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(54) Electromagnetic shielding of a connector arrangement

(57) The invention relates to the improvement of
electromagnetic shielding properties of a connector ar-
rangement. To meet the high demands on electromag-
netic shielding properties for connectors, an electromag-
netic shielding element (16) in a connector arrangement
is provided that together with a shielding frame (12) of a
connector or alternatively with a device housing is pro-
viding an improved electromagnetic shielding of the con-
nector. Thereby, the design of the shielding element and
its use in the connector arrangement provides a Faraday
cage in the area of connection between the connector
and a circuit board so that electromagnetic interference
of components on the circuit board or from outside the
connector arrangement may be significantly reduced.
The electromagnetic shielding element itself is provided
as a separate element with a plurality of protrusions (17)
that can be resiliently and/or detachably engaged to a
shielding frame of the connector or the device housing
of the connector arrangement.
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Description

FIELD OF THE INVENTION

�[0001] The invention relates to a connector arrange-
ment and a system incorporating the connector arrange-
ment. The connector arrangement is equipped with a
shielding element for reducing the interference in the ar-
ea of the connection of the arrangement.

TECHNICAL BACKGROUND

�[0002] These days there exists a high demand on high
speed networks with high data rates. Also the number of
electronic devices grows and thus also the required
bandwidth increases, which is necessary for serving all
devices with a high speed network access.
�[0003] Due to the high clock rates of today’s networks
and electronic devices, electromagnetic interference is
one of the common problems encountered. Generally,
parasitic radiation is generated from electrical compo-
nents or circuits during operation which may influence
the electrical performance of other electronic compo-
nents. Equally important is a parasitic radiation which
frequently occurs at the interface where an electronic de-
vice is attached to a high speed network. In such a case,
electromagnetic interference may occur between the net-
work cable and the electronic components of, for in-
stance, the circuit board of the electronic device, in both
directions.
�[0004] Therefore, it is important to shield the electronic
devices against electromagnetic interference.
�[0005] In vehicle appliances, for example, the number
of devices more and more increases due to the need of
more sensors, actors, etc. Since that time the car enter-
tainment plays an important role, also the number of mul-
timedia devices has increased. In today’s cars, for in-
stance, a navigation system, DVD player, sound system
and many advanced driver assistance systems almost
belongs to the standard configuration and are operating
simultaneously in many cases. To meet the high de-
mands on bandwidth, for example, the MOST network
has been developed for car appliances, whereby high
data rates are used on optical/ �electrical bus systems to
interconnect different components in the vehicle.
�[0006] However, due to the high data rates, electro-
magnetic interference becomes an issue. Especially, the
interference from devices coupled to the bus are of con-
cern. To couple devices to a bus system, connector ar-
rangements are used, whereby in many cases interfer-
ence occurs which may be caused by either the device
itself or by the bus.
�[0007] As the requirement of the MOST bus system,
for instance, are very strictly, a suitable electromagnetic
shielding of such connector arrangements is inevitable.
�[0008] However, shielding of the electronic devices, in
particular the interface where an electronic device is at-
tached to a high speed network has not been satisfactory

solved in the prior art. Solving these shortcomings would
be a great benefit for increasing the robustness against
electromagnetic interference of electronic devices.

