifically, the first section and the second section may not overlap with each other or
touch each other. However, other embodiments may be feasible. Specifically, the first con-
ductive layer and the electrical contact material may be oriented relative to each other,
such that a gap is formed on the first insulation layer surface. The term “gap” may refer to
an empty space of an arbitrary object or between two or more arbitrary objects. Specifical-
ly, the gap may have or may be embodied as a recess or as a cavity of the object or be-
tween the two or more objects. Exemplarily, the gap may be formed at least by the first
insulation layer surface, at least one first conductive layer surface which is oriented trans-
verse, specifically perpendicular, to the direction of extension of the interconnect device,
and at least one electrical contact material surface of the electrical contact material which
is oriented transverse, specifically perpendicular, to the direction of extension of the inter-
connect device. The electrical contact material surface and the first conductive layer sur-
face may be parallel to each other. However, other embodiments may be feasible. The gap

has a rectangular shape, specifically a square shape.

As outlined above, the electrical contact is contactable from one side of the interconnect

device opposing the second conductive layer, such as relative to the insulation layer. The
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interconnect device may comprise at least one first interconnect device side and at least
one second interconnect device side. The terms “first interconnect device side” and “sec-
ond interconnect device side” may be considered as nomenclature only, without numbering
or ranking the named elements, without specifying an order and without excluding a possi-
bility that several kinds of first interconnect device sides and second interconnect device
sides may be present. Further, additional interconnect device sides such as one or more
third interconnect device sides may be present. The first interconnect device side may refer
to a side of the interconnect device which is at least partially covered by first conductive
layer and the second interconnect device side may refer to a side of the interconnect device
which is at least partially covered by the second conductive material. Thus, the electrical
contact may be contactable from the first interconnect device side. However, also other

embodiments may be feasible.

As outlined above, the electrical contact is provided micro-via free. The term “via”, also
referred to as vertical interconnect access, may refer to an arbitrary electrical connection
between layers in an electronic circuit such as an interconnect device or a printed circuit
board which goes through a plane of one or more adjacent layers. Specifically, a via may
comprise at least two pads in corresponding positions, ¢.g. in opposite positions, on differ-
ent layers of the interconnect device which may be electrically connected by a hole through
the interconnect device. The hole may be made conductive by electroplating, or may be
lined with a tube or a rivet. Further, the term “micro-via” may refer to a via in high-density
multi-layer printed circuit boards and may be configured to accommodate a high input
density and/or output density of advanced packages. The micro-via may be embodied as a
blind via and/or a buried via. The blind via may be exposed only on one side of the printed
circuit board. Further, the buried via may be configured to connect internal layers without
being exposed on either surface of the printed circuit board. The term “micro-via free” may
generally refer to a property of an arbitrary interconnect device such as a printed circuit
board of being completely or at least to a large extent free from vias, specifically micro-
vias, more specifically buried vias and/or blind vias. Thus, specifically, the interconnect
device may not comprise any vias, specifically micro-vias, more specifically buried vias

and/or blind vias.

As outlined above, the second part comprises the at least one electrical connector. The term
“electrical connector” may refer to an arbitrary electrical device configured for electrically
contacting another electrical device. As an example, the electrical connector may be or
may comprise one or more of an electrical contact pad, an electrical spring contact, an
electrical contact pin. Other types of electrical contact are feasible. The electrical connector

may be electrically contactable via soldering, wirebonding, flip chip mounting, or probe
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needles. However, other embodiments may be feasible. The electrical connector specifical-
ly may be comprised of a conductive material such as at least one metal. The electrical
connector may form an end portion of a conductive path or may be connected to an end
portion of a conductive path, specifically a conductive path applied to a substrate of the
second part. The electrical connector may have or may be a round or rectangular or round-
ed pad, specifically applied to the substrate of the second part. However, other embodi-
ments may be feasible. Additionally or alternatively, the electrical connector may comprise
a spring contact or a contact pin which may be pressed onto another electrical element,
such as onto the electrical contact, e.g. a surface area of electrically conductive paste, in
order to generate an electrical connection between the electrical connector and the electri-

cal element.

The term “mating” may refer to a process of connecting and/or linking two or more ele-
ments with each other. The two or more elements may be brought in close proximity to
cach other and may be attached, specifically fixedly attached, to each other such as via a
form-fit and/or force-fit connection. Exemplarily, the first part and the second part may be
attached to each other via at least one adhesive material. However, other embodiments may
be feasible. The electrical connector of the second part and the electrical contact may over-
lap in an overlap area of 1 mm” to 50 mn’, preferably of 5 mm” to 20 mm?® and most pref-
erably in an overlap area of 15 mm®. Additionally or alternatively, the electrical connector
may be or may comprise a spring contact or a contact pin which may be pressed onto the

electrical contact, ¢.g. onto a surface area of the electrical contact.

As outlined above, the second part is configured to mate with the first part and to establish
an electrical connection between the electrical contact pad of the second part and the first
conductive layer and to establish an electrical connection between the electrical connector
and the second conductive layer via the electrical contact. Thus, as discussed above, the
electrical connector may comprise at least one first electrical connector forming at least
one first electrical connection with the first conductive layer and may further comprise at
least one second electrical connector forming at least one second electrical connection with
the second conductive layer. The first and second electrical connections may be made from
the same side of the insulation layer, such as from the side of the insulation layer having

the first conductive layer.

The term “electrical connection” may refer to a connection between two or more electrical-
ly conductive elements such that a flow of an electrical current between the two or more
elements is allowed in one or more directions. Thus, the two or more elements may be in

electrical contact with each other.
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In a further aspect of the present invention, a method for manufacturing a medical device is
disclosed. The method comprises the method steps as given in the independent claims and
as listed as follows. The method steps may be performed in the given order. However, oth-
er orders of the method steps are feasible. Further, one or more of the method steps may be
performed in parallel and/or on a timely overlapping fashion. Further, one or more of the
method steps may be performed repeatedly. Further, additional method steps may be pre-

sent which are not listed.

