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(54) Surge protection arrangement

(57)  Animproved surge protection for protecting an
electronic device is disclosed, the device having a closed
casing with walls made of a non-conducting material and
being internally coated with a thin metallic layer. The de-
vice also has at least one connector, being arranged in
an opening in the walls and including a connector body,
at least a portion of which projects outwardly from the
wall and which accommodates an internal coupling de-
vice, to which a transmission cable, including a central
conductor and an outer shield conductor, is connectable.

According to the invention, the connector body is also
made of a non-conducting material and strong currents,
being present at a conducting protection sleeve, are di-
verted by at least one conducting diversion member to
at least one metallic structure, being in permanent elec-
tric contact with ground and having a high capacity of
conducting strong currents. In use, the at least one con-
ducting diversion member is in electrical contact with the
protection sleeve, and extends radially outwardly from
the protection sleeve, through the connector body, to the
at least one metallic structure.
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Description
Field of the invention

[0001] The presentinvention relates to a surge protec-
tion arrangement as defined in the preamble of claim 1.

Related art and background of the invention

[0002] Electronic devices, such as filters, amplifiers,
Current Injectors (CINs), motor drivers and other elec-
tronic equipment, need to be protected against strong
currents. Such strong currents can occur, for instance,
due to strikes of lightning and thunder.

[0003] Such electronic devices are, in order to secure
a proper operation of the system, often located in envi-
ronmental hostile locations, for example on high buildings
or constructions, such as base station antenna masts
and the like. By strikes of lightning or thunder, high cur-
rents run along all conducting structures and also along
cables being connected to the devices, thereby threat-
ening the entire device, including the casing and the con-
nectors of the device as well as the electronic compo-
nents within the casing. Thus, in, for instance, a coaxial
cable, strong currents run in both an inner conductor and
an outer conductor of the cable, thereby causing harmful
differential pulses between these conductors. Such dif-
ferential pulses have traditionally been counteracted by
the use of active lightning protection devices, in which
Gas Discharge Tubes (GDTs) or the like are used for
absorbing the currents.

[0004] Traditionally, casings for such electronic devic-
es have been made of metal or metal alloys, such as
aluminum alloys, which have also protected the devices,
since the metal cases then could be designed to be able
to cope with such strong currents. Traditionally, by lead-
ing the strong currents through the casing, either be-
tween the connectors or to some robust grounded con-
struction, the devices have been protected.

[0005] However, in order to make production costs as
low as possible, it is advantageous to make the casings
and other parts of these devices in less costly and more
easily processed materials. Such a low cost material is,
for instance, plastics. Such preferred low cost materials
are all essentially non-conducting. However, many of the
devices must have a metal coating, i.e. a thin layer of
metal, being arranged on the inside of the plastic walls
and other parts, in order to operate properly.

[0006] In this document, "conducting" means electri-
cally conducting whereas "non-conducting" means elec-
trically non-conducting, as is clear for a skilled person.
[0007] Forsuch casings, being made of an essentially
non-conducting material and being coated by a metal
coating, the coating of the casing has to be protected
against strong currents running through an outer shield
conductor of a cable being connected to the electronic
device. This can be done by the use of a passive lightning
protection, letting the strong current bypass the casing.
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Such a passive lightning protection device, not including
active components such as GDTs or the like, is known
from prior art document WO 2004/097979. Preferably,
an electronic device should include both a passive and
an active lightning protection, in order to be properly pro-
tected against strikes of lightning.

[0008] Figure 1 shows a prior art microwave transmis-
sion unit 100 from document WO 2004/097979, where
the microwave transmission unit 100 is provided with a
passive lightning protection arrangement. Here, a cabi-
net 110 of the unit is made of plastic and is coated with
a thin metal layer, and the connectors 120, 121 are made
of metal. In order not to destroy the metal layer of the
coating, the unit is also provided with metal fittings 130
leading strong currents from the metal connectors 120,
121, through the fittings 130 and to a metal lightning con-
ductor, preferably being located in the cover 111 of the
cabinet, thereby leading the current away from the inside
of the cabinet 110. The fittings 130 are fastened to the
metallic connectors 120, 121 by the use of screws 131
being attached to a metallic plate 122 of the connectors
120, 121, thereby leading away strong currents being
present on the shielding conductor of the connectors.
[0009] In WO 2004/097979, some parts of the micro-
wave transmission unit 100, such as the connectors 120,
121 and the lightning conductor, such as the cover 111,
still have to be made of metal in order to protect the unit,
which add to the production costs. Thus, in this prior art
unit, there is a problem how to achieve a low cost unit
having a secure and efficient lightning protection.