SUMMARY OF THE INVENTION

�[0009] One object of the invention is to improve the
electromagnetic shielding properties of a connector ar-
rangement. Another object is to improve the properties
of a connector arrangement so as to meet the high de-
mands on electromagnetic shielding properties for con-
nectors in car applications.
�[0010] At least one of these objects is solved by the
subject matter of the independent claims. Advantageous
embodiments are subject to the dependent claims.
�[0011] One aspect of the invention is the utilization of
an electromagnetic shielding element in a connector ar-
rangement that together a shielding frame of a connector
or alternatively with a device housing (of a device com-
prising the connector arrangement) is providing an im-
proved electromagnetic shielding of the connector. The
design of the shielding element and its use in the con-
nector arrangement may provide a Faraday cage in the
area of connection between the connector and a circuit
board (the so-�called mounting area) so that electromag-
netic interference of components on the circuit board or
from outside the connector arrangement may be signifi-
cantly reduced. The electromagnetic shielding element
may be provided as a separate element that can be re-
siliently and/or detachably engaged to a shielding frame
of the connector or the housing of a device housing the
connector arrangement.
�[0012] In one embodiment of the invention, the con-
nector arrangement comprises a connector element for
receiving a plug or receivable by a socket. The connector
element is equipped with an electromagnetic shielding
frame. Further, the connector arrangement comprises a
circuit board having a front surface and a rear surface.
The connector element is mountable on the front surface
of the circuit board, and - when being mounted - covers
a certain area of the circuit board, which is referred to as
the mounting area.
�[0013] The connector arrangement also comprises an
electromagnetic shielding element covering at least the
rear surface of the circuit board in the circumference of
the mounting area of the connector element. The elec-
tromagnetic shielding element comprises at least one
protrusion for resiliently and/or detachably engaging the
shielding frame of the connector and for electrically cou-
pling the shielding element to the shielding frame of the
connector element.
�[0014] As indicated above, the electromagnetic shield-
ing element may also be engaged directly with the hous-
ing of a device housing the connector arrangement. For
example, the device housing is at least partly made out
of conductive material, so that a Faraday cage may be
provided in the space surrounded by the shielding ele-
ment and the device housing. This alternative connector
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arrangement according to another embodiment of the
invention is for incorporation in a housing and comprises
a connector element for receiving a plug or receivable
by a socket and a circuit board having a front surface and
a rear surface. The connector element can be mounted
on the front surface of the circuit board thereby covering
a mounting area of the circuit board. An electromagnetic
shielding element is further provided for covering at least
the rear surface of the circuit board in the circumference
of the mounting area of the connector element. The elec-
tromagnetic shielding element comprises at least one
protrusion for resiliently and/or detachably engaging the
device housing thereby electrically coupling the shielding
element to the device housing.
�[0015] As indicated above, the electric coupling of the
electromagnetic shielding element of the connector ar-
rangement with the at least one protrusion to a shielding
frame of the connector element or a device housing is
intended to provide a Faraday cage in the mounting area
of the connector element on the circuit board.
�[0016] In a variation, the electromagnetic shielding el-
ement is provided with plural protrusions for resiliently
and/or detachably clipping the electromagnetic shielding
element to the connector element and/or the device
housing. For example, the protrusions me be spring clips.
�[0017] Furthermore, in another embodiment of the in-
vention, the circuit board is provided with a plurality of
through holes in a circumference of the mounting area
of the connector element on the circuit board. When hav-
ing mounted the shielding element, its protrusions may
reach through the through holes for electrically coupling
the shielding element to the shielding frame of the con-
nector element or the device housing.
�[0018] In a variation of this embodiment, the protru-
sions provide a resilient and/or detachable electric cou-
pling of the electromagnetic shielding element to the
ground potential of the circuit board. The through holes
may be for example coated by an electrically conductive
material electrically coupled to the ground potential of
the circuit board.
�[0019] In another embodiment, the shielding of the
connections between connector and circuit board may
be further improved by further using filter elements. For
example, the circuit board may comprise at least one
filter mounted in the circumference of the intersection of
the circuit board and an area being formed by at least
two of the protrusions of the shielding element. The filter
element �(s) may be for example realized by means of a
T- �filter or a Π-�filter.
�[0020] In another variation, the filter has a grounding
terminal, and the component housing of the filter is
mounted on the circuit board within the mounting area of
the connector element, whereby the grounding terminal
of the filter is located in the circumference of the before
mentioned intersection of the circuit board and an area
being formed by at least two of the protrusions of the
shielding element.
�[0021] In another embodiment, the electromagnetic

shielding may further comprise a spring clip for resiliently
and/or detachably fixing the electromagnetic shielding
element to the circuit board.
�[0022] Moreover, in another embodiment of the inven-
tion, the electromagnetic shielding element comprises at
least one heat sink for providing a thermal connection
between a circuit element on the circuit board, when
mounting the connector arrangement. This may for ex-
ample allow for not only using the electromagnetic shield-
ing element for reducing electromagnetic interference
but also for a regulation of the temperature.
�[0023] As previously mentioned, the connector ar-
rangement may be mounted within a housing of a device.
This housing may be for example conductive so that the
shielding frame of the connector element can be electri-
cally coupled to the housing. Thus, the electromagnetic
shielding frame can be for example connected to the
ground potential of the housing of the device via the
shielding frame of the connector element.
�[0024] Another embodiment of the invention relates to
a system comprising a connector arrangement according
to one the different embodiments described herein, and
a second circuit board mounted across to the circuit board
of the connector arrangement (referred to as the first cir-
cuit board). This second circuit board may be further elec-
trically coupled to said circuit board of the connector ar-
rangement (i.e. the fist circuit board).
�[0025] In a variation, the electromagnetic shielding el-
ement of this system is electrically coupled to the ground
potential of the second circuit board by at least one pro-
trusion of the electromagnetic shielding element.
�[0026] The system may for example further comprise
at least one filter (element) mounted in the circumference
of the intersection of the second circuit board and a fic-
titious elongation of the part of the shielding element cov-
ering at least the rear surface of the circuit board in the
circumference of the mounting area of the connector el-
ement, which may allow for further improving the shield-
ing of interference.
�[0027] In another example, the system may comprise
at least one filter (element) mounted on the second circuit
board within the circumference of the intersection of the
second circuit board and a fictitious elongation of the part
of the shielding element that, when the system is mount-
ed, is essentially parallel to the first circuit board.
�[0028] The electromagnetic shielding element may be
further provided with plural protrusions for resiliently
and/or detachably fixing the electromagnetic shielding
element to the connector element or the device housing.
Moreover, the second circuit board may comprise a plu-
rality of through holes through which, when having
mounted the shielding element, at least some of the plu-
rality of protrusions of the electromagnetic shielding el-
ement reach through the through holes of the second
circuit board for electrically coupling the shielding ele-
ment to the shielding frame of the connector element or
the device housing. In this example, the protrusions of
the second circuit board may provide a resilient and/or
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detachable electric coupling of the electromagnetic
shielding element to the ground potential of the second
circuit board. In addition, the through holes of the second
circuit board may be for example coated by an electrically
conductive material electrically coupled to the ground po-
tential of the second circuit board.
�[0029] Another embodiment of the invention provides
a vehicle entertainment and information processing de-
vice that is comprising a connector arrangement accord-
ing to one of the different embodiments described herein
or a system according to one of the different embodi-
ments described herein.
�[0030] According to another embodiment, the inven-
tion also relates to a method for mounting a connector
arrangement comprising a connector element, a circuit
board and an electromagnetic shielding element. The ter-
minals of the connector element may be connected to
the circuit board, to thereby mount the connector element
within a mounting area on a front surface of the circuit
board, and the electromagnetic shielding element may
be further mounted to thereby cover at least the rear sur-
face of the circuit board in the circumference of the
mounting area of the connector element. At least one
protrusion of the shielding element may be resiliently
and/or detachably engaged to and electrically coupled
to the shielding frame of the connector.
�[0031] Alternatively, in another embodiment, the meth-
od comprises connecting terminals of the connector el-
ement to the circuit board, to thereby mount the connector
element within a mounting area on a front surface of the
circuit board, mounting the circuit board and the connec-
tor element within the device housing and mounting the
electromagnetic shielding element to thereby cover at
least the rear surface of the circuit board in the circum-
ference of the mounting area of the connector element,
wherein at least one protrusion of the shielding element
is resiliently and/or detachably engaged to and electri-
cally coupled to the device housing.
�[0032] In both methods, a second circuit board may be
mounted cross to said circuit board, and the electromag-
netic shielding element may be and electrically connect-
ed to the ground potential of the second circuit board.