The method comprises the following steps:

a)  providing at least one first part of the medical device, by providing at least
one insulation layer having at least one first conductive layer and at least
one second conductive layer disposed thereon, wherein the second conduc-
tive layer is separated from the first conductive layer at least by the insula-
tion layer;

b) providing at least one electrical contact, wherein the electrical contact com-
prises at least one electrical contact material, specifically at least one elec-
trically conductive paste or at least one light electrically conductive paste,
wherein the electrical contact is arranged such that it is contactable from a
side of the first part opposing the second conductive layer, wherein the elec-
trical contact is provided micro-via free;

c) clectrically connecting the electrical contact to the second conductive layer;

d) providing at least one second part of the medical device, the second part
having at least one electrical connector; and

¢)  mating the second part with the first part and establishing an electrical con-
nection between the electrical connector of the second part and the first
conductive layer and establishing an electrical connection between the elec-
trical connector and the second conductive layer via and the electrical con-

tact.

In step b), the electrical contact, such as the conductive paste, may be placed directly on
the insulation layer, specifically on one part of the insulation layer. Additionally or alterna-
tively, however, the electrical contact, e.g. a layer of the conductive paste, may also be
placed on at least one support surface of the medical device separate from the insulation

layer, thereby e.g forming the above-mentioned layer.

Specifically, the conductive paste may be placed on the part of the insulation layer such
that the conductive paste is in direct contact with the second conductive layer. Further, the

conductive paste may be placed on the part of the insulation layer such that the conductive
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paste covers the insulation layer at least partially. Moreover, the conductive paste may be
placed on the part of the insulation layer such that the conductive paste and the first con-
ductive layer are oriented relative to each other and such that a gap between the first con-
ductive layer and the conductive paste emerges. Further, the conductive paste may be
placed on the part of the insulation layer such that the conductive paste covers at least one
edge of the insulation layer at least partially. The conductive paste may be placed on the
part of the insulation layer such that the conductive paste covers the insulation layer at
least partially and such that the conductive paste covers the second conductive layer at
least partially, preferably at least one second conductive layer surface of the second con-
ductive layer which extends perpendicular to a direction of extension of the insulation lay-

Cr.

The conductive paste may comprise at least one material selected from the group consist-
ing of silver, silver chloride and carbon and the material may be dispersed in at least one
solvent, preferably at least one organic solvent. The solvent may be selected from the
group consisting of: diethylene glycol monobutyl ether; propanol; ethanol and tetrahydro-
furan. The conductive paste may specifically be centrifuged, preferably vacuum centri-
fuged, before the conductive material is applied to the interconnect device. Other mixing
procedures including mixing procedures using at least one stirrer and/or at least one stir-
ring process are feasible. The conductive paste may be applied via at least one dosing nee-
dle. However, other methods may be feasible.

Further, the method may comprise at least one drying step, wherein the conductive paste is
dried at least to a large extent. Thereby, the electrical contact material may be formed. The
drying step may be conducted in a drying cabinet. Exemplarily, the insulation layer may be
dried at a temperature of 50 °C to 100 °C, preferably of 70 °C to 90 °C, more preferably of
80 °C. Further, the insulation layer may be dried for 10 h to 48 h, preferably for 20 h to 36
h, more preferably for 24 h.

The method specifically may be performed such that, wherein, in steps b) and c), the elec-

trical contact is arranged such that it extends over at least one edge of the insulation layer.

Additionally or alternatively, as discussed above, the method specifically may be per-
formed such that in step b), the electrical contact is arranged such that it forms a layer,
such as a layer of conductive paste or a layer made by applying a conductive paste, e.g.
onto the support, specifically a flat support. In step c), the first part may be brought into

contact with the layer such that the second conductive layer electrically contacts the layer.
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The layer specifically may laterally extend over the insulation layer. Thus, as an example,
in a top view onto a first side of the insulating layer having the first conductive layer there-
on, at least one part of the layer formed by the electrical contact may be visible, protruding

from underneath the insulating layer.

This setup, with, in said top view, both the first conductive layer and the part of the layer
protruding from underneath the insulation layer being visible, both the first conductive
layer and the part of the layer protruding from underneath the insulation layer may be con-
tacted electrically by the electrical connector, even though these elements may be in differ-

ent depths in a cross-sectional view perpendicular through the insulation layer.

Thus, the at least one electrical connector of the second part may comprise a first electrical
connector. Step ¢) may comprise electrically contacting the first conductive layer with the
first electrical connector. Further, the at least one electrical connector of the second part
may comprise a second electrical connector. Step ¢) may comprise electrically contacting
the second conductive layer with the second electrical connector via a part of the layer ex-

tending laterally over the insulation layer.

The layer of the electrical contact, as discussed, may be formed by coating electrically
conductive paste onto at least one support. The at least one support, as an example, may
also be part of the medical device, such as of a holder or plug interconnecting an analyte
sensor with the medical device. As an example, the support may fully or partially be made

of an insulating material.

The proposed methods and devices provide many advantages over known devices and
methods. Commonly, vias, specifically micro-vias may be applied. This may lead to a
large number of manufacturing steps. Further, common medical devices may comprise
copper. Specifically, the vias may be made of or may comprise copper. However, elements
comprising copper may present a hazard for the user or the patient. On the contrary, the
medical device according to the present invention comprises the electrical contact. The
electrical contact may be provided and/or may be applied to the insulation layer compris-
ing the insulation layer, the first conductive layer and the second conductive layer, as a
conductive paste. The electrical contact may allow a double-sided contacting of the inter-
connect device, specifically of the printed circuit board. The conductive paste may enable a
provision of an electric contact on an upper side of the interconnect device, specifically of
the printed circuit board, with a micro-via free contaction of a bottom side located conduc-
tive layer. The electrical contact material may be copper-free. Further, the interconnect

device, e.g. elements of the interconnect device, may be copper-free. This may reduce the
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_25.-

hazard for the user or the patient. Further, a number of production steps may be reduced.

This may lead to decreased production costs and may decrease the production time.

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

ferred:

Embodiment 1: A medical device, wherein the medical device comprises:

at least one first part, wherein the first part comprises at least one intercon-
nect device, wherein the interconnect device comprises:
- at least one first conductive layer;
- at least one insulation layer; and
- at least one second conductive layer, wherein the second conductive
layer is separated from the first conductive layer at least by the insu-
lation layer;
at least one electrical contact, wherein the electrical contact comprises at
least one clectrical contact material, wherein the electrical contact is electri-
cally connected to the second conductive layer, wherein the electrical con-
tact is contactable from one side of the interconnect device opposing the
second conductive layer, wherein the electric contact is provided micro-via
free; and
at least one second part, wherein the second part comprises at least one elec-
trical connector, wherein the second part is configured to mate with the first
part and to establish an electrical connection between the electrical connect-
or of the second part and the first conductive layer and to establish an elec-
trical connection between the electrical connector and the second conductive

layer via the electrical contact.

