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FIG. 1

(57) Abstract: The present sensing device comprises a sensor (1) for providing sensor data representative of a quantity to be meas-
ured. Together with the sensor (1) a radio frequency interface (2) for transmitting the sensor data is arranged in a casing (3). The cas -
ing (3) comprises an opening (33) for exposing a sensitive element (11) of the sensor (1) to an environment of the casing (3). A seal

o (4) is provided for sealing the opening (33) against an interior (3) of the casing (3). The sensing device can be used as autonomous

W

humidity detector for detecting humidity e.g. in cars under test.
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SENSING DEVICE

Cross References to Related Applications

This application claims the priority of Euro-
pean Patent Application 10 015 937.5, filed December 22,
2010, the disclosure of which is incorporated herein by

reference in its entirety.

Technical Field

The present idea refers to a sensing device

and to a method for manufacturing a sensing device.

Background Art

Subject to the application and the quantity
to be measured sensors may need to be arranged at loca-
tions that may be difficult to access. Installing a ca-
bling for connecting such sensors may be cumbersome and
may result in a considerable technical effort and/or in-

vestment.

Disclosure of the Invention

The problem to be solved by the present in-
vention is therefore to provide a sensing device with an
exposed sensitive element which sensing device may be
easily installed in environments which are difficult to
access.

According to a first aspect of the present
invention, a sensing device 1is provided with a sensor for

providing sensor data representative of a quantity to be
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measured, and a radio frequency interface for transmit-
ting thé sensor data. Such sensing device provides a cas-
ing for the sensor and the radio frequency interface, the
casing comprising an opening for exposing a sensitive
element of the sensor to an environment of the casing. A
seal is arranged for sealing the opening against an inte-
rior of the casing.

The sensing device is autonomous in that it
does not need any cabling and is protected from the envi-
ronment such that it can be installed in an exposed man-
ner in even hardly accessible environments. Especially,
the sensing device may be implemented such that it is
also autonomous from a local energy source such as bat-
teries: When the radio frequency interface is implemented
in transponder technology, an external reader may initi-
ate a wireless transfer of energy for operating the sen-
sor and the radio frequency interface. In this sense, not
only data communication is provided wirelessly between
the sensing device and the reader but also the energy
transfer from the reader to the device. The sensing de-
vice may be interpreted as a tag to be attached to its
destination which tag provides sensor data representative
of the quantity of the desired measure when being ener-
gized. Still, the sensor is protected by the casing in-
cluding an appropriate seal between the interior and the
opening in the casing. As such, the sensor device is eas-
ily mountable, requires only little space, and may be:
used in test applications where measures may need to be
taken at multiple locations. The tag may also be mounted
permanently in other applications and transmit sensor
data on demand, i.e. when being energized from the out-
side. In case the casing at least partly makes use of low
cost plastic foils the sensing device can be manufactured
economically and adapts to the shape of the electronics
in the interior which supports a small form factor of the

device.
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The opening in the casing can be arranged in
different parts of the casing. The casing may advanta-
geously comprise a support for holding the sensor and the
interface, and a cover. Support and cover may represent
any two casing elements together forming the casing with
or without additional casing elements. The support typi-
cally is defined as casing element the sensor is arranged
at. When the opening granting access to the sensitive
element of the sensor is arranged in the support, a sen-
sor chip including the sensor and possibly other elec-
tronics may be flip chip mounted on the support. Then,
the sensor preferably covers the opening with its sensi-
tive element facing the opening. On the other hand, when
the opening is included in the cover, the sensor may be
mounted on the support without being flipped, i.e. with
the sensitive element and possibly other electronics in-
tegrated facing the cover. For the reason‘that in such
embodiment the sensor chip is mounted with its back side
to the support, through-silicon vias may be provided in
the sensor chip to establish an electrical connection
from the sensitive element and the electronics on a front
side of the sensor chip to contact pads on a back side of
the sensor chip. In another embodiment, instead of using
through—silicon vias, bond wiring may be applied to the
sensor chip providing an electrical connection from the
front side of the sensor chip to the conducting paths on
the support.

According to another aspect of the present
invention, a method for manufacturing a sensing device is
provided. A sensor for providing sensor data representa-
tive of a quantity to be measured and a radio frequency
interface for transmitting the sensor data are arranged
on a support of a casing for the sensor and for the radio
frequency interface. An opening of the casing for expos-
ing a sensitive element of the sensor to an environment
is sealed against an interior of the casing. The interior

is closed with a cover.
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Other advantageous embodiments of both the
sensor device and the method are listed in the dependent
claims as well as in the description below.