BRIEF DESCRIPTION OF THE FIGURES

�[0033] In the following, the invention is described in
more detail in reference to the attached figures and draw-
ings. Similar or corresponding details in the figures are
marked with the same reference numerals. �

Fig. 1 illustrates a housing device comprising electri-
cal components and a connector arrangement
according to an exemplary embodiment of the
invention,

Fig. 2 illustrates the resilient and detachably mount-
ing of the electromagnetic shielding element at
the connector element according to an exem-

plary embodiment of the invention,

Fig. 3 illustrates a detailed view of the connector ar-
rangement according to an exemplary embod-
iment of the invention,

Fig. 4 illustrates the rear side of the connector ele-
ment together with pins for attaching plugs ac-
cording to an exemplary embodiment of the in-
vention,

Fig. 5 illustrates the connector arrangement compris-
ing the electromagnetic shielding element to-
gether with elongated protrusions according to
an exemplary embodiment of the invention,

Fig. 6 illustrates a top view on the connector element
together with the electromagnetic shielding el-
ement mounted on the electromagnetic shield-
ing frame according to an exemplary embodi-
ment of the invention,

Fig. 7 illustrates the connector arrangement mechan-
ically implemented in the device housing ac-
cording to an exemplary embodiment of the in-
vention.

DETAILED DESCRIPTION OF THE INVENTION

�[0034] To solve the above mentioned problem, the in-
vention provides a shielding part for a connector element
which may be clipped on the sides of the connector ele-
ment on a conductive frame which is provided around
the connector element. Together with the conductive
frame, the shielding part forms a Faraday cage so as to
electromagnetically shield the certain area of the circuit
board which is located underneath the shielding frame
respectively shielding element. The certain area is also
called the mounting area.
�[0035] Alternatively, the shielding element may also
be clipped directly to the device which comprises the con-
nector arrangement in order to improve the electromag-
netic shielding of the connector.
�[0036] As a result, electromagnetic interference of
components on the circuit board or from outside the con-
nector arrangement may be significantly reduced.
�[0037] Fig. 1 illustrates a housing device 18 together
with a plurality of circuit boards, a cooling unit and, in
particular, a connector arrangement. Generally, such a
device may be, for instance, an operating unit of a nav-
igation system in a vehicle or any other multimedia device
for being used in an automotive environment. For in-
stance, the housing may be incorporated in a specific
bay of a dashboard of a car. The device may be attached
to, for instance, a network of a vehicle. The network may
be an optical or electrical high speed data network for
exchanging data between the various devices within the
vehicle. It may be a bus system, like a CAN bus or a
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network with ring topology, like token ring network, for
example. Such an optical high speed ring network may
be for example an optical MOST network.
�[0038] When devices are operated in a network, nec-
essarily, each device must comprise an interface for con-
necting to the main network, for instance, of a car. Such
an interface is also required for converting any signal
between the main network and the device.
�[0039] In Fig. 1, such an interface is shown by a con-
nector arrangement, which comprises a circuit board 13
with a front surface 14 and a rear surface 15 and a con-
nector element 11, which is mounted on the front surface
14 of the circuit board 13. The area of the front surface
14, which is covered by the connector element 11 de-
notes the mounting area of the connector element 11.
�[0040] In case of being an optical network, the connec-
tor arrangement may also comprise signal converting
means for converting the optical signals of the network
to electrical signals and vice versa. The interface con-
nection may be realized by an optical or electrical plug-
and-�socket connection.
�[0041] In order to shield the parasitic radiation caused
by the conversion of signals respectively reception and
transmission of signals from or to the main network, or
any other parasitic radiation from the inside or outside of
the device. An electromagnetic shielding frame 12 may
be provided that is typically enclosing a part of the con-
nector element 11. According to one embodiment of the
invention, an additional electromagnetic shielding ele-
ment 16 is provided, which allows to further reduce the
electromagnetic interference between the components
on the circuit board 32 and the network connector ar-
rangement and vice versa.
�[0042] The shielding element 16 may also, for in-
stance, significantly reduce the electromagnetic interfer-
ence on the electronic components located within the
mounting area, caused from outside the connector ar-
rangement and vice versa.
�[0043] The shielding element 16 may also, for in-
stance, significantly reduce the electromagnetic interfer-
ence on the electronic components located within the
mounting area, caused from electronic components lo-
cated outside the mounting area on the circuit board 13
and vice versa.
�[0044] Using the electromagnetic shielding element 16
as shown in Fig. 1, it may also be prevented that elec-
tromagnetic interference occurs between the connector
element 11 together with the electronic components lo-
cated on the circuit board within the mounting area and
for instance another circuit board or any other electronic
element or device inside the device housing 18.
�[0045] As shown in Fig. 1, the electromagnetic shield-
ing element 16 is mounted parallel to the circuit board 13
and covers the mounting area of the rear surface 15 of
the circuit board 13. Also shown are protrusions 17 of
the electromagnetic shielding element 16, which may be
vertical to the surface of the electromagnetic shielding
element 16 that covers the mounting area. In one em-