Embodiment 2: The medical device according to the preceding embodiment, wherein the

electrical contact material comprises an electrically conductive paste or is applicable to the

interconnect device as an electrically conductive paste.

Embodiment 3: The medical device according to the preceding embodiment, wherein the

electrically conductive paste comprises at least one of a solution and a dispersion of the

electrical contact material.

Embodiment 4: The medical device according to any one of the preceding embodiments,

wherein the electrical contact material is copper-free.
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Embodiment 5: The medical device according to any one of the preceding embodiments,
wherein the electrical contact material comprises at least one material selected from the

group consisting of: silver, silver chloride and carbon.

Embodiment 6: The medical device according to any one of the preceding embodiments,
wherein the electrical contact material has an electric conductivity of at least 0.1 S/cm,

preferably of at least 1.0 S/cm and most preferably of at least 100 S/cm.

Embodiment 7: The medical device according to any one of the preceding embodiments,
wherein the electrical contact material is in direct contact with at least one surface of the

second conductive layer.

Embodiment 8: The medical device according to any one of the preceding embodiments,
wherein the interconnect device has at least one edge, wherein the electrical contact mate-

rial extends over the edge of the interconnect device.

Embodiment 9: The medical device according to the preceding embodiment, wherein the
first conductive layer is located on a first insulation layer side of the insulation layer,
wherein the second conductive layer is located on a second insulation layer side of the in-

sulation layer, the second insulation layer side opposing the first side.

Embodiment 10: The medical device according to the preceding embodiment, wherein the
electrical contact and the first conductive layer both are at least partially located on the first

insulation layer side.

Embodiment 11: The medical device according to any one of the preceding embodiments,
wherein the electrical contact material is at least partially located on at least one insulation

layer surface of the insulation layer.

Embodiment 12: The medical device according to the preceding embodiment, wherein the
insulation layer surface comprises at least one first insulation layer surface, at least one
second insulation layer surface and at least one third insulation layer surface, wherein the
first insulation layer surface and the second insulation layer surface extend along a direc-
tion of extension of the interconnect device, wherein the third insulation layer surface ex-
tends along a direction perpendicular to the direction of extension of the interconnect de-

vice.
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Embodiment 13: The medical device according to the preceding embodiment, wherein the

electrical contact material covers the third insulation layer surface at least partially.

Embodiment 14: The medical device according to any one of the two preceding embodi-
ments, wherein the second conductive layer covers the second insulation layer surface at

least partially.

Embodiment 15: The medical device according to any one of the three preceding embodi-
ments, wherein the second conductive layer is fitted flush to the insulation layer on at least

one edge of the interconnect device.

Embodiment 16: The medical device according to any one of the four preceding embodi-
ments, wherein the second conductive layer forms at least one perpendicular second con-
ductive layer surface which is oriented perpendicular to the direction of extension of the

interconnect device.

Embodiment 17: The medical device according to the preceding embodiment, wherein the

second conductive layer surface is fitted flush to the third insulation layer surface.

Embodiment 18: The medical device according to any one of the two preceding embodi-
ments, wherein the electrical contact material covers the perpendicular second conductive

layer surface at least partially.

Embodiment 19: The medical device according to any one of the seven preceding embod-
iments, wherein the first conductive layer covers the first insulation layer surface at least

partially.

Embodiment 20: The medical device according to any one of the eight preceding embodi-
ments, wherein the electrical contact material covers the first insulation layer surface at

least partially.

Embodiment 21: The medical device according to the preceding embodiment, wherein the
first conductive layer and the electrical contact material are oriented relative to each other,

such that a gap is formed on the first insulation layer surface.

Embodiment 22: The medical device according to the preceding embodiment, wherein the

gap is formed at least by the first insulation layer surface, at least one first conductive layer
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surface which is oriented perpendicular to the direction of extension of the interconnect
device, and at least one electrical contact material surface of the electrical contact material

which is oriented perpendicular to the direction of extension of the interconnect device.

Embodiment 23: The medical device according to the preceding embodiment, wherein the
electrical contact material surface and the first conductive layer surface are essentially par-

allel to each other.

Embodiment 24: The medical device according to any one of the two preceding embodi-

ments, wherein the gap has a rectangular shape, specifically a square shape.

Embodiment 25: The medical device according to any one of the preceding embodiments,
wherein the first conductive layer is at least partially located on the first insulation layer
surface, wherein the electrical contact material is partially located on the first insulation

layer surface.

Embodiment 26: The medical device according to any one of the preceding embodiments,
wherein the electrical contact forms a layer, wherein the first part is in contact with the
layer such that the second conductive layer electrically contacts the layer, wherein the layer
laterally extends over the first part, wherein the electrical connector of the second part
comprises at least one first electrical connector contacting the first conductive layer and
wherein the electrical connector further comprises at least one second electrical connector
contacting the second conductive layer via a part of the layer of the electrical contact ex-

tending laterally over the first part.

Embodiment 27: The medical device according to the preceding embodiment, wherein the
electrical connector of the second part comprises a plug, with the at least one first electrical
connector and the at least one second electrical connector being part of the plug and being
located next to cach other, wherein the first electrical connector and the second clectrical

connector electrically contact the first part from the same side.

Embodiment 28: The medical device according to any one of the two preceding embodi-
ments, specifically not in conjunction with the additional features of embodiments 9 or 10,
wherein the medical device comprises the following setup, in the given order:

- the layer of the electrical contact,

- the second conductive layer being in electrical contact with the layer of the

clectrical contact,
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- the insulation layer,

- the first conductive layer.

Embodiment 29: The medical device according to any one of the preceding embodiments,

wherein the interconnect device is a copper-free interconnect device.

Embodiment 30: The medical device according to any one of the preceding embodiments,

wherein the interconnect device is a circuit board, preferably a printed circuit board.