The advantageous embodiments similarly per-
tain to the apparatus and to the method. Synergetic ef-
fects may arise from different combinations of the em-:
bodiments although they might not be described in detail.

Further on it shall be noted that all embodi-
ments of the present invention concerning a method might
be carried out in the order of the steps as described or
in any other order. The disclosure and scope of the in-
vention shall include any. order of steps irrespective of

the order listed in the claims.

Brief Description of the Drawings

The aspects defined above and further as-
pects, featurés and advantages of the present invention
can also be derived from the examples of embodiments to
be described hereinafter and are explained with reference

to Figures of such embodiments.

FIG. 1 shows a longitudinal cut of a sensing
device according to an embodiment of the present inven-
tion,

FIG. 2 shows a longitudinal cut of a sensing
device according to another embodiment of the present in-
vention,

FIG. 3 shows a longitudinal cut of a sensing
device according to a third embodiment of the present in-
vention, and

FIG. 4 shows a flow chart illustrating a
method for manufacturing a sensing device according to an

embodiment of the present invention.
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Modes for Carrying Out the Invention

Similar or relating components in the figures
are provided with the same reference numerals. The view
in the figures is schematic and not fully scaled.

FIG. 1 shows a longitudinal cut of a sensing
device according to an embodiment of the present inven-
tion. In the present example, the sensing device repre-
sents a humidity detector comprising a sensor 1 in form
of a humidity sensor. The humidity sensor 1 is embodied
as a sensor chip comprising a sensitive element 11 which
in the present example may be a polymer layer receptive
to humidity. The polymer layer may interact with elec-
trodes in the sensor chip such that by capacitive sensing
any change in the dielectric properties of the polymer
layer evoked by humidity in the environment of the sensor
1 may be detected.

In. the present example, the sensor 1 is
mounted to a support 31 of a casing 3 for the sensor 1.
The support 31 comprises an opening 33 which faces the
sensitive element 11 of the sensor 1 such that the sensor
1 is enabled to detect the humidity prevailing in an en-
vironment outside the casing 3. At least, the sensitive
element 11 is coupled to the opening 33 such that access
to the measure may be granted. The sensor 1 is flip chip
mounted to the support 31 such that the sensor chip faces
the support 31 with its sensitive element 11. Next to the
sensitive element 11, electronic circuitry may be pro-
vided and integrated in the sensor chip on the same front
side facing the support 31. Solder or other kind of con-
ducting bumps provided between contact pads on the front
side of the sensor chip and contact pads on the support
31 arrange for an electrical connection to conductor
paths 34 arranged on the support 31. In the present exam-
ple, such solder bumps also provide for the mechanical

mounting of the sensor chip to the support 31.
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In addition to the sensor 1, a radio fre-
quency interface 2 is arranged on the support 31. In the
present example, the radio frequency interface 2 com-
prises an antenna 22 arranged on the support 31 and an
integrated radio frequency interface chip 21 providing
electronic circuitry for supporting the interface func-
tions. The interface chip 21 is flip chip mounted to the
support 31 by means of solder bumps 5 arranged between
contact pads on a front side of the interface chip 21
carrying the electronic circuitry and contact pads on the
support 31 which solder bumps S electrically and mechani-
cally connect the interface chip 21 to the conductor
paths 34 of the support 31 and to the antenna 22.

The support 31 may be embodied as a flexible

foil made from plastics such as PET with the conducting

elements such as the conductor paths 34, the antenna 22
and the contact pads and/or other electrical elements
printéd thereon or attached thereto. Alternatively, the
support 31 may be embodied as a flexible printed circuit
board, or as a non-flexible printed circuit board.

A cover 32 is provided for closing an inte-
rior 35 of the casing 3. The sensor 1 and the radio fre-
quency interface 2 are arranged in the interior 35 of the
casing 3 which interior 35 is defined by the support 31
and the cover 32. The cover 32 preferably is embodied as
a flexible foil made from plastics such as PET. In its
periphery, the cover 32 may be glued or bonded to the
support 31 such that this mechanical interface provides
for a water-tight and/or gas-tight seal subject to the
application of the sensing device. By means of the flexi-
ble cover 32, the casing 3 may be adapted in shape to the
components in the interior 35 and as a result only claim
little space. The interior 35 may be filled by air, or
may be filled by a semi-solid or a solid compound. In a
preferred embodiment, the interior 35 may be filled by
one of a polymer, an adhesive, or a film. In case the

sensor 1 is embodied as a humidity sensor and the sensi-
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tive element 11 is sensitive to humidity, complete or
partial filling of the interior 35 may prevent from hav-
ing a micro climate developed in the interior 35.

