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FIG. 3

(57) Abstract: An electronic component comprises a carrier (3), a sensor device (2) mounted on the carrier (3), which sensor device
(2) comprises a sensor chip (21), and an electrostatic discharge protection element (1) for protecting the sensor chip (21) from an
electrostatic discharge, which protection element (1) is mounted on the carrier ( 3).
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SENSOR CHIP WITH ELECTROSTATIC DISCHARGE
PROTECTION ELEMENT

Technical Field

The present idea refers to an electronic com-
ponent and to a method for manufacturing an electronic

component.

Background Art

Subject to the application, sensors tend to
be integrated into sensor chips in today’s world of min-
iaturization. This kind of manufacturing is beneficial in
that the size of a sensor device can significantly be re-
duced compared to a discrete type sensor and a sensing
element of such a sensor can be arranged next to elec-
tronic circuitry integrated into the very same sensor
chip which circuitry may include functions acting on a
signal delivered by the sensing element such as amplifi-

cation, evaluation, etc.

Disclosure of the Invention

It is a general object of the invention to
provide an electronic component including a sensor device
with an improved electrostatic discharge protection.

An electronic component according to the fea-
tures of claim 1 comprises, and a method for manufactur-
ing an electronic component according to claim 28 makes
use of a sensor device which sensor device comprises a
sensor chip. The sensor chip preferably is a semiconduc-
tor chip comprising a semiconductor substrate such as a
silicon substrate, and preferably comprising a sensing
element, for example sensitive to one or more of a chemi-
cal analyte, humidity, a flow of a fluid, a pressure,

light or temperature. The sensor chip may, or may not
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comprise integrated circuitry connected to the sensing
element.

The sensor device may in one embodiment con-
sist of the sensor chip, while in a different embodiment,
the sensor device may in addition to the sensor chip com-
prise a package, such that the sensor device is repre-
sented by a packaged sensor chip. In a further embodiment
the sensor device may comprise the sensor chip and addi-
tionally a cap substrate, for example. Preferably, and in
particular in case the sensor chip is embodied for sens-
ing an environmental measure such as humidity, a gas or
pressure, the electronic component provides an access
opening for allowing the medium to be measured to access
the sensing element,

The sensor device is arranged on a carrier.
The carrier supports the sensor device, and possibly one
or more other elements, such as an IC, discrete electri-
cal elements, a plug, etc. The carrier may be one of a
printed circuit board, either in a non-flexible or in a
flexible form, a ceramic circuit board, or a different
kind of a circuit board allowing the elements carried to
be electrically interconnected.

The sensor device - and in particular its
sensor chip - may be exposed to an electrostatic dis-
charge from the environment which may damage the sensor
chip. In order to prevent such damage, an electric dis-
charge protection element - in short: protection element
- 1s arranged on the carrier. This protection element
provides for an effective protection of the sensor chip
from such electric discharge.

In particular, if the sensor device itself
does not include any electric discharge protection, the
present approach allows for a still effective protection
without the necessity to amend the design of the sensor
device, and in particular the sensor chip. Hence, in one

embodiment the protection element can be considered as a
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retrofit solution for protecting a sensor device origi-
nally lacking of an electric discharge protection.

In a very preferred embodiment, the protec-
tion element is an electrically conductive structure, and
in particular is a metallic structure. The protection el-
ement may be punched from a sheet of metal, and be folded
thereafter to the desired final shape. The material of
the protection element in one embodiment is tinned
bronze.

The protection element preferably is physi-
cally separated from the sensor chip, and preferably is
also separated from the sensor device, such that there is
no mechanical link there between other than via the car-
rier, of course, and, if applicable, by a common encapsu-
lation. By this means, an efficient protection is real-
ized by allowing an electric discharge being trapped by
the protection element and being electrically isolated
from the sensor chip. Preferably, a minimum distance be-
tween the protection element and the sensor device is 0.1
mm. This is beneficial in preventing flash-arcs.

In case of the carrier being a circuit board
comprising circuit paths, it is preferred that the cir-
cuit board also comprises a contact, and preferably a
contact pad for a ground connection, and preferably for
ground connecting the electronic component. The protec-
tion element preferably is electrically connected to this
contact for draining any electric discharge trapped to
ground. The circuit board may include an electrically
conducting path between the ground contact and the pro-
tection element.

In a preferred embodiment, the protection el-
ement exceeds the sensor device in height. Hence, the
protection element is more attractive to trap an electric
discharge than the sensor chip and/or the sensor device,
respectively.

In one embodiment, the protection element

comprises, and preferably consists of a rod including a
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single terminal mounted on the carrier. In a very pre-
ferred embodiment, such protection element includes a
portion extending into a space above the sensor device.

In a different embodiment, the protection el-
ement comprises a bridging structure including at least
two, and preferably one of exactly two, three or four
terminals resting on the carrier. Such protection element
spans the sensor device at a distance. Such arrangement
favors the trapping of electrical discharges. In addi-
tion, such protection element offers an enhanced mechani-
cal stability given that the at least two of its termi-
nals rest on the carrier. In a different embodiment, the
bridging structure not only spans the sensor device but
also one or more other chips in case such chips being
present on the carrier.

In a preferred embodiment, the sensor device
is configured to sense a parameter of the environment,
such as a flow of a fluid, light, temperature, gas, hu-
midity, or pressure. In such example, a sensing element
may be arranged on or integrated at a front side of the
sensor chip which front side faces away from the carrier
when the sensor chip is mounted onto the carrier.

In many of the above applications, the sens-
ing element requires an access to the environment for
performing a sensing of the desired environmental varia-
ble. If in such case the sensor device comprises a pack-
age in addition to the sensor chip, the package prefera-
bly includes an access opening for allowing access to the
sensing element. Preferably, the package of the sensor
device protects the sensor chip from mechanical impact
and/or light, and may seal the chip against an undesired
impact of liquids or gases. In a preferred embodiment,
the package may cover at least parts of the sensor chip
in form of an encapsulation, e.g. in form of a mold com-
pound. The material used may preferably be a resist, in
particular a dry resist, for example SU-8. Or, the pack-

age may be an element formed separate from the chip and
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may be attached to the chip later on, for example, by
gluing, bonding, etc. Here, the package may be a silicon-
on-insulator, or other semiconducting layer arrangement.
The package may be made from one of a semiconductor, sil-
icon, silicon and a silicon-oxide coating, silicon and a
solderable coating, ceramic, ceramic and a silicon-oxide
coating, ceramic and a solderable ccating, glass, glass
and a silicon-oxide coating, glass and a solderable coat-
ing, metal, metal and a solderable coating, dielectric
material and a polymer.

In such sensor device, the sensor chip typi-
cally is arranged on a support such as a leadframe, which
leadframe includes a die pad for arranging the sensor
chip on, and contact pads electrically connected to the
sensor chip, e.g. by means of bond wires. The encapsula-
tion partly encapsulates the chip except for the access
opening, and partly encapsulates the leadframe, e.g. ex-
cept for the contact pads and/or the die pads. The access
opening may take the form of a recess in the package
thereby exposing the sensitive element to the outside
world. If in such case the protection element has the
shape of a bridging structure and at least partly bridges
the sensor device, it is desired that the bridging struc-
ture is designed in geometry and arranged relative to the
sensor device such that on the one hand an effective
electric discharge protection is realized, and that on
the other hand a sensing function of the sensor chip is
not impaired by the protection element. In a preferred
embodiment, the bridging structure spans an area of a top
surface of the sensor device that is between a third and
half of the entire top surface of the sensor device.

Preferably, the sensor device has a rectangu-
lar footprint owed to a typical rectangular footprint of
the sensor chip diced out of a wafer. The sensor device
preferably has contact pads exposed at least at a bottom

surface of the sensor device, and preferably at edges of
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the sensor device. In case the sensor device only pro-
vides contact pads along two opposing edges of its foot-
print - also referred to as first pair of edges - such
sensor device may also be referred to as DFN (Dual-Flat
No-Leads). In case the sensor device provides contact
pads along all edges of its footprint such sensor device
may also be referred to as QFN (Quad-Flat No-Leads).