Embodiment 31: The medical device according to any one of the preceding embodiments,

wherein the interconnect device is a flexible interconnect device.

Embodiment 32: The medical device according to any one of the preceding embodiments,
wherein the first conductive layer and/or the second conductive layer have a thickness of

50 nm to 4 um, preferably of 100 nm to 3 um, more preferably of 200 nm to 2 pm.

Embodiment 33: The medical device according to any one of the preceding embodiments,
wherein the first conductive layer and/or the second conductive layer comprise at least one

material selected from the group consisting of: gold and carbon.

Embodiment 34: The medical device according to any one of the preceding embodiments,
wherein the first conductive layer and/or the second conductive layer have an electrical
resistance of 0.5 Ohm to 10 Ohm.

Embodiment 35: The medical device according to any one of the preceding embodiments,

wherein the insulation layer is an insulating carrier material layer.

Embodiment 36: The medical device according to any one of the preceding embodiments,
wherein the insulation layer forms a substrate for at least one of the first conductive layer,

the second conductive layer.

Embodiment 37: The medical device according to any one of the preceding embodiments,
wherein the insulation layer comprises at least one material selected from the group con-
sisting of: a solder mask; a flexible solder mask; a varnish; an acrylic varnish, in particular
NPR-80 and/or ID100; a two-component acrylic varnish; a hardener, in particular
PF10/ID36.



10

15

20

25

30

35

WO 2018/172349 30 PCT/EP2018/057007

Embodiment 38: The medical device according to any one of the preceding embodiments,

wherein the insulation layer has a thickness of 15 um to 30 um.

Embodiment 39: The medical device according to any one of the preceding embodiments,
wherein the first part is a sensor unit, wherein the second part is a sensor electronic unit,

specifically an evaluation unit.

Embodiment 40: The medical device according to the preceding embodiment, wherein the
sensor unit comprises at least one implantable sensor unit, wherein the implantable sensor
unit comprises at least one implantable portion configured for implantation into a body

tissue of a user.

Embodiment 41: The medical device according to the preceding embodiment, wherein the

medical device is configured for monitoring at least one body function of the user.

Embodiment 42: The medical device according to any one of the two preceding embodi-
ments, wherein the sensor unit comprises at least two sensor electrodes, wherein the at
least two sensor clectrodes are configured for electrochemically determining at least one

concentration of an analyte in the body tissue of the user.

Embodiment 43: The medical device according to any one of the preceding embodiments,
wherein the electrical connector of the second part and the electrical contact overlap in an
overlap arca of 1 mm® to 50 mm?, preferably of 5 mm” to 20 mm® and most preferably in

an overlap area of 15 mm”.

Embodiment 44: The medical device according to any one of the preceding embodiments,

wherein the interconnect device comprises at least one further layer.

Embodiment 45: A method for manufacturing a medical device, specifically a medical
device according to any one of the preceding embodiments, wherein the method comprises
the following steps:

a)  providing at least one first part of the medical device, by providing at least
one insulation layer having at least one first conductive layer and at least
one second conductive layer disposed therecon, wherein the second conduc-
tive layer is separated from the first conductive layer at least by the insula-

tion layer;
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b) providing at least one electrical contact, wherein the electrical contact com-
prises at least one electrical contact material, specifically at least one elec-
trically conductive paste or at least one light electrically conductive paste,
wherein the electrical contact is arranged such that it is contactable from a
side of the first part opposing the second conductive layer, wherein the elec-
trical contact is provided micro-via free;

c) clectrically connecting the electrical contact to the second conductive layer;

d) providing at least one second part of the medical device, the second part
having at least one electrical connector; and

¢)  mating the second part with the first part and establishing an electrical con-
nection between the electrical connector of the second part and the first
conductive layer and establishing an electrical connection between the elec-
trical connector and the second conductive layer via and the electrical con-

tact.

Embodiment 46: The method according to the preceding embodiment, wherein the electri-
cal contact material, specifically a conductive paste, is brought in direct contact with the

second conductive layer.

Embodiment 47: The method according to the preceding embodiment, wherein the electri-
cal contact material is placed on the insulation layer such that the conductive paste covers

the insulation layer partially.

Embodiment 48: The method according to any one of the two preceding embodiments,
wherein the electrical contact material is placed on a part of the insulation layer such that
the electrical contact material and the first conductive layer are oriented relative to each

other such that a gap between the first conductive layer and the conductive paste emerges.

Embodiment 49: The method according to any one of the three preceding embodiments,
wherein the electrical contact material is placed on the part of the insulation layer such that
the electrical contact material covers at least one edge of the insulation layer at least par-

tially.

Embodiment 50: The method according to any one of the four preceding embodiments,
wherein the electrical contact material is placed on the part of the insulation layer such that
the electrical contact material covers the insulation layer at least partially and such that the

electrical contact material covers the second conductive layer at least partially, preferably
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at least one second conductive layer surface of the second conductive layer which extends

perpendicular to a direction of extension of the insulation layer.

Embodiment 51: The method according to any one of the preceding method embodiments,
wherein the electrical contact material, specifically the conductive paste, comprises at least
one material selected from the group consisting of silver, silver chloride and carbon,
wherein the material is dispersed in at least one solvent, preferably at least one organic

solvent.

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

is selected from the group consisting of: diethylene glycol monobutyl ether.

Embodiment 53: The method according to any one of the preceding method embodiments,
wherein the conductive paste is centrifuged, preferably vacuum centrifuged, before the

conductive material is applied to the interconnect device.

Embodiment 54: The method according to any one of the preceding method embodiments,

wherein the conductive paste is applied via at least one dosing needle.

Embodiment 55: The method according to any one of the preceding method embodiments,
wherein, in steps b) and c), the electrical contact is arranged such that it extends over at

least one edge of the insulation layer.

Embodiment 56: The method according to any one of the preceding method embodiments,
wherein, in step b), the electrical contact is arranged such that it forms a layer, wherein, in
step c¢), the first part is brought into contact with the layer such that the second conductive
layer electrically contacts the layer, wherein the layer extends laterally over the insulation

layer.