bodiment, the protrusions 17 are in contact with the
shielding frame 12 of the connector element 11. Such
arrangement of the electromagnetic shielding element
16 being attached to the electromagnetic shielding frame
12 provides a Faraday cage, whereby the mounting area
is within the area of the Faraday cage so that electro-
magnetical isolation is provided. The protrusions 17
shown in Fig. 1 have a predetermined spacing, whereby
the distance between the protrusions may for example
be indirectly proportional to the highest parasitic frequen-
cy to be filtered. Preferably, the highest parasitic frequen-
cy to be filtered is located in the GHZ-�range which results
in a spacing for the protrusions 17 of the electromagnetic
shielding element 16 of approximately 1 cm.
�[0046] As a further embodiment of the invention, the
electromagnetic shielding element 16 may be either
mounted to the electromagnetic shielding frame 12 of the
connector element 11 or to the device housing 18 directly.
In both cases, a Faraday cage is provided respectively
the mounting area of the circuit board 13.
�[0047] When using the protrusions 17 for mounting the
electromagnetic shielding element 16 to the connector
element 11, the protrusions provide a resilient and de-
tachable connection to the connector element 1 respec-
tively the electromagnetic shielding frame 12. The elec-
tromagnetic shielding element 16 may be additionally
held and fixed or prevented from slipping by an optional,
separate spring clip 20, as shown in Fig. 1. The separate
spring clip 20 may be attached to a hole 19 of the circuit
board 13 so as to prevent the electromagnetic shielding
element 16 from slipping from its position.
�[0048] In a conventional manner, the electromagnetic
shielding element 16 may be fixed at the connector ele-
ment 11, at the electromagnetic shielding frame 12 or at
the circuit board 13 by soldering the protrusions thereto.
Such a conventional fixation by soldering during the man-
ufacturing procedure may however lead to an destruction
of the electronic components of the circuit board 13 due
to the impact of soldering heat. In order to prevent such
a damage, a certain distance between the soldering point
and the closest electronic component must be adhered.
This may however, lead to an ineffective arrangement of
electronic components or to a waste of space on the cir-
cuit board 13. Thus, by using the resilient and detachable
connection of the shielding element 16 and connector
element 11, more electrical components or filter may be
placed within the mounting area of the circuit board 13,
and the layout of such elements for providing an optimal
electromagnetic shielding may be optimized.
�[0049] Therefore, an advantage of using resilient and
detachable protrusions 17 is that no soldering has to be
carried out for the attachment of the electromagnetic
shielding element 16 to the connector element 11 or to
the electromagnetic shielding frame 12. Also, by using
spring clips 20 for attaching the electromagnetic shielding
element 16 to the holes 19 of the circuit board 13, sol-
dering is prevented.
�[0050] A further advantage of using resilient and de-
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tachable protrusions 17 is that it may be mounted during
manufacturing fast and is thus more cost effective com-
pared to conventional ways of mounting such a electro-
magnetic shielding element 16 to the connector element,
i.e. by soldering.
�[0051] According to another embodiment, by means
of the spring clip 20 which may be provided on each ver-
tical edge of the electromagnetic shielding element 16
and mounted on a hole 19 on the circuit board 13, it may
be ensured that the electromagnetic shielding element
16 also may not slip in the direction of the circuit board
13, which possibly may result in a short circuit on between
the electronic components of the mounting area due to
the conductive material of the electromagnetic shielding
element 16. As shown in Fig. 1, the spring clip 20 may
comprise a bent shape so as to ensure a predetermined
distance between the electromagnetic shielding element
16 and the circuit board 13.
�[0052] In another embodiment, the surface of the elec-
tromagnetic shielding element 16 may not be plated as
shown in Fig. 1, but rather a lattice. In such a case, the
lattice space may be indirectly proportional to the highest
parasitic frequency to be filtered, as also valid for the
calculation of the distance of the protrusions 17. Another
possible structure for use as an electromagnetic shield-
ing element may be a conductive punched plate. An ad-
vantage of the electromagnetic shielding element 16
made of a lattice may be the reduction of material needed
for manufacturing which leads to more cost effective-
ness. Also, a weight reduction comes along with such an
implementation of the electromagnetic shielding element
16 made of a lattice.
�[0053] In another embodiment, further filter elements
may be provided on the circuit board 13, which may be
located in the circumference of the intersection of the
circuit board 13 and an area being formed by at least two
of the protrusions 17 of the electromagnetic shielding el-
ement 16. By additionally using filter elements, the elec-
tromagnetic shielding may be further improved. Such a
filter may be for instance a T-�filter or a Π-�filter. In another
embodiment, the filter may have a grounding terminal
which may be located in the circumference of the inter-
section of the circuit board 13 and an area being formed
by at least two of the protrusions 17 of the electromag-
netic shielding element 16. The filters further may be pro-
vided on both surfaces of the circuit board 13.
�[0054] In another embodiment, at least one filter may
also or alternatively mounted in the circumference of the
intersection of the second circuit board 32 and a fictitious
elongation of the part of the electromagnetic shielding
element 16 covering at least the rear surface 15 of the
circuit board 13 in the circumference of the mounting area
of the connector element 11. The part of the electromag-
netic shielding element 16 that covers at least the rear
surface 15 of the circuit board 13 may be parallel to the
circuit board 13. In order to distinguish between the two
circuit boards 13 and 32, the circuit board 13 may also
be denoted as the first circuit board 13, whereby the cir-