It is preferred, that such sensor device is
SMD-mounted (Surface Mounted Device) to the carrier. The
carrier shows contact pads being prepared with a contact
material such as a sclder paste prior to the sensor de-
vice being placed onto the carrier. After having placed
the sensor device onto the carrier with its contact pads
being aligned with the contact pads of the carrier and
hence being deposited onto the solder paste, the electri-
cal connections are established by heating the solder
paste. In such scenario, it is preferred that solder
joints remain optically inspectable, and preferably auto-
matically optically inspectable, for verifying the elec-
trical connection between the sensor device and the car-
rier.

Taking the desire for an automated optical
inspection of the electrical connections into account, it
is preferred that the bridging structure is arranged on
the carrier such that it does not affect the automated
optical inspection of the electrical connections. Hence,
in case of a DFN package with contact pads arranged along
the first pair of edges, it is preferred that the termi-
nals of the bridging structure are arranged facing the
sensor device at a second pair of opposed edges of its
rectangular footprint. However, in a different embodi-
ment, the sensor device may be represented by a QFN pack-
age even if optical inspection accessibility to two edges
of the sensor device is limited owed to the arrangement
of the bridging structure protection element.

While in one embodiment of the present inven-

tion - and provided the sensor chip has a rectangular
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footprint - the bridging structure is arranged to bridge
the sensor device in parallel to one of a longitudinal or
lateral extension of the sensor chip, in a different em-
bodiment, the bridging structure is arranged to bridge
the sensor device diagonally.

In a different embodiment of the present in-
vention, however, still including the bridging structure
as protection element, such bridging structure is ar-
ranged not to bridge the sensor device. Instead, the
bridging structure is arranged next to the sensor device
and/or the sensor chip respectively. In order to provide
an effective electric discharge protection, it is pre-
ferred that a maximum distance between the bridging
structure and the sensor device is 5 mm.

In a preferred embodiment, the protection el-
ement is a multi-use element. The protection element not
only serves as an electric discharge protection element,
but can also be used for mounting a housing to the car-
rier. In particular when the protection element is embod-
ied as a bridging structure, the protection element in
combination with a mounting element of the housing pro-
vides for a fixture for the housing. The mounting element
on the housing side may include one or more clamps which
are clamped to the protection element thereby securing
the housing to the carrier. The housing may protect the
sensor device and/or any further electronics from mechan-
ical and/or fluid impact. The housing preferably is made
from plastics and in a mounted state is clamped to the
bridging structure.

In a different class of embodiments, the sen-
sor device and the protection element each are partly en-
capsulated by the same encapsulation. This embodiment
preferably refers to the sensor device including a pack-
aged sensor chip including the package and an access
opening in the package. Preferably, this class of embodi-
ments does not apply to a sensor device consisting of a

bare semiconductor chip. However, it could apply to a
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capped semiconductor chip, e.g. capped by a silicon or
other type cap.

Accordingly, in case of a sensor device in-
cluding a packaged sensor chip, it is preferred that the
encapsulation is applied after the sensor device and the
protection element are arranged on the carrier such that
the encapsulation at least partly encapsulates the sensor
device and the protection element each, in view of the
sensor device comprising the access opening in its pack-
age which preferably is not encapsulated by the encapsu-
lation. On the other hand, at least a portion of the pro-
tection element remains uncovered from the encapsulation,
and hence exposed in order to trap electrical charges.
With respect to the sensor device, the encapsulation
hence may encapsulate the package, however, e.g. leaving
the access opening in the package uncovered. Hence, the
encapsulation preferably also comprises an ingress via
which ingress access to the sensor chip is granted. Ac-
cordingly, a medium to be measured may reach a sensing
element of the sensor chip through the ingress of the en-
capsulation and through the access opening of the pack-
age. Accordingly, it is preferred that the access opening
in the package and the ingress in the encapsulation are
aligned, or at least are connected in order to allow the
supply of the medium towards the sensing element. Given
that the encapsulation is applied to the arrangement con-
taining the sensor device and the protection element both
attached to the carrier, it is preferred that the encap-
sulation also partly encapsulates the carrier.

The encapsulation may protect the sensor de-
vice, and also the protection element.

Preferably, the encapsulation is created by a
molding process, and specifically by one of

- injection molding;

- low pressure injection molding;

- transfer molding;
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in all of which processes a molding compound is inserted
into a mold, preferably in a liquid or a low viscosity
state, and solidifies thereafter as encapsulation.

Most preferably, the encapsulation is created
by a hotmelt molding or potting process representing a
low pressure injection molding process. The hotmelt,
which preferably is a thermoplastic adhesive, preferably
is injected into the mold in a molten state and solidi-
fies thereafter. The hotmelt may be one of Polyurethane,
Polyamide, Polyolefine, Ethylen-Copolymere,
Blockcopolymere or Polyester. This processing is pre-
ferred in that the sensor device is exposed to less heat
and to less pressure than in injection molding. Prefera-
bly, in hotmelt molding the mold remains at room tempera-
ture while the molten hotmelt preferably is injected into
the mold at a temperature in a temperature range between
130° C and 180° C for a Polyurethane based hotmelt, and
at a temperature in a temperature range between 180° C
and 240° C for a Polyamide based hotmelt. A temperature
at the devices to be molded remain significantly below
these temperatures in view of the hotmelt cooling down
immediately when meeting the device and acting as a ther-
mal insulator while at the same time the mold acts as a
heat sink. However, this molding process still offers a
desired low viscosity of the hotmelt at reasonable tem-
peratures. One of the advantages is that owed to the
lower pressure the hotmelt is injected into the mold -
i.e. at pressures between 5 bar and 40 bar, compared to
pressures of 100 bar to 1000 bar in injection molding -
usage of an elastic film protecting structures during
molding can be avoided. In case a cable e.g. is mounted
or connected to the carrier, the hotmelt preferably
partly encapsulates the cable and / or preferably the
electrical connection between the cable and the carrier,
too. Hence, the hotmelt can act as a protection element
for the cable as well as any electrical or mechanical

connection between the cable and the carrier. Since the



10

15

20

25

30

35

WO 2017/137325 PCT/EP2017/052404

solidified hotmelt still is a rather soft, it can react
flexible on movement of the cable. In case the hotmelt
adheres to the cable, it can absorb any tension or tor-
sion stress acting on the cable.

It is explicitly noted in this context that
encapsulating the arrangement by a hotmelt is considered
as a variant of molding given that for the subject pur-
pose a mold is provided into which the material to be
molded is injected / filled into.

In contrast, it is preferred that the package
of the sensor device is manufactured by injection or
transfer molding. Accordingly, it is preferred that dif-
ferent molding processes are applied sequentially for
building the package first and the encapsulation thereaf-
ter. Transfer molding preferably makes use of a duroplast
(Epoxide) as mold compound, which may be injected into
the mold by a pressure up to a maximum of 100 bar. Injec-
tion molding is widely known and makes use of pressures
up to 400 bar.

In case the protection element shows a bridge
structure and rests on the carrier with at least two ter-
minals while a horizontal portion of the protection ele-
ment bridges the access opening of the sensor device, it
is preferred that such protection element alsc bridges
the ingress. Accordingly, the horizontal portion of the
bridges structure preferably extends above the access
opening of the sensor device while it spans the ingress
thereby, e.g. emerging from side walls of the encapsula-
tion defining the ingress. In a different embodiment, the
protection element may protrude from a top surface of the
encapsulation and extends above the ingress.

The same holds in case the protection element
is represented by single terminal element such as a rod.
Such protection element may either emerge from a side
wall of the encapsulation defining the ingress and reach
into the ingress, or may emerge from a top surface of the

encapsulation and be formed so as to reach into the space

10
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above the ingress. This may be achieved either by a pre-
bent protection element, or by bending the protection el-
ement after having applied the encapsulation. In a third
alternative, the protection element may be bent by the
mold used for encapsulating the sensor device, e.g. in
response to closing the mold.