Embodiment 57: The method according to the preceding embodiments, wherein the at least
one electrical connector of the second part comprises a first electrical connector, wherein
step ¢) comprises electrically contacting the first conductive layer with the first electrical
connector, wherein the at least one electrical connector of the second part further compris-
es a second electrical connector, wherein step ¢) comprises electrically contacting the sec-
ond conductive layer with the second electrical connector via a part of the layer extending

laterally over the insulation layer.
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Embodiment 58: The method according to any one of the two preceding embodiments,

wherein the layer of the electrical contact is formed by coating electrically conductive

paste onto at least one support, specifically onto at least one electrically insulating support.

Short description of the Figures

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

in the subsequent description of preferred embodiments, preferably in conjunction with the

dependent claims. Therein, the respective optional features may be realized in an isolated

fashion as well as in any arbitrary feasible combination, as the skilled person will realize.

The scope of the invention is not restricted by the preferred embodiments. The embodi-

ments are schematically depicted in the Figures. Therein, identical reference numbers in

these Figures refer to identical or functionally comparable elements.

In the Figures:

Figure 1

Figure 2

Figures 3A to 3C

Figures 4A to 4C

shows an exemplary embodiment of a medical device in a cross-

sectional view;

shows a first exemplary embodiment of a first part and the electrical
contact in a cross-sectional view, with the electrical contact reaching

over an edge;

show a second exemplary embodiment of a first part and an electri-
cal contact, with the electrical contact forming a plane layer under-
neath the first part, in a top view (Figure 3A) and in a cross-sectional
view (Figure 3B) as well as of an insulation layer of the first part in a

bottom view (Figure 3C); and

show an exemplary method for manufacturing a medical device.

Detailed description of the embodiments

Figure 1 shows an exemplary embodiment of a medical device 110 in a cross-sectional

view. The medical device 110 comprises at least one first part 112 and at least one second

part 114.
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Exemplarily, the first part 112 of the medical device 110 may be a sensor unit 116. The
sensor unit 116 may specifically be a transcutaneous sensor unit 118 configured for inser-
tion into a body tissue of a user or a patient. Therefore, the sensor unit 116 may comprise
at least one in vivo distal end 120 which may also be referred to as implantable portion
122, and at least one ex vivo proximal end 124. The ex vivo proximal end 124 may be con-

figured to stay outside of the body tissue.

The second part 114 may be a sensor clectronic unit 126, specifically an evaluation unit
128. The sensor electronic unit 126 may be adapted for processing data such as for acquir-
ing measurement values and, optionally, for fully or partially evaluating the measurement
values. The second part 114 comprises at least one electrical connector 130, preferably a
plurality of electrical connectors 130. The second part 114 is configured to mate with the
first part 112 and to establish an electrical connection between the electrical connector 130
of the second part 114 and the first conductive layer 146 of the first part 112, and to further
establish an electrical connection between the electrical connector 130 and the second con-
ductive layer 150 of the first part 112 via the electrical contact 132, as will be explained in
further detail below.

The second part 114 and at least parts of the first part 112, specifically the ex vivo proxi-
mal end 124 may be received in at least one housing 134. The housing 134 may comprise
at least one flat surface 136 configured for attachment to a skin site of the user or the pa-
tient. Therefore, the flat surface may specifically be an adhesive surface 138. The housing

134 may further have at least one through hole 140 for the sensor unit 116.

Figure 2 shows a first exemplary embodiment of the first part 112 in a cross-sectional
view. The first part 112 may correspond at least partially to the first part 112 according to
Figure 1. Thus, reference may be made to the description of Figure 1 above. It shall be
noted that in this first exemplary embodiment, the electrical connection takes place over an
edge. An alternative concept will be explained in further detail below, with respect and

with reference to Figures 3A to 4C.

The first part 112 comprises at least one interconnect device 142, specifically at least one
printed circuit board 144. The interconnect device 142 may specifically be copper-free.
The interconnect device 142 comprises at least one first conductive layer 146, at least one
insulation layer 148, at least one second conductive layer 150. Further, for contacting pur-
poses, the setup shown in Figure 2 comprises an electrical contact 132, the function of

which will be explained in further detail below.
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The insulation layer 146 may be made of at least one insulating carrier material layer 152
which may be configured to mechanically support the first conductive layer 146, the sec-
ond conductive layer 150 and, optionally, the electrical contact 132. The insulation layer
146 may fully or partially be made of an electrically insulating material and may, as an

example, have a thickness t; of 15 to 30 um.

The first conductive layer 146 and the second conductive layer 150, as an example, may be
or may comprise contact pads, disposed on opposing sides of the insulation layer 146. The
situation specifically may owe current in case the sensor unit 116, in the in vivo distal end
120 and/or the implantable portion 122, comprises electrodes such as a working electrode
and at least one further electrode (not shown in Figure 1) on opposing sides of the sensor
unit 116. In this case, as an example via conductive traces, at least one first electrode may
be contacted via the first conductive layer 146, and at least one second electrode located on
an opposing side of the sensor unit 116 may be contacted via the second conductive layer
150. In the setup shown in Figure 2, an electrical contacting of both the first conductive
layer 146 and the second conductive layer 150, by the electrical connector 130, may take
place from the upper side, i.e. from the side of the insulation layer 148 with the first con-
ductive layer 146 disposed thereon, i.c. from the same side. As discussed above, the con-
cept shown in Figure 2 is one alternative implementing the over-the-edge contacting of the

second conductive layer 150.

The first conductive layer 146 and the second conductive layer 150 may be applied onto
the insulation layer 146 such that at least one coating 154 is formed on at least one surface
156 of the insulation layer. The second conductive layer 150 is separated from the first
conductive layer 146 at least by the insulation layer 148. The insulation layer 148 may spe-
cifically comprise at least one first insulation layer surface 158 and at least one second
insulation layer surface 160, wherein the first insulation layer surface 158 and the second
insulation layer surface 160 may extend along a direction of extension 162 of the intercon-
nect device 142. The first insulation layer surface 158 may be located on a first insulation
layer side 164 of the insulation layer 148 and the second insulation layer surface 160 may
be located on a second insulation layer side 166 of the insulation layer 148. Thus, the insu-
lation layer 148 may be located between the first conductive layer 146 and the second con-
ductive layer 150. The first conductive layer 146 may have a thickness t; of 50 nm to 4 um

and the second conductive layer 150 may have a thickness t; of 50 nm to 4 pm.