The radio frequency interface 2 is adapted
for transmitting data in the radio frequency range -
preferably in the high frequency range of 10 kHz to 10
GHz - to some external receiver by means of the antenna
22. Such data preferably is data received from the sensor
1 which sensor data preferably provides information about
the reiative humidity in the present example. Such sensor
data may already be digitized in the sensor 1 and be pro-
vided as digital value to the radio frequency interface
2. In addition, the radio frequency interface 2 may be
embodied to transmit an identifier for identifying the
present sensing device and distinguish it from other
sensing devices.

In a very preferred embodiment, the radio
frequency interface 2 comprises means. for deriving energy
from a signal received by the antenna 22 of the radio
frequency interface 2 for operating the sensor 1 and for
operating the radio frequency interface 2. Such means may
comprise a rectifier for converting AC into DC and a
storage capacity. As such, the sensing device in an ad-
vantageous empbodiment is a passive component without any
energy source. including any battery. In such scenario,
the interface 2 preferably comprises a transponder simi-
lar fé the bnes used in the Radio Frequency Identifier
RFID technology which when exposed to an electric field
of a reader is energized and reacts by transmitting data
such as the sénsor data and the identification to the
reader. In this context, any data communication between
the external reader and the sensing device preferably may
be bidirectional in a wireless way. An enerqgy transfer is
performed by the reader to the sensing device in a wire-
less way. Still, in another embodiment, the sensing de-
vice may comprise one or more active components such as a

battery for supplying the sensor 1 and the radio fre-
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quency interface 2 with energy from within the sensing
device rather than from the outside.

In any of these scenarios, the sensing device
can wirelessly interact with a remote reader for reading
the sensor data from the sensing device which reader
preferably is adapted to receive and identify the sensor
data possibly along with other information such as an
identifier of the sensing device. In case the sensing de-
vice is a passive component, the reader energizes the
sensing device and reads out the sensor data during such
energizing period.

For the reason that the sensing device shall
reliably be operated in any environment, all mechanical
interfaces comprised in the casing 3 advantageously are
sealed against splash water. In another embodiment, the
mechanical interfaces may be embodied to prevént a con-
densate from entering the interior 35, especially, when
the sensing device is embodied as humidity sensing de-
Vice.iHence, a seal 4 is provided for sealing the opening
33 against the interior 35 of the casing 3. The seal 4

may be preferably be embodied as a functional polymer or

as a sealing adhesive. In some embodiments, the sealing

device may even be embodied as an O-ring made from rub-

- ber. In the preSent example, the seal 4 is built by the

solder bumps also used for electrically and mechanically
connecting the sensor 1 to the support 2. An underfill
may be used for enhancing the mechanical stability of the
connection. In another preferred embodiment, an adhesive
connection may be used, e.g. in the form of an Anisot-
ropic Conductive Adhesive (ACA) or a Non Conductive Adhe-
sive (NCA). Such connection may simultaneously provide
the electrical connection and mechanical stability. For
such connection, the chip is prepared by arranging con-
ducting bumps on the contact pads of the chip. The adhe-
sive typically is arranged on the chip not only around
the bumps but also in other areas for providing good me-

chanical stability. In the present example, the adhesive,
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of course, would not cover the sensitive element 11 or
other parts of the chip surface facing the opening 33.
Subsequently, the chip is pressed against the support 31.
When the adhesive hardens it shrinks such that the bumps
are drawn into the contact pads on the support and pro-
vide for an electrical connection in combination with me-
chanical stability. The adhesive in the first embodiment
may comprise few conducting particles which enhance the
electrical connection only at the contact between the
bump and the contact pad while the non conducting adhe-
sive does not include such particles. The bumps advanta-
geously are made from gold by cutting a golden bond wire
after connecting it to the contact pad of the chip.

The tag-like sensing device can easily be
used and attached in/to any locations that are difficult
to access. No cabling is required and due to its small
size the sensing device may also be installed in small

compartments. For attaching the sensing device to a

- mounting location it is preferred that either the cover

32 may be provided with an adhesive layer at its outside
surface, or the support 31 may be provided with an adhe-
sive at its outside surface such that the sensing device
may simply be glued to the mounting location. However, in
case the outside surface of the support 31 is used to
mount the sensing device to its destination, care needs
to be taken that the opening 33 still provides sufficient

~access to the environment. In another preferred embodi-

ment, an absorbing layer made from metal is attached to
the outside surface that will be facing the mounting des-
tination. An adhesive in turn may be attached to the ab-
sorbing layer for mounting the tag. When mounting the tag
to a metal destination, a magnetic flux issued by the
reader may induce currents into the metal destination.
Such induced currents in turn may invoke a magnetic field
which may impair the electromagnetic field of the reader

and as such cause malfunctions in the communication be-
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tween the tag and the reader. The magnetic layer may re-
duce or cancel this effect.