cuit board 32 may be denoted as the second circuit board
32.
�[0055] In a further embodiment, the surface of the elec-
tromagnetic shielding element 16 may be used as a heat
sink for dissipating the heat produced by the electronic
elements of the mounting area underneath the electro-
magnetic shielding element 16. In addition, a cooler may
be mounted on the surface of the electromagnetic shield-
ing element 16 to further assist in dissipating the heat.
In case of the electromagnetic shielding element 16 being
realized as a lattice, a heat sink may also be provided
and cooling fins may be supplied as well in order to im-
prove the air convection.
�[0056] In another embodiment of the invention, the
holes 19 on the circuit board 13 may be coated with an
electrically conductive material (for example gold plated)
and may be coupled to the ground potential of the circuit
board 13. If the spring clips 20 are soldered to the coated
holes 19, the electrical ground potential of the circuit
board is also provided to the electromagnetic shielding
element 16. Also, any other hole in the circuit board 13
through which the protrusions 17 are mounted may be
coated by an electrically conductive material for soldering
the protrusions 17 thereto.
�[0057] Fig. 2 shows another, more detailed partial view
of a connector arrangement according to one embodi-
ment of the invention and in particular, the mounting of
the electromagnetic shielding element 16 to the electro-
magnetic shielding frame 12 by resiliently and detachably
clipping the protrusions 17 of the electromagnetic shield-
ing element 16 to the electromagnetic shielding frame
12. In order to provide a more efficient shielding, the cir-
cuit board 13 may comprise through holes 31 through
which the protrusions reach to the electromagnetic
shielding frame 12. As a result, all four sides of the con-
nector element 11 are shielded so as to provide a com-
plete Faraday cage. Thereby, the distance between the
protrusions may be indirectly proportional to the highest
parasitic frequency to be filtered.
�[0058] Fig. 3 shows another partial view of the connec-
tor arrangement according to one embodiment of the in-
vention, wherein the circuit board 13 has a plurality of
through holes 31 in the circumference of the mounting
area of the connector element on the circuit board 13. In
this embodiment, the protrusions 17 may reach through
the shown through holes 31 so as to electrically couple
the electromagnetic shielding element 16 to the shielding
frame 12 of the connector element 11.
�[0059] Protrusions 33 of the electromagnetic shielding
element 16 that may be soldered to the second circuit
board 32. The distance between each of the protrusions
33 may correlate to that of the protrusions 17 and is also
indirectly proportional to the highest parasitic frequency
to be filtered. In one further embodiment, protrusions 17
may be realized by spring clips. According to a further
embodiment, the second circuit 32 board may also com-
prise through holes through which protrusions may reach
so as to electrically couple the electromagnetic shielding
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element 16 to the electromagnetic shielding frame 12 or
device housing 18. Alternatively, the through holes of the
second circuit board 32 may be coated so as to electri-
cally couple the electromagnetic shielding element 16 to
the ground potential of the second circuit board 32 by
soldering the protrusions 17 to the coated through holes.
�[0060] Fig. 4 shows the front surface 14 of the circuit
board 13 and the rear side of the connector element 11
together with the pins for attaching a plug. The plug sys-
tem may be either of electrical or optical nature. The plug
system may also comprise both, electrical plug connec-
tors and optical ones. For instance, the upper half of the
pin arrangement at the rear side of the connector element
11 may be a plug system for electrically coupling the plug
to the socket of the connector element 11, whereby, for
example, the lower half may be a plug system for optically
coupling the plug to the socket of the connector element
11.
�[0061] Also shown is the electromagnetic shielding
frame 12 that comprises conductive nooses, which are
slightly bent upwards and which are called resilient
springs 41. If the connector element is attached to the
device housing 18, the springs 41 get in contact with the
conductive material of the device housing 18 and thereby
electrically couples the electromagnetic shielding ele-
ment 16 and the electromagnetic shielding frame 12 to
the device housing 18 and thereby to the ground potential
of the device housing 18. By means of the spring clips
41, the Faraday cage comprising the electromagnetic
shielding element 16, the protrusions 17 and the shield-
ing element 12 is electrically connected to the ground
potential of the device housing 18 to ensure a sufficient
level of electrical shielding.
�[0062] Fig. 5 illustrates another connector arrange-
ment according to a further embodiment of the invention
comprising the electromagnetic shielding element 16 to-
gether with elongated protrusions 17, being provided on
all four sides of the electromagnetic shielding element
16, and that reach from the electromagnetic shielding
element 16 to the device housing 18 so as to electrically
couple the electromagnetic shielding element 16 to the
device housing 18 directly and to form a Faraday cage.
As a consequence, the electromagnetic shielding frame
may not be required to obtain the shielding effect due to
a Faraday cage being formed without the shielding frame
12.
�[0063] In another embodiment of the invention, a cer-
tain number of protrusions 17 may be elongated as
shown in Fig. 5 and reach to the device housing 18 di-
rectly, whereby also a certain number of protrusions may
be shorter than the ones shown in Fig. 5 and may be
coupled to the electromagnetic shielding frame 12. In
such a constellation, the electromagnetic shielding frame
12 together with the short protrusions 17 may form an
inner Faraday cage, whereby additionally the elongated
protrusions 17 may form an outer Faraday cage. All pro-
trusions 17 may then be electrically coupled to the ground
potential of the first circuit board 13, the second circuit