In case the protection element is of a bridge
structure, a horizontal portion of the bridge spanning
the ingress and the access opening may alsoc be attributed
a function during manufacturing the encapsulation: A part
of the mold, and specifically a plunger used for forming
the ingress, preferably needs to cover the access opening
of the sensor device to prevent molding compound or other
contamination to access the sensor chip. However, the
horizontal portion of the bridge structure may be ar-
ranged distant from the top surface of the sensor device
and hence, distant from the access opening. Accordingly,
it is preferred that the plunger not only rests on the
horizontal portion of the protection element during mold-
ing but pushes the horizontal portion towards the top
surface of the sensor device, and specifically towards
the package including its access opening, in response to
closing the mold. Accordingly, during molding, the hori-
zontal portion of the protection element may at least
partially rest or be in contact with the package of the
sensor device such that it seals the access opening, or,
in case the horizontal portion comprises an opening, that
the plunger covers the opening while the horizontal por-
tion seals the access opening. In this state mold com-
pound preferably is filled into the mold.

In one embodiment, the protection element is
designed such its deformation evoked by the mold is not
reversible and the protection element remains deformed
after molding. In such state, the protection element
preferably does not exert mechanical stress on the encap-

sulation. In a different embodiment, the protection ele-
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ment may be designed as elastic element such that its de-
formation evoked by the mold as such would be reversible.
However, after the mold compound is solidified, the en-
capsulation urges the protection element to remain in its
deformed state. In such state, the protection element may
exert mechanical stress on the encapsulation. In both
scenarios, however, it is preferred that the elastic mod-
ulus of the protection element in combination with the
dimensioning of the mold is selected such, that the mold
is prevented from exerting exceeding pressure onto the
sensor device when being closed. In this regard, the pro-
tection element not only serves as an element for pro-
tecting the sensor chip from electric discharge, but at
the same time protects the sensor chip and the entire
sensor device during encapsulating the sensor device, and
hence acts as a spacer during the encapsulation process.

When the horizontal portion of the protection
element is meant to rest on the sensor device after en-
capsulation, it is preferred that it has an opening that
preferably is aligned with the access opening of the sen-
sor device after encapsulating. This allows the medium to
be measured to reach the access opening in the package
and finally the sensing element.

In case the protection element is not bridge
structured but rather an element containing a single ter-
minal, the same concept may apply as indicated above: The
plunger of the mold may - in the process of being moved
towards the sensor device when closing the mold - capture
a free end of the protection element on purpose, and
thereby deform the protection element. In particular, the
free end may be bent by the mold from its previous verti-
cal position orthogonal to the plane of the carrier into
a horizontal position in parallel to the plane of the
carrier. A predetermined bending point in the protection
element and / or a guide in the mold may support the de-

sired deformation.

12
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However, in a different approach, the rod
shaped protection element is not deformed on purpose dur-
ing closing the mold but remains un-deformed. In this ex-
ample, the plunger of the mold directly sits on the sen-
sor device when the mold is closed, in order to cover the
access opening.

A mechanical impact of the mold may be alle-
viated by applying an elastic film either to the plunger,
or to the sensor device, in any case spanning the access
opening. Additionally, surface irregularities are bal-
anced. Such elastic film may also be applied during mold-
ing in connection with the bridge structured protection
element. The first variant where the film is attached to
the mold is also known as film assisted molding. In the
latter variant, the film may be permanently attached to
the sensor device and not be removed after molding. Ac-
cordingly, such elastic film later on acts as a membrane
for further protecting the sensor chip and shielding the
access opening from contamination etc. In such case, it
is desired to select a material of the film that not only
is elastic but also is permeable to the medium to be
measured, such as a gas or a liquid. Such material may be
a perforated PTFE, for example.

In case of the protection element having a
single terminal and a free end which is not deformed on
purpose when applying the mold, it is preferred that af-
ter molding the encapsulation the free end emerging from
the encapsulation is bent in order to bring it closer to
the sensor chip. Preferably, the free end reaches into
the ingress after bending. A middle portion of the pro-
tection element between the terminal and the free end re-
mains encapsulated.

In a different approach, a component is pre-
fabricated which component contains a partly encapsulated
protection element, the encapsulation of which is re-
ferred to as encapsulation member. At a bottom surface of

this encapsulation member, the one or more terminals of
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the protection element is exposed. This component may
then be mounted onto the carrier with its bottom surface
facing a top surface of the carrier. In one embodiment,
it is only the one or more terminals of the protection
element that provides for the mechanical mounting of the
component to the carrier, which at the same time serves
for an electrical connection to the carrier. In this ap-
proach, it is preferred that the sensor device remains
uncovered by the encapsulation member. Preferably, the
encapsulation member encircles the sensor device.

In a different embodiment, a housing is pro-
vided for at least a part of the carrier. In this embodi-
ment, the sensor device preferably is premounted to the
carrier. The housing, e.g. in form of a plastic housing
may have an opening in order to grant access to the sen-
sor device. In this embodiment, the protection element
again is preferred to have a bridge structure, and to ac-
tually bridge the sensor device after being mounted to
the carrier. Again, at least two terminals of the protec-
tion element rest on the carrier and preferably are elec-
trically connected thereto. However, each terminal may
comprise an extension that preferably is arranged on a
common level together with a horizontal portion of the
protection element bridging the sensor. In a first vari-
ant, the protection element is attached to the carrier
prior to the housing being attached to the carrier. Ac-
cordingly, the housing may finally be attached to the
carrier by e.g. elements of the housing being clamped be-
tween the carrier and the extensions of the protection
element. Or, the housing may be brought into its desired
position with respect to the carrier, and the extensions
of the protection element may be bent into a form fit
with the elements of the housing in order to fix the
housing in this position.

Preferably, the electronic component is used

in an automotive application.
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According to another aspect of the present
invention, a method is provided for manufacturing an
electronic component. A sensor device is provided includ-
ing contact pads as well as an electrostatic discharge
protection element including at least one terminal. This
order in providing the sensor device and the protection
element is arbitrary and may be reversed.

The sensor device is arranged on a carrier
with the contact pads facing the carrier, and the protec-
tion element is arranged on the carrier with its one or
more terminals facing the carrier. Again, this order is
arbitrary and may be reversed.

Preferably, once both the sensor device and
the protection element are arranged on the carrier, a
common reflow soldering step is applied to both the sen-
sor device and the protection element. The common reflow
soldering step in particular may comprise a heating of a
solder paste arranged between the contact pads / termi-
nals of the sensor device and the protection element on
the one hand and contact pads of the carrier on the other
hand, thereby electrically and/or mechanically connecting
the sensor device and the protection element to the car-
rier.

This present idea results in an effective
protection of the sensor chip including any circuitry
from an electric discharge. Accordingly, an electronic
component is provided including a protection element for
protecting from electrical discharge which protection el-
ement comprises at least one terminal mounted on and / or
resting on the carrier. The protection element can be re-
flow soldered on the carrier together with the sensor de-
vice to protect from electrical discharge, or it can be
pressed or snapped or clipped in or to the carrier by way
of its one or more terminals.

Preferably, the protection element is shaped
not to encase the sensor device. Hence, it is preferred

that the protection element is not a closed structure in
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form of a cap capping the sensor device. Instead, the
protection element preferably is shaped according to one
or more of: not to fully encircle the sensor device; not
comprising a wall in complete form fully encircling the
sensor device; not of rectangular footprint.

Embodiments disclosed in connection with the
component shall also be considered disclosed in connec-
tion with the method and vice versa.

Other advantageous embodiments are listed in

the dependent claims as well as in the description below.