The electrical contact 132 is provided micro-via free. The electrical contact 132 comprises
at least one electrical contact material 168. Exemplarily, the electrical contact material 168

may comprise at least one of silver, silver chloride and carbon. However, other embodi-
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ments may be feasible. Specifically, the electrical contact material 168 comprises an elec-
trically conductive paste or is applicable to the interconnect device 142 as an clectrically

conductive paste.

The electrical contact 132 is electrically connected to the second conductive layer 150.
Specifically, the electrical contact material 168 may be in direct contact with at least one
surface 170 of the second conductive layer 150 and may even overlap with the second
conductive layer 150. Specifically, the surface 170 may be a perpendicular second conduc-
tive layer surface 172 being oriented transverse, specifically perpendicular, to the direction
of extension 162.

Further, the interconnect device may have at least one edge 174 and the electrical contact
material 168 may extend over the edge 174 of the interconnect device 142. By extending
over the at least one edge 174, the second conductive layer 150 may be contacted, via the
electrical contact 132, from the same side as the first conductive layer 146, even though
these conductive layers 146, 150 are disposed on opposing sides, without the necessity of
providing vias within the insulation layer 148. Thus, from a manufacturing perspective,

vias are generally difficult and require additional manufacturing steps.

Specifically, the second conductive layer 150 may be located on the second insulation lay-
er side 166 of the insulation layer 148, the second insulation layer side 166 opposing the
first insulation layer side 164. The electrical contact 132 and the first conductive layer 146

both may be at least partially located on the first insulation layer side 164.

Further, the electrical contact material 168 may be at least partially located on at least one
insulation layer surface 156 of the insulation layer 148. Specifically, the insulation layer
surface 156 may comprise the first insulation layer surface 158 and the second insulation
layer surface 160. The first insulation layer surface 158 and the second insulation layer
surface 160 may extend along the direction of extension 162 of the interconnect device
142. The first conductive layer 146 may cover the first insulation layer surface 158 at least
partially. Further, the second conductive layer 150 may cover the second insulation layer
surface 160 at least partially. Further, the insulation layer 148 may comprise at least one
third insulation layer surface 176. The third insulation layer surface 176 may extend along
a direction 178 transverse, specifically perpendicular, to the direction of extension 162 of
the interconnect device 142. Specifically, the third insulation layer surface 176 may refer

to a narrow side 180 of the insulation layer 148.
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The second conductive layer 150 may cover the second insulation layer surface 160 at least
partially. Specifically, the second conductive layer 150 may be fitted flush to the insulation
layer 148. Specifically, the perpendicular second conductive layer surface 172 may be fit-
ted flush to the third insulation layer surface 176. The perpendicular second conductive
layer surface 172 and the third insulation layer surface 178 may form the narrow side 180
of the interconnect device 142. Specifically, the electrical contact material 168 may cover

the perpendicular second conductive layer surface 172 at least partially.

Moreover, the electrical contact material 168 may cover the first insulation layer surface
158 at least partially. The first conductive layer 146 and the electrical contact material 168
may both cover the first insulation layer surface 158. Specifically, the first conductive lay-
er 146 may cover a first section 182 of the first insulation layer surface 158 and the electri-
cal contact material 168 may cover a second section 184 of the first insulation layer surface
158. The first section 182 and the second section 184 may specifically be distinct from
cach other. Specifically, the first conductive layer 146 and the electrical contact material
168 may be oriented relative to each other, such that a gap 186 is formed on the first insu-
lation layer surface 158. The gap 186 may be formed at least by the first insulation layer
surface 156, at least one first conductive layer surface 188 which is oriented transverse,
specifically perpendicular, to the direction of extension 168 of the interconnect device 142,
and at least one electrical contact material surface 190 of the electrical contact material 168
which is oriented transverse, specifically perpendicular, to the direction of extension 162 of
the interconnect device 142. The electrical contact material surface 190 and the first con-
ductive layer surface 188 may be parallel to each other. The gap 186 may have a rectangu-

lar shape, specifically a square shape.

The electrical contact 132 is contactable from one side 192 of the interconnect device 142
opposing the second conductive layer 150. Particularly, the electrical contact 132 may be
contactable from one side 192 of the interconnect device 142 opposing the second conduc-
tive layer 150 relative to the insulation layer 148. Specifically, the interconnect device 142
may comprise at least one first interconnect device side 194 which is at least partially cov-
ered by first conductive layer 146 and at least one second interconnect device side 196
which is at least partially covered by the second conductive material 150. Thus, the electri-

cal contact 132 may be contactable from the first interconnect device side 194.

The concept of extending the electrical contact 132 over at least one edge 174 of the insu-
lation layer 148 is one potential concept for contacting both the first conductive layer 146
and the second conductive layer 150 from the same side, without providing a via within the

insulation layer 148. Figures 3A to 4C show an alternative concept in which, even though
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located in different depths of a layer setup, the first and second conductive layers 146, 150
may be contacted via an electrical contact 132, with the electrical contact 132 forming a
layer 167, extending laterally over the insulation layer 148. Therein, Figures 3A to 3C
show an exemplary setup of the first part 112 and the electrical contact 132, Figures 4A
and 4B show an implementation of the first part 112 and the electrical contact 132 into a
connector element 214 forming a support 215, and Figure 4B shows a contacting of the
setup of Figure 4B by the electrical connector 130, as also shown in Figure 1. Figures 4A
to 4C may also be used as an illustration of an exemplary embodiment for manufacturing
the medical device 110, specifically for interconnecting the first part 112 and the second
part 114.

Thus, Figure 3A shows a second exemplary embodiment of a first part 112, e.g. of the sen-
sor unit 116, in a top view, Figure 3B shows the first part 112 in a cross-sectional view and
Figure 3C shows a substrate 224 of the first part 112, formed by the insulation layer 148, in
a bottom view. The first part 112 specifically may correspond to the first part 112 accord-
ing to Figure 1.