Aim and most important features of the invention

[0010] It is a main object of the present invention to
provide a passive surge protection arrangement that
solves the above stated problem.

[0011] The present invention aims to provide an effi-
cientsurge protection arrangement, being less costly and
easier to produce than the lightning protection devices
known in the

prior art.

[0012] The main object is achieved by a surge protec-
tion arrangement according to the characterizing portion
of claim 1.

[0013] The surge protection arrangement according to
the present invention will offer a safe protection of an
electronic device essentially entirely being made of a
non-conducting material.

[0014] Thus, with the present invention, the casing as
well as the connectors of the device can be made in a
low cost non-conducting material, being easily manufac-
tured, and still be safely protected against surges.
[0015] Thisis possible, according to the presentinven-
tion, since the strong currents are diverted from the in-
ternal coupling device of the connector, through the non-
conducting connector body, and to a metallic structure
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being in permanent electrical contact to ground and also
having capacity of conducting strong currents. The strong
currents are diverted to the metallic structure by a pro-
tection sleeve and a diversion member being in electrical
contact with the protection sleeve and the metallic struc-
ture. By this arrangement, the strong currents are effec-
tively led to run through the surge protection arrangement
instead of through the coating of the casing and/or the
connector body.

[0016] The metallic structure includes, in different em-
bodiments of the invention, a metallic structure in the
form of a mounting bracket, a support construction, a lid
closing the casing, a trimming plate, and/or a grounding
braid. These different embodiments of the presentinven-
tion all efficiently protect the device from surges and have
further different advantages relating to the mounting con-
ditions for the device. These embodiments, for surge pro-
tection purposes, make use of parts already being
present in the device, such as the lid or the trimming
plate, or in the mounting situation, such as the mounting
bracket and the support construction, which, of course,
is very cost effective and requires no extra mounting
space.

[0017] According to one embodiment of the present
invention, the diversion member includes a metal strip,
having a contact portion essentially corresponding in
shape to the shape of an end portion of the protection
sleeve. According to another embodiment of the inven-
tion, the shape of the end portion of the contact portion
essentially corresponds to the shape of the external wall
surface of the protection sleeve. These two embodiments
offer very good electrical contact between the protection
sleeve and the diversion member when they are pressed
axially and radially against each other, respectively.
[0018] According to one embodiment of the present
invention, the diversion member includes one or more
screws. This is advantageous, since the screws can also
be used for attaching the device to the mounting bracket
or the support construction, or can be used for securing
the lid to the casing.

[0019] Detailed exemplary embodiments and advan-
tages of the surge protection arrangement according to
the invention will now be described with reference to the
appended drawings illustrating some preferred embodi-
ments.

Brief description of the drawings
[0020]

Fig. 1 shows an electronic device having lightning
protection according to prior art.

Figs. 2a-d show an electronic device having a surge
protection arrangement according to an embodiment

of the present invention.

Figs. 3a-c show an electronic device having a surge
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protection arrangement according to another em-
bodiment of the present invention.

Fig. 4 shows a cross-sectional view of an electronic
device having a surge protection arrangement ac-
cording to the present invention.

Detailed description of preferred embodiments

[0021] Figures2a-dshow an electronic device 200 pro-
vided with a surge protection arrangement according to
the present invention, protecting the device 200 against
strong currents running through an outer shield conduc-
tor of a cable being connected to the electronic device.

[0022] In these figures, the same reference numbers
are used for the same or corresponding components.
The electronic device 200 has a closed casing, which
includes side walls and bottom walls. These walls will
hereafter generally be denoted casing walls 210. The
casing is also provided with a lid 211 closing the casing.
This lid 211 is according to one embodiment a regular lid
closing the casing, and in another embodiment it also
serves as a trimming plate for an RF-filter unit being en-
closed within the casing. The device 200 is further pro-
vided with a first and a second connector 220, 221, each
being arranged in an opening in the wall on which it is
being arranged, and projecting outwardly from that wall.
[0023] Each of the first and second connectors 220,
221, basically includes the same parts, which will here-
after be explained for the first connector 220. The first
connector 220 includes a connector body 222, and an
internal coupling device 230 being accommodated within
the connector body 222, when being assembled. The
connector body 222 has, according to an embodiment of
the invention, a cylindrical shape.