Brief Description of the Drawings

The embodiments defined above and further em-
bodiments, features and advantages of the present inven-
tion can also be derived from the examples of embodiments
to be described hereinafter in connection with the draw-

ings in which the figures illustrate:

FIG. 1 an electrical component according to
an embodiment of the present invention, in diagram a) in
a perspective view, in diagram b) in a side cut, in dia-
gram c) in a top view, and in diagram d) in a side view;

FIG. 2 an electrical component according to
an embodiment of the present invention, in diagram a) in
a perspective view, and in diagram b) in a lateral cut;

FIG. 3 an electrical component in a side cut,
according to an empodiment of the present invention;

FIG. 4 an electrical component in a top view,
according to an embodiment of the present invention; and

FIG. 5 a method for manufacturing an elec-
tronic component according to an embodiment of the pre-
sent invention;

FIGs. 6 to 10 each an electrical component
in a top view, according to embodiments of the present

invention;
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FIGs. 11 to 14 each an electrical component
in a side cut, according to an embodiment of the present
invention,

FIG. 15 an electrical component, in a side
cut in diagram a) and in a perspective view in diagram
b), according to an embodiment of the present invention;

FIG. 16 a method for manufacturing an elec-
trical component, according to an embodiment of the pre-
sent invention;

FIGs. 17 and 18 modifications in the method
according to FIG. 16, according to embodiments of the
present invention;

FIG. 19 another method for manufacturing an
electrical component, according to an embodiment of the
present invention;

FIGs. 20, 21 and 22 modifications in the
method and the resulting electronic component of FIG. 19,

according to embodiments of the present invention.

Modes for Carrying Out the Invention

FIG. 1 illustrates an electronic component
according to an embodiment of the present invention. The
electronic component includes at least an electric dis-
charge protection element 1, a sensor device 2, and a
carrier 3, but may contain additional elements not shown.
The electronic component is shown in a perspective view
in diagram a), in a side cut aleong line B - B’ in diagram
b), in a top view in diagram c), and in a side view in
diagram d).

The carrier 3, for example, is a printed cir-
cuit board. The protection element 1 and the sensor de-
vice 2 are arranged on a front side of the carrier 3. In
the present embodiment, the protection element 1 has the
shape of a bridging structure that is arranged to bridge

the sensor device 2. The protection element 1 contains
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two terminals 11 and 12 resting on the carrier 3. The
bridging structure further includes two vertical portions
14 and 15, and a horizontal portion 13. The protection
element 1 is a single piece made from a metal or any
other electrically conducting material, and preferably is
punched and bent into its present shape.

The sensor device 2 is a packaged sensor chip
21 containing the sensor chip 21 and a package 22 in form
of an encapsulation. The sensor chip 2 is arranged on a
leadframe. Portions of the leadframe build contact pads
231 that are exposed at a bottom face of the sensor de-
vice 2 and as such face the carrier 3. In addition, por-
tions of these contact pads 231 are exposed from side
walls of the package 22 as can be seen in diagrams la)
and 1lb). The package 22 comprises an access opening 221
in form of a recess in a top surface of the package 22
for granting access to the sensor chip 2, and in particu-
lar for granting access to a sensitive element that is
exposed from the package 22 by means of the access open-
ing 221.

As can be derived from diagram 1b), the pro-
tection element 1 is electrically connected to a ground
contact 31 of the carrier 3, via a conductor 32. Hence,
any electrical discharge trapped by the protection ele-
ment 1 is drained to the ground contact 31.

A horizontal portion 13 of the protection el-
ement 1 spans the sensor device 2, and in particular
spans a part of the access opening 221, since the exposed
sensor chip 21 including the sensing element is most en-
dangered by an electrical discharge. As can be seen from
diagram 1lc) it is not the entire surface of the sensor
device 2 that is covered by the horizontal portion 13 of
the protection element 1. Instead, a width wl of the hor-
izontal portion 13 is less than a width w2 of the sensor
device 2 which ensures that the exposed portion of the
sensor chip 2 receives a sufficient amount of the medium
to be measured. Preferably, between a third and half of
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the top surface/footprint of the sensor device 2 is
spanned by the protection element 1.

As can be seen from diagrams la) and 1b), the
protection element 1 is arranged distant from the sensor
device 2. Preferably, a distance md, which reflects a
distance between a side wall of the sensor device 2 and
the portion of the protection element 1 facing this side
wall is equal to or less than 10 mm to prevent a direct
discharge into the sensor device 2 on the one hand, and
preferably is equal to or more than 0,05 mm, in order to
prevent an arc-over on the one hand.

When it comes to a height relation between
the sensor device 2 and the protection element 1, it is
preferred that the protection element 1 exceeds the sen-
sor device 2 in height as can be derived from diagrams
la) and 1b). In particular, a minimum height distance mh
between the protection element 1 and the sensor device 2
is 1 mm.

As can be derived from diagram la), the con-
tact pads 231 are arranged at an edge El1 of the sensor
device 2 that does not face a terminal 11, 12 of the pro-
tection element 1. Hence, electrical connections - also
referred to as solder joints in this context - between
the carrier 3 and the contact pads 231 remain inspecta-
ble, and in particular optically inspectable. The sensor
device 2 may comprise further contact pads 231 and solder
joints at the opposed edge E2 which are optically in-
spectable in the same manner.

FIG. 2 illustrates an electrical component
according to an embodiment of the present invention. Dia-
gram 2Za) illustrates its perspective view, while diagram
2b) shows the electronic component in a lateral cut. The
basic elements such as the protection element 1, the sen-
sor device 2 and the carrier 3 may be identical to the
ones shown in FIG. 1, or may be of different shape and/or
arrangement. In addition, the present electronic compo-

nent includes a housing 4, e.g. made from plastics, only
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a portion of which housing 4 is shown, and which housing
4 shall protect the sensor device 2 and possibly any
other elements arranged on the carrier 3.

The housing 4 has two bars 41 and 42 forming
an opening 43 there between. The bridge structured pro-
tection element 1 reaches into the opening 43, in partic-
ular with its horizontal portion 13, a top surface of
which remains exposed to the outside world for trapping
electrical discharges. Remainders of the opening not
filled of the protection element 1 are dimensioned such
that a sufficient amount of the medium reaches the sensor
chip underneath.

The two bars 41 and 42 each comprise an inte-
grated clamp 411, 421, which clamp into the horizontal
portion 13 of the protection element 1. Hence, the hous-
ing 4 and the carrier 3 are attached, such that the pro-
tection element 1 not only serves for draining an elec-
tric discharge but also serves for mounting the housing 4
to the carrier 3.

According to the cut view shown in diagram
2b), the sensor device 2 comprises the sensor chip 21 ar-
ranged on a die pad 232 of a leadframe 32. In addition,
contact portions 231 are made from the leadframe 23 and
are connected to the sensor chip 2, e.g. by bond wires
not shown. An encapsulation in form of a package 22 en-
closes portions of the sensor chip 21 and the leadframe
23. An access opening 221 in the package 22 provides ac-
cess to a top surface of the sensor chip 21 including a
sensitive element 211 being exposed through the access
opening 221.

The sensor chip 21 preferably is a semicon-
ductor chip with a substrate, such as a silicon sub-
strate, and a stack of material layers such as a CMOS
layer stack on top of the substrate. The sensing element
211 is integrated into the sensor chip 21, e.g. is ar-
ranged in the stack of material layers in the present ex-

ample. The sensing element 211 may be connected by means
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of at least two electrodes, such as interdigitated elec-
trodes. The sensing element 211 may cover the electrodes.

FIG. 3 illustrates an electrical component in
a side cut according to an embodiment of the present in-
vention. In contrast to the protection element 1 intro-
duced in FIG. 1, the present protection element 1 is not
of a bridge shape but rather of a rod shape including a
single terminal 11 only. In addition, a vertical portion
12 holds a horizontal portion 13 reaching into a space
above the sensor device 2 for providing an effective dis-
charge protection. Notably, a height hl of the protection
element 1 exceeds a height h2 of the sensor device 2. The
protection element 1 is arranged separate from the sensor
device 2. It is preferred, that the single terminal 11 in
combination with the rest of the protection element 1 is
configured in its dimension and / or weight such that a
center of gravity of the protection element is configured
to make the protection element 1 remain in an upright po-
sition after being placed on the carrier 3 for surface
mounting. The overall shape of the protection element in
this embodiment may be considered as a step.