board 32 and the device housing 18.
�[0064] In a further embodiment, the electromagnetic
shielding element 16 may be provided with protrusion
means for ensuring that a certain distance does not fall
below a predetermined safety distance between the elec-
tromagnetic shielding element 16 and the electronic el-
ements of the mounting area so as to avoid a short circuit
due to the conductive material of the electromagnetic
shielding element 16. Although not shown, such a pro-
trusion means may be different to the spring clips 20
which are mounted on the edges of the electromagnetic
shielding element 16. For instance, such protrusion
means may consist of non-�conductive material which are
fixed on the electromagnetic shielding element 16 and
which do not have to be fixed on the circuit board 13.
�[0065] According to another embodiment, in order to
enhance the filtering/�shielding effect, the shielding frame
12 may be made of a block out of ferrite, wherein its form
determines the filtering properties. Thereby, the ferrite
block may further enhance the electromagnetical filtering
of the plug connection of the connector arrangement. Ad-
vantageously, in this embodiment, the protrusions 17 of
the electromagnetic shielding element 16 reach to the
device housing 18, as illustrated in Fig. 5.
�[0066] In a further embodiment, instead of or in addi-
tion to implementing filter elements like T-�filters or Π-
filters, the shielding element 16 may comprise openings
(not shown) through which a flexible conductor foil in-
cluding a plurality of electrical conductors electrically con-
necting the circuit board 13 or 32 and a further circuit
board with each other can be at least partially led, thereby
electromagnetically filtering the plurality of electrical con-
ductors.
�[0067] According to another embodiment, the area
surrounding the circumference of the intersection of the
circuit boards 32 and 13 may also be provided with a
block out of ferrite so as to enhance the electromagnetic
shielding of the electrical connection of the circuit boards
13 and 32.
�[0068] Details concerning the implementation of such
ferrite shielding elements as mentioned in the above em-
bodiments, can be found in the non-�laid open European
patent application 07 016 293.8.
�[0069] Fig. 6 illustrates a top view on the connector
element 11 together with the electromagnetic shielding
element 16 mounted on the electromagnetic shielding
frame 12 by using resilient protrusions 17, in particular
spring clips. The spring clips may be formed in a right
angle relative to the electromagnetic shielding element
16 which may be mounted parallel to the surface of the
first circuit board 13.
�[0070] The figure also shows that the electromagnetic
shielding element 16 is electrically coupled to the resilient
springs 41 of the electromagnetic shielding frame 12 via
the protrusions 17. The resilient springs 41 may then be
electrically coupled to the device housing 18 upon phys-
ically implementing the connector arrangement to the de-
vice housing.