In Figure 3A, a top view of the first part 112 is illustrated and in Figure 3B a cross-
sectional view of the first part 112 is shown. As discussed above in the context of Figure 2,
the sensor unit 116 may comprise electrodes on opposing sides of the insulation layer 148,
specifically in the in vivo distal end 120 and/or the implantable portion 122. These elec-
trodes, in Figures 3A and 3C, are denoted by reference numbers 200 and 208, respectively
and may form part of the first conductive layer 146 and the second conductive layer 150,
respectively. As an example, electrodes 200, 208 may comprise at least one working elec-
trode and at least one further electrode, e.g. at least one reference electrode and/or at least
one counter electrode. These electrodes may be contacted via conductive paths 202, 210,
which also form part of the first conductive layer 146 and second conductive layer 150,
respectively, disposed on a first side or first interconnect device side 194 of the insulation
layer 148, shown in Figure 3A, and on a second side or second interconnect device side
196 of the insulation layer 148, shown in Figure 3C. The conductive paths 202, 210 may
lead to contact pads 204, 205, disposed on the opposing first and second interconnect de-
vice sides 194, 196, respectively. These contact pads 204, 205 also form part of the first

and second conductive layers 146, 150, respectively.

In order to electrically contact both the first conductive layer 146 and the second conduc-
tive layer 150 from the same side, i.e. from the first interconnect device side 194, the elec-
trical contact 132 is provided. In this embodiment, the electrical contact 132 is embodied

as a layer 167 formed by an electrical contact material 168. As can be seen in Figure 3B,
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the electrical contact material 168 may form at least one electrical contact material surface
169 and the substrate 224 having the first conductive layer 146, the insulation layer 148
and the second conductive layer 150 may be located on top of the electrical contact materi-
al surface 169. The insulation layer 148 may form a substrate 224, which may partially
cover the electrical contact material surface 169, such that a free area 171 may be provided
which is not covered by the substrate 224 and is thus contactable for another element.
Thus, the layer 167 extends, laterally, over the insulation layer 148 and, thus, forms a por-
tion or free area 171, which may be contacted from the same side as the first conductive
layer 146. Since the layer 167 is in electrical contact with the second conductive layer 150,
by contacting the layer 167, an electrical contact may be established with the second con-
ductive layer 150, from the same side as for the first conductive layer 146, i.e. from the
first interconnect device side 194, as will be explained in further detail below with respect
to Figure 4C.

In Figure 3C, a reverse view of the substrate 224 is illustrated. The illustration as depicted
in Figure 3B refers to a sectional view of the illustration according to Figure 3C which is
illustrated with line A-A. Thus, the second interconnect device side 196 may have one or
more electrodes 208, one or more conductive paths 210 and one or more contact pads 205,
forming part of the second conductive layer 146. Specifically, as shown in Figure 3B, the
at least one contact pad 205 may be in direct contact with the electrical contact material

surface 169.

In Figures 4A to 4C an exemplary method for manufacturing a medical device 110 is
shown, using the second alternative embodiment of figures 3A to 3C. Therein, the first part
112, being embodied as a transcutaneous sensor unit 118, and the electrical contact 132 as
shown in Figures 3A to 3C is used. Thus, reference may be made to the description of Fig-
ures 3A to 3C above.

In a first step, as illustrated in Figure 4A, at least one connector element 214 may be pro-
vided, which functions as a support 215. The support 215, as an example and as shown in
Figure 1 above, specifically may be part of a body mount and may be configured for hold-

ing the sensor unit 116.

The connector element 214 may be made of at least one thermoplastic polymer such as
acrylonitrile butadiene styrene (ABS). The connector element 214 may comprise at least
one receptacle 216, ¢.g. having a round shape. Further, the connector element 214 may
comprise at least one sealing ring 218 which surrounds the receptacle 216. Thus, specifi-

cally, the connector element 214 may fully or partially be embodied as a watertight plug,
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which may made with a corresponding connector of the sensor electronics unit 126, as

shown in Figure 1.

The method firstly comprises providing the at least one electrical contact 132. In this case,
this electrical contact 132 is provided by disposing the electrical contact material 168 onto
a supporting surface 220 of the receptacle 216. As an example, at least one conductive
paste 222 may be placed onto the at least one supporting surface 220 of the receptacle 216.
Specifically, the conductive paste may comprise silver, silver chloride and carbon which
may be diluted with diEthylene gGlycol monobutyl ether (DEGMBE). The conductive
paste 222 may be dosed e.g. via a dosing needle such as a precision tips 25GA and a sy-
ringe, specifically a 2.5 ml syringe. Thereafter, the conductive paste 222 may be dried in a
drying cabinet for 24 h at a temperature of 80 °C and, thus, the electrical contact 132 may
be formed.

Thereafter, in a further step, as also illustrated in Figure 4B, the second part 112 may be
provided. Thus, the insulation layer 148 forming the substrate 224 may be provided, as
discussed above in the context of Figures 3A to 3C, with the second interconnect device
side 196 (not visible in this Figure) facing the electrical contact 132. Thus, an electrical
connection is formed between the contact pads 204 disposed on the second interconnect
device side 196 and the electrical contact 132. Since, as visible in Figure 4B, the layer 176
laterally protrudes over the substrate 224 and forms the portion of the free area 171, the top
view shown in Figure 4B exhibits three independently contactable portions: firstly, the free
arca 171, which is electrically connected to the second conductive layer 150 and to the
contact pads 205, and, secondly and thirdly, the contact pads 204 which forms part of the
first conductive layer 146.

In Figure 4C, finally, a step of providing at least one second part 114 having the at least
one clectrical connector 130 as well as a step of making the second part 114 with the first
part 112 is shown. This step, as an example, may take place when the sensor electronics
unit 126 and/or evaluation unit 128 is put in place in Figure 1. Figure 4C shows a cross-
sectional view along line A-A in Figure 4B.