FIG. 4 illustrates an electrical component
according to another embodiment of the present invention,
in a top view. Although the protection element 1 again is
bridge shaped such as in FIG. 1, the protection element 1
now is arranged next to the sensor device 2, in particu-
lar at a distance d from the sensor device 2. This ar-
rangement also provides an effective protection from an
electric discharge. A housing (not shown) may be attached
to the protection element 1 in the same manner as intro-
duced with respect to FIG. 2.

FIG. 5 illustrates a method for manufacturing
an electronic component according to an embodiment of the
present invention. In step S1, a sensor device is pro-
vided, the sensor device including contact pads. In step

S2, an electrostatic discharge protection element is pro-
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vided, the protection element including at least one ter-
minal. In step S3, the sensor device is arranged on a
carrier with the contact pads facing the carrier. In step
S4, the protection element is arranged on the carrier
with the terminal facing the carrier. In step S5, the
contact pads and the at least one terminal are reflow
soldered in a common reflow soldering step.

Steps S1 and S2 can be interchanged in order.
Steps S3 and S4 can be interchanged in order. Steps S1
and S3 can be performed in sequence, followed by steps S2
and S4. Steps S2 and S4 can be performed in sequence,
followed by steps S1 and S3.

In a preferred embodiment, the carrier is
provided prepared, by having attached solder paste to the
contact pads of the carrier the protection element and
the sensor device are to be deposited on with their cor-
responding contact pads and terminals. Hence, a placement
of the sensor device and the protection element onto the
carrier includes a placement onto the solder paste. The
common reflow soldering step may then include a heating
of the solder paste for generating a sound electrical
connection between the carrier and the sensor device and
between the carrier and the protection element.

FIGs. 6 to 10 each shows an electrical compo-
nent in a top view, according to embodiments of the pre-
sent invention. In each of these embodiments, the protec-
tion element 1 is shaped as a bridging structure bridging
a sensor device 2. The sensor device 2 preferably is a
packaged sensor chip 21, but could take any other form of
sensor device 2, too.

Instead of two terminals 11 and 12, the pro-
tection element 1 of FIG. 6 has four terminals 11, 12, 16
and 17 resting on the carrier. Accordingly, four vertical
portions 14, 15, 18 and 19 are provided in the bridging
structure, as well as a cross-shaped horizontal portion
13. This embodiment provides for an excellent mechanical
stability.
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The protection element 1 of FIG. 7 has three
terminals 11, 12 and 16 resting on the carrier. Accord-
ingly, three vertical portions 14, 15, and 18 are pro-
vided in the bridging structure, as well as a T-shaped
horizontal portion 13. This embodiment alsc provides for
an excellent mechanical stability.

The protection element 1 of FIG. 8 has two
terminals 11, 12. In comparison with the embodiment shown
in diagram 1lc), the present horizontal portion 13 has
cross—-like extensions as such providing a bigger coverage
of the sensor device 2 and as such providing an even bet-
ter electric discharge protection.

The protection element 1 of FIG. 9 has two
terminals 11, 12, and a ring-shaped horizontal portion
13. Through the ring-shaped horizontal portion 13 an ex-
cellent access is provided to the sensor chip 21 for the
medium to be measured, while at the same time the in-
creased area of the ring-shaped horizontal portion 13
provides an excellent coverage of the sensor device 2 and
as such provides an excellent electric discharge protec-
tion.

In the embodiment of FIG. 10, the protection
element 1 is identical to the protection element 1 of
FIG. 9. However, its orientation is different with re-
spect to the sensor device 2. While in the embodiment of
FIG. 9, the basic orientation of the protection element 1
is in parallel to the edges of the sensor device 2 with
its rectangular footprint, the protection element 1 of
FIG. 10 is aligned diagonally across the sensor device 1.
This orientation may also be implemented for any other
shape of protection element 1.

Again, 1t is preferred that for any of the
previous embodiments the protection element 1 is a single
piece made from a metal or any other electrically con-
ducting material, and preferably is punched and bent into

its present shape.
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FIG. 11 illustrates an electrical component
in a side cut, according to an embodiment of the present
invention. In this embodiment, the sensor device is rep-
resented by a sensor chip 21 with a sensing element 211
of the sensor chip 21 facing the carrier 3. Hence, the
sensor chip 21 is flip-chip mounted onto the carrier 3 by
means of e.g. solder balls 31. Access is granted to the
sensing element 211 from side-ways - as indicated by the
arrow - through a gap between the sensor chip 21 and the
carrier 3. The protection element 1 bridges the sensor
chip 2.

FIG. 12 illustrates an electronic component
in a cut view according to an embodiment of the present
invention. The sensor device 1 is a packaged sensor chip
comprising a package 22, contact pads 231 exposed from
the package 22 and a sensor chip inside the package 22
(not visible). It is assumed that an access opening (not
visible) is comprised in the package 22 in its top sur-
face for granting access to a sensing element of the sen-
sor chip. Similar to the embodiment of FIG. 1, the pro-
tection element 1 is a bridge structure including a hori-
zontal portion 13 extending in parallel to the plane of
the carrier 3, which horizontal portion 13 spans the sen-
sor device 2, and in particular spans the access opening.
However, in this embodiment the protection element 1 ex-
tends beyond the terminals 11 and 12 and wraps around the
carrier 3, thus, giving the protection element 1 the
shape and function of a bracket. Hence, in such embodi-
ment, the protection element 1 may simply be clipped to
the carrier 3. While in one embodiment, the terminals 11
and 12 may still be soldered to the carrier 3, in a dif-
ferent embodiment no such soldering is applied, and a
sufficient electrical connection and mechanical support
may be achieved Jjust by the bracket shaped protection el-
ement 1 sitting tight on the carrier 3. In an embodiment,
the protection element 1 may be electrically connected to

metallizations arranged on a backside / bottom surface of
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the carrier 3, i.e. opposite its front side / top surface
to which the sensor device 2 is attached. In this embodi-
ment, the extensions wrapping around the carrier 3 can
rather be considered as terminals 11 and 12.

FIG. 13 illustrates another embodiment of an
electronic component according to an embodiment of the
present invention. Again, the sensor device 2 preferably
is a packaged sensor chip including an access opening
(not visible). In this embodiment, a housing 6, e.g. pre-
manufactured, shall be attached to the carrier 3 thereby
preferably being in contact with the carrier 3. Prefera-
bly, the housing 6 does not cover the sensor device 2,
Instead a gap is provided between the housing 6 and the
sensor device 2. In one embodiment, the protection ele-
ment 1 is mounted to the carrier 3 carrying the sensor
device 2 first. The protection element 1 preferably is a
bridge structure so as to bridge the sensor device 2.
However, the protection element 1 preferably shows exten-
sions 111 and 121 at each of its terminals 11 and 12.
These extensions 111 preferably extend to a level ele-
vated with respect to the level of the terminals 11 and
12. In a second step, the housing 6 may be clipped or
snapped under or otherwise attached to the extensions
111, 121 of the protection element 1. In a possible final
step, the extensions 111, 121 may be deformed in order to
provide for a long lasting form-fit with the housing 6
thereby attaching the housing 6 to the carrier 3. Hence,
the protection element 1 has two-fold functionality, i.e.
ESD protection, and mechanical fixation at the same time.
In an assembled state, these extensions 111, 121 contrib-
ute to a form fit with the housing 6. The present protec-
tion element 1 may be prefabricated, e.g. by bending into
the shape as shown. Preferably, the level the extensions
111, 121 reach to the same level of the horizontal por-
tion 13. The protection element 1 may comprise more than
two terminals 11,12 and preferably is soldered by its two

or more terminals 11,12 to corresponding metallizations
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of the carrier 3. However, the protection element 1 may
instead by otherwise attached and electrically connected
to the carrier 3. In one embodiment, the housing 6 may
provide means such as guides, snap fits, etc., to facili-
tate the orientation of the protection element on the
carrier 3, and / or to support the attachment between the
housing 6 and the protection element 1.