[0024] In this document, the word "cylindrical" should
be interpreted in its broadest meaning, which, as is clear
for a skilled person, includes cylinders having essentially
any shape of its base area (cross section area). Thus,
the "cylindrical" shape here, for instance, includes hollow
cylinders having a circular cross section area, i.e. being
tube-shaped. Also, since the "cylindrical" shape includes
cylinders of essentially any cross section area, the con-
nector body 222 can have a shape corresponding to es-
sentially any transmission cable connector being con-
nected to the connector body 222.

[0025] In figures 2a and 2b, the internal coupling de-
vice 230 is shown to include a protection sleeve 231, a
centre conductor pin 236, an isolator ring 234, a diversion
member 232, and a coupling sleeve 235, all being shown
disassembled for clarity. The different parts of the internal
coupling device 230 will not be explained in detail in this
document, since most of them are known to a person
skilled in the art. However, the parts that are novel and
are important for the function of the present invention will
be explained below.

[0026] A transmission cable, such as a coaxial cable
having a central conductor and an outer shield conductor,
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can be connected to the internal coupling device 230, so
as to provide signals to and from the electronic device
200. Unfortunately, also strong currents, surges, may ar-
rive at the electronic device through the outer shield con-
ductor of the connected cable, and the electronic device
has to be protected against such surges.

[0027] The electronic device 200 is mounted on a sup-
port construction 240, typically being a mast, a tower or
another rigid construction. The support construction of-
ten also supports one or more antenna arrangements
and/or some other kind of electronic equipment. The sup-
port construction 240, or at least a part of it, is preferably
made of a conducting material.

[0028] The electronic device 200 is attached to the
support construction 240 by the use of a mounting brack-
et 241 being fastened to the support construction 240
and to which the electronic device 200 is attached. The
support construction 240, the mounting bracket 241, as
well as the casing are here shown disassembled for clar-
ity.

[0029] The casingwalls 210, i.e. the side walls and the
bottom wall, are made of a non-conducting material, be-
ing coated on the inside with a thin layer of a conducting
material. The use of non-conducting materials has the
advantage that the casing is less costly to produce and
lighter than traditional casings. The coating on the inside
of the casing walls is needed to provide the electronic
device 200 with a signalling ground and also with a pro-
tection against exterior interference. However, the coat-
ing is very thin in relation to the surges resulting from
strikes of lightning and thunder, and can not cope with
such strong currents.

[0030] According to the present invention, at least one
of the first and second connectors 220, 221 is also made
of a non-conducting material. Thus, the connector body
222is made of, forinstance, plastic or the like. This further
lowers the manufacturing costs and the weight of the
device. But, at the same time, there also arises a problem
how to protect the device 200 from surges. Since also
the connector is made of non-conducting material, it is
of no use, as was done in prior art solutions, to simply
connect a surge bypassing member to the exterior parts
of the connector, and thereby lead the surge away from
the coating.

[0031] According to the present invention, at least one
opening 225, such as an aperture, a slot, or a hole, is
arranged in the connector body 222. Through this open-
ing or openings, a conducting diversion member 232 is
inserted such that it is in electrical contact with the con-
ducting protection sleeve 231 of the internal coupling de-
vice 230. In use, the protection sleeve 231 is in electrical
contact with the outer shield conductor of a cable being
connected to the connector 220, as will be discussed
below.

[0032] Further, the conducting diversion member 232
is alsoin electrical contact with a metallic structure, which
is in permanent contact with ground. The diversion mem-
ber 232 is thus in electrical contact with the protection
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sleeve 231 and also extends radially outwardly from the
protection sleeve 231, through the connector body 222
and out to the metallic structure, such thatitis in electrical
contact with the metallic structure.

[0033] The metallic structure is made of a highly con-
ducting material and thus has low impedance and a high
capacity of conducting strong currents. Hereafter, the re-
lation between the characteristics for the different parts
of the electronic device to be protected and the parts of
the surge protection arrangement is discussed.

[0034] Generally, the resistivity of a thin film is usually
characterized by its surface resistivity Rg expressed in
ohm per square. The capability of the thin film to carry
the surge current is determined by the narrowest portion
of the film designed to conduct the surge current.
[0035] The sudden conversion of electrical energy into
heat increases the temperature of the film and may
achieve melting of the film. Most natural materials in-
crease their resistivity with increasing temperature,
which implies that the process leading to melting may be
non-linear for a route the current is taking through such
a material. However, if another parallel route exists, in
which temperature is not increasing in a similar way, then
most of the current may be diverted to this route, since
the current always seeks out the route having the lowest
resistance.