' FIG. 2 shows a longitudinal cut of a sensing
device according to another embodiment of the present in-
vention. This embodiment differs from the embodiment in
Figure 1 in that the opening 33 is arranged in the cover
32 instead of in the support 31. This in turn requires
the sensitive element 11 not to face the support 31 but
to face the opening 33 in the cover 32. Accordingly, the
sensitive element 11 and any electronic circuitry are ar-
ranged at a front side of the sensor chip which faces the
cover 32. In order to provide an electrical connection
between the sensor 1 and the support 31 the present sen-
sor chip comprises contact pads on the back side which
are soldered by means of solder bumps 5 to contact pads
on the support 31. For connecting the sensitive element
11 and the circuitry on the front side of the sensor chip
to the contact pads on its back side through-silicon vias
are provided in the sensor chip which constitute an elec-
trical connection through the depth of the sensor chip.
For the interface chip 21 there is no modification needed
compared to the embodiment of Figure 1. It still may be
flipped and mounted with its front side comprising the
circuitry to the support 31 in a flip chip manner.

FIG. 3 shows a longitudinal cut of a sensing
device according to another embodiment of the present in-
vention. This embodiment differs from the embodiment in
Figure 2 in that no longer flip chip mounting technology
is used but wire bonding for electrically contacting the
sensor chip and the interface chip 21 to the support 31.
Both of the chips are arranged on the support 31, e.g.
glued to the support 31. Wire bonding is applied to the
front sides of the chips. The bond wires are enclosed by
a compound 7 prior to closing the casing 3 by means of
the cover 32.

The seal in Figures 2 and 3 may again be one

of a sealing adhesive, a functional polymer, a rubber O-
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ring, solder bumpé, or a combination of bumps and adhe-
sive. In the embodiments of Figure 2 and 3, advanta-
geously an adhesive layer for attaching the sensing de-
vice to its destination is provided on the outside sur-
face of the support 31.

' FIG. 4 shows a flow chart illustrating a
method. for manufacturing a sensing device according to an
embodiment of the present invention. In step 10 a support
is provided with a layout provided thereon comprising
conductor paths and possibly the antenna of the radio
frequency interface, and contact pads. Such support may
be prefabricated. In step 1l a sensor for providing sen-
sor data représentative of a quantity to be measured and
a radio frequency interface for transmitting the sensor
data are arranged on the support at the desired posi-
tions. In a first embodiment, such arrangement includes
arranging the sensor on top of an opening in the support.
In this embodiment such arrangement also includes provid-
ing the mechanical and electrical connection between the
sensor and the support as illustrated in connection with
Figure 1, for example. The sensor chip and the interface
chip may be prepared with solder bumps at their contact
pads to be ready to be pressed against the contact pads
of the support. In such embodiment, the solder bumps may
simultaneously build the seal between the opening and the
sensor. Alternatively, the sealing material may be at-
tached to the cover around the opening. Finally, a cover
is attached tb the support in step 12 by that building a
casiﬁg for the sensor and the interface and by that clos-
ing the interior of the casing.

In an alternative embodiment, the cover in-
cludes the opening. In such scenario, the arrangement of
step 11 includes providing the mechanical and electrical
connection between the sensor and the support, as illus-
trated in connection with Figure 2, for example. In step
13 a sealing material is attached to the sensor. Alterna-

tively, in step 14 the sealing material is attached to
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the cover around the opening. Finally, in both alterna-
tives, the cover is attached to the support in step 12 by
that building a casing for the sensor and the interface.
By means of pressing the cover against the sensor, the
seal between the opening and the interior becomes effec-
tive.

In another embodiment, the arrangement of
step 11 includes providing only the mechanical connection
between the sensor and the support, as is‘illustrated in
connection with Figure 3, for example. In such scenario,
in step 15 the electrical cbnnection is provided, for ex-
ample, by means of wire bonding and moulding the bond
wires into a compound. Then, in step 13, the sealing ma-
terial may be attached to the sensor, and the cover
closes the interior in step 12. Alternatively, in step 14
the sealing material is attached to the cover, and the
interior is closed by the cover in step 12. The process .
steps may be executed in the suggested sequence. However,
variations are possible: For example, the sealing mate-
rial may be attached to the sensor prior to electrically
connecting the sensor to the support. In case of attach-
ing the sealing material to the cover, this step may be
executed independent from all the other steps as the
cover can be prefabricated including the sealing mate-
rial.