FIG. 14 illustrates another embodiment of an
electronic component according to an embodiment of the
present invention. Again, the sensor device 1 preferably
is a packaged sensor device 2 including contact pads 231
and a package 22 partly covering a sensor chip, and an
access opening (not visible) in the package 22 to allow a
medium to be sensed to reach the sensor chip. In the
state shown in FIG. 14, the sensor device 2 is mounted to
a carrier 3. A component comprising an encapsulation mem-
ber 5 and a protection element 1 is not finally mounted
to the carrier 3 yet. The component preferably is prefab-
ricated, by partly encapsulating the protection element
1, preferably in a molding process. The encapsulation
member 5 comprises a bottom surface presently facing a
top surface of the carrier 3 the sensor device 2 is ar-
ranged on. The at least one terminal 11 of a first pro-
tection element 1 is exposed from the bottom surface of
the encapsulation member 5 and the at least one terminal
12 of another first protection element 1’ is exposed from
the bottom surface of the encapsulation member 5 to ena-
ble mounting of the component to the top surface of the
carrier 3 as is indicated by the arrows. The component
preferably is prefabricated and mounted to the carrier 3
as a whole. In one embodiment, the component may be
mounted to the carrier 3 solely by means of the one or
more terminals 11 of the protection element 1, e.g. by
soldering or pressing into or snapping into the carrier
3. The protection element 1 may, as presently shown, in-
clude two individual elements in form of rods, or a sin-

gle protection element 1 including two or more terminals.
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In case of one or more single terminal protection ele-
ments 1, a free end of each protection element 1 may be
bent after being encapsulated as is shown in FIG. 14. In
a different embodiment, the protection element 1 as shown
in FIG. 14 may be a single protection element 1 including
a single terminal 11 encircling the sensor device 2 but
not bridging it. Preferably, after mounting the component
to the carrier 3, the sensor device 2 is not in contact
with the encapsulation member 5. The encapsulation member
5 can be considered to comprise an ingress 51 in form of
an opening that allows medium to pass to the sensor de-
vice 2. Preferably, the encapsulation member 5 includes
additional mounting means such as snap fits to mount the
component to the carrier 3.

FIG. 15 illustrates another embodiment of an
electronic component according to an embodiment of the
present invention. The cut view in diagram 15b) resembles
the electrical component of FIG. 1lb). A bridge structured
protection element 1 bridges a packaged sensor device 2,
the package 22 and contact pads 231 of which are shown.
The protection element 1 includes a horizontal portion 13
spanning the sensor device 2, while terminals 11 and 12
rest on the carrier 3 and are electrically connected
thereto. From the perspective view of diagram 15b) it can
be derived that the present protection element 1 has an
opening 131 in its horizontal portion 13 that allows ac-
cess to the underlying access opening 221 of the sensor
device 2. The electronic component of FIG. 15 may repre-
sent a complete electrical component, or may represent an
intermediary product.

In the latter case, FIG. 16 illustrates a
method for manufacturing an electrical component accord-
ing to an embodiment of the present invention, starting
from the intermediary product of FIG. 15: According to
the diagram 16a), an arrangement including the sensor de-
vice 2 and the protection element 1 both mounted onto the

carrier 3 is inserted in an (open state) of a mold 71,72
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presently represented by a plunger 71 acting from the top
and a support 72 acting from the bottom. Presently, the
support 28 evokes an access to the backside of the car-
rier 3 in the future encapsulation. Of course, the sup-
port 72 of the mold may take different shapes subject to
the needs. For example, the support 72 may be supporting
the entire backside of the carrier 3, such that the back-
side of the carrier 3 remains totally exposed from the
future encapsulation. In a different embodiment, the sup-
port 72 may e.g. only engage with the sides of the car-
rier 3 such the backside of the carrier 3 becomes com-
pletely encapsulated by the future encapsulation.

When closing the mold 71,72 i.e. moving the
plunger 71 and the support 72 towards each other, e.g. by
clamping, the plunger 71 sits on the horizontal portion
13 of the protection element 1, and in the following de-
forms the protection element 1. This deformed state of
the protection element 1 is shown in diagram 16b). It is
assumed that closing the mold 71, 72 is controlled not to
exert too much pressure on the sensor device 2 resulting
in a damage. However, as can be derived from diagram
16b), the closing of the mold 71,72 may result in the
horizontal portion 13 of the protection element 1 at
least partly resting on the sensor device 2, in particu-
lar on its package 22.

In the step shown in diagram 16c), a mold
compound is applied into / to the mold 71,72, preferably
in form of a hotmelt, thereby generating an encapsulation
6. Of course, in this case the mold not only consists of
plunger 71 and support 72 but contains more elements (not
shown) responsible for forming the outer shape of the en-
capsulation 6. The final product is illustrated in dia-
gram 16d): The plunger 71 has caused an ingress 61 in the
encapsulation 6 for the medium to be sensed to reach the
sensor device 2, and in particular the sensor chip embed-
ded in the sensor device 2. The access opening in the

package 22 of the sensor device 2 opens to the top and
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leads into the ingress 61. Another recess 62 is built in
the encapsulation 6 resulting from the support 72 of the
mold 71,72, which in different embodiments may not be
needed.

As can be derived from diagram 16d), the pro-
tection element 1 preferably is permanently deformed, in
order to reduce mechanical stress in the encapsulation 6.

FIGs. 17 and 18 illustrate modifications in
the method for manufacturing the electronic component ac-
cording to FIG. 16 according to embodiments of the pre-
sent invention. According to FIG. 17, the plunger 71 may
be covered by an elastic film 711 that reduces mechanical
stress on the protection element 1 during molding, and
hence, protects the protection element 1. The elastic
film 711 preferably is attached to the plunger 71 or is
applied between the protection element 1 and the plunger
71, and will be removed after molding.

According to FIG. 18, an elastic film 8 is
preferably placed on a top surface of the sensor device
2, 1.e. between the sensor device 2 and the protection
element 1. When the plunger 71 exerts pressure on the
horizontal portion 13 of the protection element 1 and
pushes it towards the sensor device 2, the film 8 pro-
tects the sensor device 2, and in particular its package
22. Since the film 8 is assumed to span the access open-
ing in the package 22, it is preferred that the film 8
not only is elastic but also is permeable to the medium
to be sensed given that it is not envisaged to remove the
film 8 after molding. In addition, the elastic film can
enhance a sealing of the access opening in the sensor de-
vice (not visible) in order to prevent hotmelt residuals
to enter the access opening from the side while the
plunger 71 is applied. In a different embodiment, the
film 8 is removed after molding. In addition, the elastic
film 8 as well as the elastic film 711 of FIG. 17 support

the generation of smooth surfaces of the encapsulation.

29



10

15

20

25

30

35

WO 2017/137325 PCT/EP2017/052404

FIG. 19 illustrates another method for manu-
facturing an electronic component according to an embodi-
ment of the present invention. Again it is started from
an electrical component that in one embodiment is a final
product, but in another embodiment represents an interme-
diary product that is similar to the intermediary product
shown in FIG. 15. Instead of the bridge structured pro-
tection element 1 of FIG. 15, a single terminal 11 pro-
tection element 1 in form of a rod is used and presently
extends in z-direction orthogonal to the plane x / y de-
fined by the carrier 3, see diagram 19a). The protection
element 1 has the single terminal 11 by which it is
mounted to the carrier 3, a free end 1f, and a middle
portion Im between the terminal 11 and the free end 1f.

In a next step the arrangement of diagram
19a) is inserted into a mold containing a plunger 71, see
diagram 19b). The mold may additionally contain a recep-
tacle 712 for the rod shaped protection element 1, in
particular its free end 1f. However, the mold may include
multiple more shapes / elements. The plunger 71 does not
directly act on the protection element 1 but sits on the
sensor device 2 when being closed, optionally protected
by an elastic film such as shown in FIG. 17 or in FIG.
18. After having applied a mold compound, an encapsula-
tion 6 is formed, see diagram 19c). The encapsulation 6
encloses the carrier 3, portions of the sensor device 2,
but leaves an ingress 61 towards the sensor device 2. The
protection element 1 protrudes from the encapsulation 6
by its free end 1f while the middle portion 1m thereof is
covered and enclosed by the encapsulation 6.