11 12 



EP 2 083 486 A1

8

5

10

15

20

25

30

35

40

45

50

55

�[0071] Fig. 7 shows the connector arrangement me-
chanically implemented in the device housing 18. Also
shown are the elongated protrusions 17 which electrically
couple the electromagnetic shielding element 16 to the
device housing and thereby form a Faraday cage which
is coupled to the ground potential of the device housing
18 and provides therewith electromagnetic shielding for
the mounting area of the first circuit board 13.
�[0072] Fig. 7 further shows a partial view of T-�filters
mounted on the circuit board 13. As can be seen, the
filters 72 may be located in the circumference of the in-
tersection of the circuit board 13 and an area being
formed by at least two of the protrusions 17 of the elec-
tromagnetic shielding element 16. The area, which is
formed by for instance two protrusions 17 is indicated by
the line 71 in Fig. 7. Arranging the filter elements, for
example the shown T-�filters 72 in that area, which is
marked by line 71, the shielding effect is further signifi-
cantly enhanced.
�[0073] In a further embodiment, stranded filter ele-
ments may be implemented in addition to the T-�filters
and/or Π-�filters on the printed circuit boards 13 or 32.
These stranded filter elements may also be implemented
instead of T-�filters or Π-�filters. Thereby, the stranded filter
elements may be placed inside the area formed by, for
instance, two protrusions 17 as indicated by the line 71
in Fig. 7. The stranded filter elements further may be
placed on the printed circuit board inside or outside the
Faraday cage provided in the mounting area of the con-
nector element. If they are provided on the mounting area
of the printed circuit board, they may also reach through
holes of the shielding element 16 without having electrical
contact thereto (not shown).
�[0074] It should be further noted that the individual fea-
tures of the different embodiments of the invention may
individually or in arbitrary combination be subject matter
to another invention.
�[0075] It would be appreciated by a person skilled in
the art that numerous variations and/or modifications
may be made to the present invention as shown in the
specific embodiments without departing from the spirit or
scope of the invention as broadly described. The present
embodiments are, therefore, to be considered in all re-
spects to be illustrative and not restrictive.

Claims

1. A connector arrangement comprising:�

a connector element (11) for receiving a plug or
receivable by a socket, wherein the connector
element comprises an electromagnetic shield-
ing frame (12),
a circuit board (13) having a front surface (14)
and a rear surface (15),�
wherein the connector element (11) is mounta-
ble on the front surface (14) of the circuit board

(13) thereby covering a mounting area of the
circuit board (13),
an electromagnetic shielding element (16) for
covering at least the rear surface (15) of the cir-
cuit board (13) in the circumference of the
mounting area of the connector element (11),�
wherein the electromagnetic shielding element
(16) comprises at least one protrusion (17) for
resiliently and/or detachably engaging the
shielding frame (12) of the connector (11) and
electrically coupling the shielding element (16)
to the shielding frame (12) of the connector el-
ement (11).

2. A connector arrangement for incorporation in a de-
vice housing (18), the connector arrangement com-
prising:�

a connector element (11) for receiving a plug or
receivable by a socket,
a circuit board (13) having a front surface (14)
and a rear surface (15), wherein the connector
element (11) is mountable on the front surface
(14) of the circuit board (13) thereby covering a
mounting area of the circuit board (13),
an electromagnetic shielding element (16) for
covering at least the rear surface (15) of the cir-
cuit board (13) in the circumference of the
mounting area of the connector element (11),�
wherein the electromagnetic shielding element
(16) comprises at least one protrusion (17) for
resiliently and/or detachably engaging the de-
vice housing (18) thereby electrically coupling
the shielding element (16) to the device housing
(18).

3. The connector arrangement according to claim 1 or
2, wherein the electric coupling of the electromag-
netic shielding element (16) with the at least one pro-
trusion (17) to a shielding frame (12) of the connector
element (11) or a device housing (18) provides a
Faraday cage in the mounting area of the connector
element (11) on the circuit board (13).

4. The connector arrangement according to one of
claims 1 to 3, wherein the electromagnetic shielding
element (16) is provided with plural protrusions (17)
for resiliently and/or detachably clipping the electro-
magnetic shielding element (16) to the connector el-
ement (11) and/or the device housing (18).

5. The connector arrangement according to claim 4,
wherein the protrusions (17) are spring clips.

6. The connector arrangement according to claim 4 or
5, wherein the circuit board (13) has a plurality of
through holes (31) in a circumference of the mount-
ing area of the connector element (11) on the circuit
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board (13), wherein, when having mounted the elec-
tromagnetic shielding element (16), the protrusions
(17) reach through the through holes (31) for elec-
trically coupling the shielding element (16) to the
shielding frame (12) of the connector element (11)
or the device housing (18).

7. The connector arrangement according to claim 6,
wherein the protrusions (17) provide a resilient
and/or detachable electric coupling of the electro-
magnetic shielding element (16) to the ground po-
tential of the circuit board (13).

8. The connector arrangement according to claim 7,
wherein the through holes (31) are coated by an elec-
trically conductive material electrically coupled to the
ground potential of the circuit board (13).

9. The connector arrangement according to one of
claims 4 to 8, wherein the circuit board (13) compris-
es at least one filter mounted in the circumference
of the intersection of the circuit board (13) and an
area being formed by at least two of the protrusions
(17) of the shielding element (16).