Thus, as shown therein, the electrical connector 130 comprises, in this embodiment with
two contact pads 204, two first electrical connectors 226 which, as an example, are embod-
ied as contact pins pressed onto the contact pads 204 of the first conductive layer 146 on
the first interconnect device side 194. On the opposing side, the second interconnect device
side 196, as outlined above, the contact patch 205 of the second conductive layer 150 is in

the electrical contact with the layer 167 of the electrical contact 132. As an example, the
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contact pins and/or other types of contact of the first electrical connector 226 may be used
for pressing the first part 112, with the contact pads 205, onto the layer 167. The electrical
connector 130 further comprises at least one second electrical connector 228 which, as an
example, may also be embodied as a contact pin. The second electrical connector 228 con-
tacts the layer 167 in the free arca 171. Consequently, both the contact pads 204 and the
contact pad 205, even though disposed on opposing sides 194, 196, may be contacted from
the same side, i.e. from side 194 in this setup. No micro-vias are required. The electrical
connector 130, as an example, may also comprise other types of spring contacts. The sec-
ond electrical connector 228, as an example, may be slightly longer as compared to the
first electrical connectors 226, since the distance between the second part 114 and the layer
167 is slightly larger than the distance between the second part 114 and the contact pads
204.
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Claims

A medical device (110), wherein the medical device (110) comprises:

e at least one first part (112), wherein the first part (112) comprises at least
one interconnect device (142), wherein the interconnect device (142) com-
prises:

- at least one first conductive layer (146);

- at least one insulation layer (148); and

- at least one second conductive layer (150), wherein the second con-
ductive layer (150) is separated from the first conductive layer (146)
at least by the insulation layer (148);

e at least one eclectrical contact (132), wherein the electrical contact (132)
comprises at least one electrical contact material (168), wherein the electri-
cal contact (132) is electrically connected to the second conductive layer
(150), wherein the electrical contact (132) is contactable from one side
(192) of the interconnect device (142) opposing the second conductive layer
(150), wherein the electrical contact (132) is provided micro-via free; and

e at least one second part (114), wherein the second part (114) comprises at

least one electrical connector (130), wherein the second part (114) is config-
ured to mate with the first part (112) and to establish an electrical connection
between the electrical connector (130) of the second part (114) and the first
conductive layer (146) and to establish an electrical connection between the
electrical connector (130) and the second conductive layer (150) via the elec-
trical contact (132).

The medical device (110) according to the preceding claim, wherein the electrical
contact material (168) comprises an electrically conductive paste (222) or is applica-

ble to the interconnect device (142) as an electrically conductive paste (222).

The medical device (110) according to any one of the preceding claims, wherein the

electrical contact material (168) is copper-free.

The medical device (110) according to any one of the preceding claims, wherein the
electrical contact material (168) comprises at least one material selected from the

group consisting of silver, silver chloride and carbon.
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The medical device (110) according to any one of the preceding claims, wherein the
interconnect device (142) has at least one edge (174), wherein the electrical contact
material (168) extends over the edge (174) of the interconnect device (142).

The medical device (110) according to the preceding claim, wherein the first conduc-
tive layer (146) is located on a first insulation layer side (164) of the insulation layer
(148), wherein the second conductive layer (150) is located on a second insulation
layer side (166) of the insulation layer (148), the second insulation layer side (166)
opposing the first side (164), wherein the electrical contact (132) and the first con-
ductive layer (146) both are at least partially located on the first insulation layer side
(164).

The medical device (110) according to any one of the preceding claims, wherein the
electrical contact (132) forms a layer (167), wherein the first part (112) is in contact
with the layer (167) such that the second conductive layer (150) electrically contacts
the layer (167), wherein the layer (167) laterally extends over the first part (112),
wherein the electrical connector (130) of the second part (114) comprises at least one
first electrical connector (226) contacting the first conductive layer (146) and where-
in the electrical connector (130) further comprises at least one second electrical con-
nector (228) contacting the second conductive layer (150) via a part (171) of the lay-
er (167) of the electrical contact (132) extending laterally over the first part (112).

The medical device (110) according to the preceding claim, wherein the electrical
connector (130) of the second part (114) comprises a plug, with the at least one first
electrical connector (226) and the at least one second electrical connector (228) being
part of the plug and being located next to each other, wherein the first electrical con-
nector (226) and the second electrical connector (228) electrically contact the first
part (112) from the same side.

The medical device (110) according to any one of the two preceding claims, wherein

the medical device (110) comprises the following setup, in the given order:

- the layer (167) of the electrical contact (132),

- the second conductive layer (150) being in electrical contact with the layer
(167) of the electrical contact (132),

- the insulation layer (148),

- the first conductive layer (146).
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12.

13.
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A method for manufacturing a medical device (110), specifically a medical device
(110) according to any one of the preceding claims, wherein the method comprises
the following steps:

a)  providing at least one first part (112) of the medical device (110), by provid-
ing at least one insulation layer (148) having at least one first conductive
layer (146) and at least one second conductive layer (150) disposed thereon,
wherein the second conductive layer (150) is separated from the first con-
ductive layer (146) at least by the insulation layer (148);

b) providing at least one electrical contact (132), wherein the electrical contact
(132) comprises at least one electrical contact material (168), wherein the
electrical contact (132) is arranged such that it is contactable from a side
(192) of the first part (112) opposing the second conductive layer (150),
wherein the electrical contact (132) is provided micro-via free;

c) clectrically connecting the electrical contact (132) to the second conductive
layer (150);

d) providing at least one second part (114) of the medical device (110), the
second part (114) having at least one electrical connector (130); and

¢) mating the second part (114) with the first part (112) and establishing an
electrical connection between the electrical connector (130) of the second
part (114) and the first conductive layer (146) and establishing an electrical
connection between the electrical connector (130) and the second conduc-

tive layer (150) via the electrical contact (132).

The method according to the preceding claim, wherein, in steps b) and c), the electri-
cal contact (132) is arranged such that it extends over at least one edge (174) of the

insulation layer (148).

The method according to any one of the preceding method claims, wherein, in step
b), the electrical contact (132) is arranged such that it forms a layer (167), wherein,
in step c), the first part (112) is brought into contact with the layer (167) such that the
second conductive layer (150) electrically contacts the layer (167), wherein the layer

(167) extends laterally over the insulation layer (148).

The method according to the preceding claim, wherein the at least one electrical con-
nector (130) of the second part (114) comprises a first electrical connector (226),
wherein step ¢) comprises electrically contacting the first conductive layer (146) with

the first electrical connector (226), wherein the at least one electrical connector (130)
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of the second part (114) further comprises a second electrical connector (228),
wherein step ¢) comprises electrically contacting the second conductive layer (150)
with the second electrical connector (228) via a part (171) of the layer (167) extend-

ing laterally over the insulation layer (148).

The method according to any one of the two preceding claims, wherein the layer
(167) of the electrical contact (132) is formed by coating electrically conductive

paste (222) onto at least one support (215).
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