In a next step shown in diagram 19d), the
free end 1f of the protection element 1 is bent into a
horizontal position extending into the ingress 61 and
hence improving its function as electrical discharge pro-
tection. It can be derived from diagram 19c), that the
free end 1f terminates at the same level as the encapsu-

lation 6: Hence, the free end 1f may be bent while the
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mold compound of the encapsulation 6 still is in a de-
formable state soc as to press the free end 1f of the pro-
tection element 1 into the encapsulation 6. In a differ-
ent embodiment, the plunger 71 includes a lateral protru-
sion to build a channel in the upper surface of the en-
capsulation 6 extending from the rim of the ingress 61
into which channel the free end 1f of the protection ele-
ment 1 is bent, preferably after the mold compound is
hardened.

FIGs. 20 and 21 show modifications in the
method of FIG. 19 and in the resulting electronic compo-
nent, according to embodiments of the present invention.
In each of the embodiments, the final bending step is
concerned. In the embodiment of FIG. 20, the free end 1f
of the protection element 1 protrudes from the encapsula-
tion 6 even after bending. Accordingly, it is assumed
that the free end 1f is bent after the mold compound
forming the encapsulation 6 is hardened. In the embodi-
ment of FIG. 21, the bending is performed in the same
manner as in the example of diagram 19c). However, two
rod shaped protection elements 1 are provided instead of
a single one. The free end 1f of each protection element
1 is bent towards the ingress 61 and reaches into the in-
gress 61.

FIG. 22 shows a variant of FIG. 1%b): While
there, a receptacle is provided in the mold for the rod
shaped protection element that remains in its vertical
position after molding, the receptacle 712 of FIG. 19b)
is not provided in the example of FIG. 22. Instead, the
free end 1f of the protection element 1 is pre-bent such
that its free end is inclined towards the carrier 3 and
will be bent when closing the mold halves, and preferably
is bent towards the ingress in the encapsulation that
will be produced by the plunger 71. Accordingly, in this
embodiment, closing the mold and bending the protection

element 1 is achieved in a single step.
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While there are shown and described presently
preferred embodiments of the invention, it is to be dis-
tinctly understood that the invention is not limited
thereto but may be otherwise variously embodied and prac-

ticed within the scope of the following claims.
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Claims

1. Electronic component, comprising
a carrier (3),
a sensor device (2) mounted on the carrier

(3), which sensor device (2) comprises a sensor chip
(21),
an electrostatic discharge protection element

(1) for protecting the sensor chip (21) from an electro-
static discharge, which protection element (1) is mounted
on the carrier (3),

wherein the protection element (1) comprises
at least one terminal (11) mounted on and / or resting on
the carrier (3).

2. Electronic component according to claim 1,

wherein the sensor device (2) comprises a
package (22) in addition to the sensor chip (21),

preferably wherein the sensor chip (21) com-
prises a sensing element (211) arranged on or integrated
at a front side of the sensor chip (21),

preferably wherein the package (22) comprises
an access opening (221) for providing access to the sens-
ing element (211) from the outside,

preferably wherein the protection element (1)
is physically separated from the sensor device (2).

3. Electronic component according to claim 1,

wherein the sensor device (2) consists of the
sensor chip (21) or comprises a cap substrate in addition
to the sensor chip (21),

preferably wherein the sensor chip (21) com-
prises a sensing element (211) arranged on or integrated
at a front side of the sensor chip (21),

preferably wherein the protection element (1)
is physically separated from the sensor device (2).

4. Electronic component according to any of

the previous claims,
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wherein the protection element (1) comprises
a bridging structure including at least two terminals
(11,12) resting on the carrier (3),
in particular wherein the protection element
5 (1) includes exactly two terminals (11,12) resting con the
carrier (3),
in particular wherein the protection element
(1) includes exactly three terminals (11,12,16) resting
on the carrier (3),
10 in particular wherein the protection element
(1) includes exactly four terminals (11,12,16,17) resting
on the carrier (3).
5. Electronic component according to claim 4,
wherein the protection element (1) is ar-
15 ranged to bridge the sensor device (2).
6. Electronic component according to claim 5,
wherein the protection element (1) has two
terminals (11,12},
wherein the sensor device (2) has a rectangu-
20 lar footprint with a first and a second pair of opposed
edges,
wherein the sensor device (2) comprises con-
tact pads (231) arranged along the first pair of opposed
edges of its rectangular footprint,
25 wherein the terminals (11,12) of the protec-
tion element (1) are arranged facing the sensor device
(2) at the second pair of opposed edges of its rectangu-
lar footprint.
7. Electronic component according to any one
30 of the preceding claims 4 to 6 in combination with claim
2,
wherein the sensing element (211) is arranged
on or integrated at the front side of the sensor chip
(21) facing away from the carrier (3),

35 and
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wherein the protection element (1) is ar-
ranged to bridge at least a part of the access opening
(221).

8. Electronic component according to any one
of the preceding claims 4 to 6 in combination with claim
3,

wherein the sensing element (211) is arranged
on or integrated at the front side of the sensor chip
(21) facing the carrier (3),

wherein an access opening is provided between
the sensor chip (21) and the carrier (3) for granting ac-
cess to the sensing element (211) from the outside of the
sensor chip (2), and

wherein the protection element (1) is ar-
ranged to bridge the sensor chip (21).

9. Electronic component according to claim 4,

wherein the protection element (1) is ar-
ranged on the carrier (3) sideways from the sensor chip
(21) thereby leaving the sensor chip (21) unbridged, and

wherein a maximum distance (d) between the
bridging structure and the sensor device (21) is 5 mm.

10. Electronic component according to any of
the preceding claims 1 to 3,

wherein the protection element (1) comprises
a rod including a single terminal (11) mounted on the
carrier (3), and

preferably wherein the single terminal (11)
is configured in its dimension and / or weight that the
protection element (1) remains in an upright position af-
ter being placed on the carrier (3) for surface mounting,
and

preferably wherein the protection element (1)
is of a step-like shape, and

preferably wherein the rod includes a portion
(13) extending into a space above the sensor device (2).

11. Electronic component according to any one

of the preceding claims,

35



10

15

20

25

30

35

WO 2017/137325 PCT/EP2017/052404

wherein the carrier (3) 1s a circuit board,
and in particular a printed circuit board,

wherein the carrier (3) comprises a contact
(31) for a ground connection, and

wherein the protection element (1) is elec-
trically connected to the contact (31) for ground connec-
tion.

12. Electronic component according to any one
of the preceding claims,

comprising an encapsulation (6) partly encap-
sulating the sensor device (2), and partly encapsulating
the protection element (1),

preferably wherein the encapsulation (6)
partly encapsulates the carrier (3).

13. Electronic component according to claim

12,

wherein the encapsulation (6) is a mold com-
pound,

preferably wherein the encapsulation (6) is
one of:

- an injection molded compound;

~ a low pressure injection molded compound,
preferably a hotmelt;

- a transfer molded compound.

14. Electronic component according to claim 7
in combination with claim 12 or claim 13,

wherein the encapsulation (6) comprises an
ingress (61) for providing access to the sensing element
(211),

wherein the protection element (1) is ar-
ranged to emerge from the encapsulation (6) and to at
least partly bridge the ingress (61).

15. Electronic component according to claim
14,

wherein a portion of the protection element

(1) rests on the sensor device (2).
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16. Electronic component according to any of
the preceding claims 12 to 15,

wherein the protection element (1) exhibits a
deformation resulting from manufacturing the encapsula-
tion (6).

17. Electronic component according to claim
10 in combination with claim 12 or claim 13,

wherein a free end (1f) of the protection el-
ement (1) protrudes from the encapsulation (6),

in particular wherein the free end (1lf) ex-
tends in parallel to a plane extension of the carrier
(3),

in particular wherein a portion (Im) of the
protection element (1) between the free end (1f) and the
terminal (11) extends orthogonal to the plane extension
of the carrier (3) and represents the portion of the pro-
tection element (1) that is encapsulated by the encapsu-
lation (6).