[0036] From this reasoning, it is clear that the parts of
the surge protection arrangement, e.g. the conducting
diversion member 232 and the metallic structure, should
have a sufficient cross section, such thatthe energy being
absorbed does not bring neither of the parts of the surge
protection arrangement anywhere near their own melting
temperatures or the melting temperature for the thin film
being protected. It is also clear that, in order to provide
protection of the film, the resistances of the surge pro-
tection arrangement should be sufficiently low.

[0037] Thus, the minimal cross section required by the
parts of the surge protection arrangement depends on
the physical properties of the material chosen. For most
metals, these properties, such as resistivity, heat capac-
ity etc., are well known. Therefore, hereafter the details
are only exemplified for copper. From this non-limiting
exemplification, a skilled person knows how this applies
to other materials.

[0038] A conductor of copper with cross sectional area
of only 1 mm?2 has a resistance of roughly 2 mOhm per
dm. Such a piece of copper can store thermal energy on
the order of 36 J by increasing its temperature by 100 K.
Here, itis assumed that 36 J is obtained by a peak-current
pulse of about 8.4 kA presuming a typical 10/350 pulse
used for lightning protection tests, in accordance with the
International Electrotechnical Commission (IEC) stand-
ards IEC 61204-1/IEC 61312-1.

[0039] This exemplified peak of the pulse current may
appear a little low for a skilled person. However, it cor-
responds to the differential pulses appearing between
the inner and outer conductor (being mentioned above
in connection with prior art solutions), which pulses usu-
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ally are taken care of by active differential protection cir-
cuitry not being part of the present invention. For the typ-
ical 10/350 current pulse of about 8.4 kA, it is sufficient
to set the cross sectional area of the conductor to 1 mmz2.
Correspondingly, 10 mm2 would support 86 kA, which
should be sufficient to carry most of the direct lightning
strikes into a tower.

[0040] Note here that the sustainable peak current has
a linear relationship to the cross sectional area of the
lightning conductor, since the storable heat at given tem-
peratures increases linearly at the same time as the re-
sistance decreases by the inverse of the cross sectional
area.

[0041] Inthe above numerical example, the character-
istics used are 400 J/kgK for the heat capacity and 8960
kg/m3 for the density. The electric parameters used is
the rough 2*10-8 Ohm*m for the resistivity and an energy
integral of 0.000254 for an ideal 10/350 unit current pulse
over unit resistance. (The notation 10/350 refers to mi-
croseconds for front time and half amplitude decay time
for the pulse, respectively, as specified in IEC
61204-1/IEC 61312-1.)

[0042] In this example, adaptation to allowance of in-
creased final temperatures or the use of different material
is readily done by adjusting the appropriate parameters.
It can also be estimated, in contrast to the numerical ex-
amples given above, that a typical 35 micrometer thick
copper foil of roughly 0.5 mOhm/square can sustain at
most 500 A per mm width of a 10/350 pulse.

[0043] Therefore, if the interior of a typical 7-16 con-
nector is coated with a metallic coating layer of such a
thickness of copper, it is brought to melt at about 25 kA
applied on the shield conductor, having a diameter of 16
mm. Thus, such a coating needs extra protection against
currents, even though no headroom is accounted for due
to possible current density concentrations caused by
asymmetry.

[0044] Due to variations in the choice of materials, and
variations in geometrical asymmetry and the choice of
connectors, the present invention offers a good protec-
tion for thin conducting coating films, particularly for me-
tallic coating layers being thinner than 0.2 mm. However,
this thickness measure for the coating is not an exact
limit. Thus, the invention also offers a secure protection
for other thicknesses, i.e. for thicker metallic coating lay-
ers. Thus, in this document, a thin layer of conducting
material, such as a thin metallic layer, is a layer being
thin in relation to lightning currents. Typically these thin
layers of conducting materials are thinner than 0,2 mm,
but, as is clear to a skilled person, these layers can also
be thicker than 0.2 mm.