10. The connector arrangement according to claim 9,
wherein the at least one filter element is a T-�filter or
a Π-�filter.

11. The connector arrangement according to claim 9 or
10, wherein the filter has a grounding terminal, and
wherein the component housing of the filter is mount-
ed on the circuit board (13) within the mounting area
of the connector element (11) and whereby the
grounding terminal of the filter is located in the cir-
cumference of said intersection.

12. The connector arrangement according to one of
claims 1 to 11, wherein the electromagnetic shielding
(16) comprises a spring clip for resiliently and/or de-
tachably fixing the electromagnetic shielding ele-
ment (16) to the circuit board (13).

13. The connector arrangement according to one of
claims 1 to 12, wherein the electromagnetic shielding
element (16) comprises at least one heat sink for
providing a thermal connection between a circuit el-
ement on the circuit board (13), when mounting the
connector arrangement.

14. The connector arrangement according to one of
claims 1 to 13, wherein the connector arrangement
is mounted within a conductive housing, and wherein
the shielding frame (12) of the connector element
(11) is electrically coupled to the housing.

15. The connector arrangement according to claim 14,
wherein the electromagnetic shielding frame (12) is

connected to the ground potential of the housing of
the device via the shielding frame (12) of the con-
nector element.

16. A system comprising a connector arrangement ac-
cording to one of claims 1 to 15, and a second circuit
board (32) mounted across to the circuit board (13)
of the connector arrangement, denoted by a first cir-
cuit board (13), and being electrically coupled to said
circuit board (13) of the connector arrangement.

17. The system according to claim 16, wherein the elec-
tromagnetic shielding element (16) is electrically
coupled to the ground potential of the second circuit
board (32) by at least one protrusion (17) of the elec-
tromagnetic shielding element (16).

18. The system according to claim 16 or 17, further com-
prising at least one filter mounted in the circumfer-
ence of the intersection of the second circuit board
(32) and a fictitious elongation of the part of the
shielding element (16) covering at least the rear sur-
face (15) of the circuit board (13) in the circumference
of the mounting area of the connector element (11).

19. The system according to one of claims 16 to 18, fur-
ther comprising at least one filter mounted on the
second circuit board (32) within the circumference
of the intersection of the second circuit board (32)
and a fictitious elongation of the part of the shielding
element (16) that, when the system is mounted, is
essentially parallel to the first circuit board (13).

20. The system according to one of claims 16 to 19,
wherein the electromagnetic shielding element (16)
is provided with plural protrusions for resiliently
and/or detachably fixing the electromagnetic shield-
ing element (16) to the connector element (11) or
the device housing (18), and
wherein the second circuit board (32) comprises a
plurality of through holes through which, when hav-
ing mounted the system, at least some of the plurality
of protrusions (17) of the electromagnetic shielding
element (16) reach through the through holes of the
second circuit board (32) for electrically coupling the
shielding element (16) to the shielding frame (12) of
the connector element (11) or the device housing
(18).

21. The system according to claim 20, wherein the pro-
trusions (17) of the second circuit board (32) provide
a resilient and/or detachable electric coupling of the
electromagnetic shielding element (16) to the ground
potential of the second circuit board (32).

22. The system according to claim 21, wherein the
through holes of the second circuit board (32) are
coated by an electrically conductive material electri-
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cally coupled to the ground potential of the second
circuit board (32).

23. A vehicle entertainment and information processing
device comprising a connector arrangement accord-
ing to one of claims 1 to 15 or a system according
to one of claims 16 to 22.

24. A method for mounting a connector arrangement
comprising a connector element (11), a circuit board
(13) and an electromagnetic shielding element (16),
the method comprising:�

connecting terminals of the connector element
(11) to the circuit board (13), to thereby mount
the connector element (11) within a mounting
area on a front surface (14) of the circuit board
(13), and
mounting the electromagnetic shielding element
(16) to thereby cover at least the rear surface
(15) of the circuit board (13) in the circumference
of the mounting area of the connector element
(11), wherein at least one protrusion (17) of the
shielding element (16) is resiliently and/or de-
tachably engaged to and electrically coupled to
the shielding frame (12) of the connector (11).

25. A method for mounting a connector arrangement
comprising a connector element (11), a circuit board
(13) and an electromagnetic shielding element (16)
within a device housing (18), the method comprising:�

connecting terminals of the connector element
(11) to the circuit board (13), to thereby mount
the connector element (11) within a mounting
area on a front surface (14) of the circuit board
(13),
mounting the circuit board (13) and the connec-
tor element (11) within the device housing (18)
and
mounting the electromagnetic shielding element
(16) to thereby cover at least the rear surface
(15) of the circuit board (13) in the circumference
of the mounting area of the connector element
(11), wherein at least one protrusion (17) of the
shielding element (16) is resiliently and/or de-
tachably engaged to and electrically coupled to
the device housing (18).

26. The method according to claim 25 or 26, further com-
prising the steps of mounting a second circuit board
(32) across to said circuit board (13), and electrically
connecting the electromagnetic shielding element
(16) to the ground potential of the second circuit
board (32).
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