18. Electronic component according to any one
of the preceding claims,

comprising a housing (4) for protecting the
sensor device (2),

wherein the housing (4) comprises one or more
mounting elements, and in particular one or more clamps
(411, 421), and

wherein in a mounted position the housing (4)
is mounted to the carrier (3) via at least one of the one
or more mounting elements, and in particular via at least
one of the one or more clamps (411, 421) mounted to the
protection element (1).

19. Electronic component according to any one
of the preceding claims 1 to 11,

comprising an encapsulation member (5) partly
encapsulating the protection element (1),

wherein the encapsulation member (5) com-
prises a bottom surface facing a top surface of the car-

rier (3) the sensor device (2) is arranged on,
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wherein the at least one terminal (11) of the
protection element (1) 1s exposed from the bottom surface
of the encapsulation member (5).

20. Electronic component according to claim
19,

wherein a component including the encapsula-
tion member (5) and the protection element (1) is a pre-
fabricated component mounted to the top surface of the
carrier (3) by means of the at least one exposed terminal
(11) of the protection element (1).

21. Electronic component according to claim
19 or claim 20,

wherein the sensor device (2) i1s uncovered
from the encapsulation member (5),

preferably wherein the encapsulation member
{(5) encircles the sensor device (2).

22. Electronic component according to any of
the preceding claims 5 to 7,

comprising a housing (6) for the carrier (3),

wherein the sensor device (2) is uncovered
from the housing (6),

wherein each of the at least two terminals
(11,12) comprises an extension (111,121) arranged in a
form fit with the housing (6),

in particular wherein the carrier (3) and the
housing (6) are held together by the protection element
(1).

23. Electronic component according to claim
22,

wherein a horizontal portion (13) of the pro-
tection element (1) bridging the sensor device (2) 1is ar-
ranged on a common level together with each of the exten-
sions (111,121).

24. Electronic component according to any of

the previous claims,
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wherein the protection element (1) and the
sensor device (2) are reflow soldered onto the carrier
(3).

25. Electronic component according to any one
of the preceding claims 1 to 23,

wherein the protection element (1) is pressed
or snapped or clipped in or to the carrier (3),

in particular wherein the at least one termi-
nal (11,12) of the protection element (1) is pressed or
snapped or clipped in or to the carrier (3).

26. Electronic component according to any one
of the preceding claims,

wherein the protection element (1) is shaped
not to encase the sensor device (2).

27. Method for manufacturing an electronic
component, comprising

providing a sensor device (2) including con-
tact pads (231),

providing an electrostatic discharge protec-
tion element (1) including at least one terminal (11),

arranging the sensor device (2) on a carrier
(3) with the contact pads facing the carrier (3),

arranging the protection element (1) on the
carrier (3) with the at least one terminal {(11) facing
the carrier (3).

28. Method according to claim 27, comprising

reflow soldering the contact pads (231) and
the at least one terminal (11) in a common reflow solder-
ing step.

29. Method according to claim 28, comprising

providing the sensor device (2) with a rec-
tangular footprint with a first and a second pair of op-
posed edges,

providing the sensor device (2) with contact
pads (231) arranged along the first pair of opposed edges

of its rectangular footprint,
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providing the protection element (1) in form
of a bridging structure including two terminals (11, 12),

arranging the bridging structure on the car-
rier (3) with its terminals (11,12) facing the sensor de-
vice (2) at the second pair of opposed edges of its rec-
tangular footprint, and

automatically optically inspecting solder
connections between the contact pads (231) and the car-
rier (3) created in the reflow soldering step.

30. Method according to claim 27, comprising

pressing or snapping or clipping the protec-
tion element (1) in or to the carrier (3),

in particular pressing or snapping or clip-
ping the at least one terminal (11,2) of the protection
element (1) in or to the carrier (3).

31. Method according to any of the preceding
claims 27 to 30, comprising

prefabricating the sensor device (2) by

- providing a sensor chip (21) compris-
ing a sensing element (211) arranged
on or integrated at a front side of
the sensocor chip (21),

- preferably partially encapsulating the
sensor chip by a package (22), which
package (22) comprises an access open-
ing (221) for providing access to the
sensing element (211),

- preferably, wherein the sensor chip
(21) is arranged on a leadframe prior
to the encapsulating step, and wherein
in the encapsulating step the lead-
frame is partly encapsulated by the
package (22) exposing portions of the
leadframe representing the contact
pads (231) of the sensor device (2).

32. Method according to c¢laim 31, comprising
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forming an encapsulation (6) partly encapsu-
lating the sensor device (2) arranged on the carrier (3),
and partly encapsulating the protection element (1) ar-
ranged on the carrier (3),

preferably wherein the encapsulation (6) is
formed to partly encapsulate the carrier (3).

33. Method according to claim 32, comprising

forming the encapsulation (6) by one of:

- injection molding;

- low pressure injection molding, preferably
hotmelt molding or potting;

- transfer molding.

34, Method according to claim 32 or claim 33,
comprising

forming the encapsulation (6) to comprise an
ingress (61) for providing access to the sensing element
(211),

wherein the encapsulation (6) is formed to
make the protection element (1) emerge from the encapsu-
lation (6).

35. Method according to claim 34, comprising

forming the encapsulation (6) by arranging
the carrier (3) carrying the sensor device (2) and the
protection element (1) into a mold (71,72) comprising a
plunger (71) for pressing onto the protection element
(1), and

filling the mold (71,72) by a mold compound
resulting in the encapsulation (6) including the ingress
(61l) formed by means of the plunger (71).

36. Method according to claim 35,

wherein the mold (71,72) is dimensioned with
respect to the carrier (3) carrying the sensor device (2)
and the protection element (1) to deform the protection
element (1) by the plunger (71) in response to closing
the mold (71,72),

preferably wherein the protection element (1)

remains deformed after molding.
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37. Method according to claim 36,

wherein the protection element (1) comprises
a bridging structure including at least two terminals
(11,12) resting on the carrier (3),

wherein the encapsulation (6) is formed to
make the protection element (1) at least partly bridge
the ingress (61),

preferably wherein a horizontal portion (13)
of the protection element (1) rests on the sensor device
(2) after molding,

preferably wherein the horizontal portion
(13) of the protection element (1) rests on the package
(22) of the sensor device (2) after molding.

38. Method according to any of the preceding
claims 32 to 36,

wherein the protection element (1) comprises
a rod including a single terminal (11) mounted on the
carrier (3),.

wherein a free end (1f) of the protection el-
ement (1) protrudes from the encapsulation (6) after
molding,

wherein the free end (1f) is bent after hav-
ing formed the encapsulation (6) resulting in an orienta-
tion in parallel to a plane extension of the carrier (3),

preferably wherein a portion (1lm) of the pro-
tection element (1) between the free end (1f) and the
terminal (11) extends orthogonal to the plane extension
of the carrier (3) and represents the portion (lm) of the
protection element (1) that i1s encapsulated.

39. Method according to any of the preceding
claims 27 to 31, comprising

prefabricating a component by partly encapsu-
lating the protection element (1) resulting in an encap-
sulation member (5), wherein the encapsulation member (5)
comprises a bottom surface the at least one terminal (11)

of the protection element (1) is exposed from,
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mounting the component onto a top surface of
the carrier (3) the sensor device (2) 1is arranged on,

preferably wherein the sensor device (2) is
uncovered from the encapsulation member (5),

preferably wherein the encapsulation member
(5) encircles the sensor device (2).

40. Method according to claim 39,

wherein the component is mounted to the car-
rier (3) solely by means of the at least one terminal
(11) of the protection element (1).

41. Method according to any of the preceding
claims 27 to 31, comprising

providing the protection element (1) in form
of a bridging structure including at least two terminals
(11,12) and including an extension (111,121) at each of
the at least two terminals (11,12),

forming an encapsulation (6) partly encapsu-
lating the carrier (3), thereby leaving the sensor device
(2) uncovered from the encapsulation (6),

arranging the protection element (1) to
bridge the sensor device (2) and to make the extensions
(111,121) form fit with the encapsulation (6),

preferably wherein the a horizontal portion
(13) of the protection element (1) bridging the sensor
device (2) is arranged on a common level together with
each of the extensions (111,121).
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