The step of closing the interior by means of
the cover with the cover holding the opening always in-
cludes aligning the opening in the cover with the sensor
on the support.

The present invention is not limited to the
application of humidity sensing. The sensor may be any
sensor for measuring a quantity of a measure in an envi-
ronment of the sensor. Insofar, the sensor may be a lig-
uid or gas flow sensor, a pressure sensor, a chemical
sensor or an infrared sensor. For the first one of these
applications, it is preferréd that the seal between the

sensor and the opening is a liguid-tight seal, for the
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second one of these applications it is preferred that the
seal is a gas-tight seal.

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. Sensing device, comprising

a sensor (1) for providing sensor data repre-
sentative of a quantity to be measured,

a radio frequency interface (2) for transmit-
ting the sensor data,

alcasing (3) for the sensor (1) and the radio
frequency interface (2), the casing (3) comprising an
opening (33) for exposing a sensitive element (11) of the
sensor (1) to an environment of the casing (1), and

a seal (4) for sealing the opening (33)

against an interior (35) of the casing (3).

2. Sensing device according to claim 1,
wherein the casing (3) comprises a support (31) for the
sensor (1), the support (31) comprising conductor paths
(34) for electrically connecting the sensor (1) to the

radio frequency interface (2).

3. Sensing device according to claim 2,
wherein the support (31) is built from a plastic foil
with one or both of the conductor paths (34) and an an-
tenna (22) of the radio frequency interface (2) being ar-

ranged on the. foil.

4. Sensing device according to claim 2 or
claim 3, wherein the sensor (1) comprises a sensor chip

which is flip chip mounted to the support (31).

5. Sensing device according to any one of the
preceding claims 2 to 4, wherein the radio frequency in-
terface (2) comprises an interface chip (21) which inter-

face chip (21) is flip chip mounted to the support (31).
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6. Sensing device according to any one of
claims 2 to 5, wherein the support (31) comprises the

opening (33), and wherein the seal (4) is arranged be-

tween the sensor (1) and the support (31).

7. Sensing device according to claim 6,
wherein the seal (4) is built from one of a polymer, an
adhesive layer, and solder bumps arranged between the

sensor (1) and the support (31).

8. Sensing device according to any one of the
preceding claims, wherein the casing (3) comprises a
cover (32), wherein the cover (32) is built from a flexi-
ble foil made from plastics, and wherein a periphery of
the cover (32) is attached to a periphery of the support
(31).

9. Sensing device according to any one of the
preceding claims 4 to 8, wherein the sensor chip com-
prises through-silicon vias for electrically connecting
electronic components arranged next to the sensitive ele-
ment (11) at one side of the sensor chip to contact pads
for electrically contacting the sensor chip to the sup-
port (31) arranged at an opposite side of the sensor

chip.

10. Sensing device according to any one of the
preceding claims, wherein the sensor (1) is electrically
connected to the support (31) by means of bond wires, and
wherein the interior (35) of the casing (3) is at least

partially filled by a compound (7).

11. Sensing device according to claim 8 in
combination with claim 9 or claim 10, wherein the cover
(31) includes the opening (33), and wherein the seal (4)

is arranged between the sensor (31) and the cover (32).
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12. Sensing device according to any one of
the preceding claims, comprising means for deriving en-—
ergy from a signal received by an antenna of the radio

frequency interface (2) for operating the sensor (1).

13. Sensing device according to any one of the
preceding claims, wherein the seal (4) is one of a lig-
uid-tight and a gas-tight seal, and wherein the sensor
(1) is one of a humidity sensor and a pressure sensor, a

flow sensor, a chemical sensor and an infrared sensor.

14.Method for ménufacturing'a sensing device,
comprising the steps of

arranging a sensor (1) for providing sensor
data representative of a quantity to be measured and a
radio frequency interface (2) for transmitting the sensor
data on a support (31) of a casing (3) for the sensor (1)
and for the radio frequency interface (2),

providing a seal (4) for sealing an opening

- (33) of the casing (3) for exposing a sensitive element

(11) of the sensor (1) to an environment against an inte-
rior (35) of the casing (3), and
closing the interior (35) with a cover (32).

15.Method of claim 14, comprising the step of
flip chip mounting the sensor (1) embodied as a sensor
chip to the support (31) such that the sensitive element
(11) faces the opening (33) which opening (33) is ar-
ranged in the support (31).

16.Method of claim 14, comprising the step of
arranging the seal (4) at one of the sensor (1) and the
cover (32) wherein the opening (33) is arranged in the
cover (32), and closing the casing (3) with the cover
(32) such that the sensitive element (11) faces the open-
ing (33).
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