[0045] On the other hand, as is well known for a skilled
person, there is an economic advantage in being able to
coat the casing with a metallic layer being as thin as pos-
sible, where the thickness of this layer is only limited to
have athickness exceeding the skin depth of the material,
in accordance with well known RF (Radio Frequency)
theory.
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[0046] Thus, as was reasoned and exemplified above,
since the current always takes the route having the lowest
resistance, most of the current may be diverted to a route
parallel to the route through the thin coating layer, if there
is present a parallel route for which the temperature does
notincrease in the same way as for the thin metallic coat-
ing layer.

[0047] Therefore, by the arrangement shown in figure
2a, in accordance with an embodiment of the present
invention, a surge running along the outer shield conduc-
tor of a cable being connected to the first connector 220
will, instead of running through the coating of the casing,
run trough the protection sleeve 231, the diversion mem-
ber 232 and to the metallic structure.

[0048] In the embodiment shown in figure 2a, the di-
version member 232 is a metal strip being attached to
the mounting bracket 241. Here, the metallic structure
includes the mounting bracket 241, and the surge is di-
verted from the protection sleeve 231 to the mounting
bracket 241 by way of the diversion member 232. From
the mounting bracket 241, the strong currents of the
surge are led either to the grounded support construction
240 or, if the device has more than one connector, pos-
sibly to the outer shield conductor of a second cable being
connected to the second connector 221, the outer shield
conductor of the second cable being in electrical contact
with ground.

[0049] In the embodiment shown in figure 2b, the di-
version member 232 is a metal strip being attachable to
the support construction 240, by for example one or more
screws or the like. According to this embodiment of the
invention, the metallic structure includes the support con-
struction 240, which is in permanent electric contact with
ground and is able to conduct strong currents.

[0050] Asis shown in figures 2a and 2b, the diversion
member 232 has, according to an embodiment of the
invention, a contact portion, having arounded end portion
being provided with a central opening, resulting in a con-
tact portion having an opening in the metal strip. The
rounded end portion of the contact portion has a shape,
which, when being inserted through the connector body
222 into the internal coupling device 230, essentially cor-
responds to the shape of the internal wall surface 224 of
the connector body 222. Here, the opening in the metal
strip has, in the embodiment shown in figures 2a and 2b,
a circular shape. However, according to another embod-
iment of the invention, the opening can have essential
any shape fitting well together with the other parts of the
internal coupling device 230.

[0051] By this shape of the contact portion, it fits very
well into the other parts of the internal coupling device
230, when being assembled, and especially to the pro-
tection sleeve 231, such that an electrical contact with
the protection sleeve 231 is achieved. The shape of the
contact portion of the diversion member 232, including
the opening, corresponds essentially to the shape of the
end portion of the protection sleeve 231, which guaran-
tees a solid electrical contact, when they are pressed
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axially against each other. The connection between the
diversion member 232 and the protection sleeve 231 will
be described further below.

[0052] Infigures2cand 2d, simplified views of different
embodiments of the first connector 220 are shown. In
figure 2c, the diversion member 232 is a metal strip hav-
ing a rounded end portion of its contact portion and being
provided with an opening, which in size and shape es-
sentially corresponds to the end portion of the protection
sleeve 231. The protection sleeve 231 and the diversion
member 232 are here pressed against each other such
that electrical contact between them is achieved.
[0053] In figure 2d, the diversion member 232 has a
contact portion, the shape of which essentially corre-
sponds to the form of the external wall surface 239 of the
protection sleeve. Here, the diversion member 232, and
thus the contact portion, is pressed radially against the
protection sleeve 231, such that electrical contact be-
tween them is achieved.According to an embodiment of
the invention, the contact portion of the diversion member
is toothed on the surface, which is brought in physical
contact with the protection sleeve 231. By this, the teeth
are forced into the protection sleeve 231 when the diver-
sion member 232 is pressed axially or radially against
the protection sleeve 231, causing a very good electrical
contact between them.

[0054] Further, in this embodiment, the protection
sleeve 231 is essentially cylindrical and extends axially
along the full length of the connector body 222, inside
the internal wall surface 224, such that one end of the
protection sleeve reaches the coating on the inside of
the casing walls and another end of the protection sleeve
extends to, and possibly through, the free end of the con-
nector body 222. Here, the protection sleeve 231 has a
solid essentially cylindrical shape.

[0055] However, according to an embodiment of the
present invention, the essentially cylindrical shape of the
protection sleeve 231 is provided with one or more open-
ings, such as apertures, slots or holes. The one or more
openings make the surge protection arrangement lighter.
Also, the flexibility thereby achieved for the protection
sleeve 231 results in a better electrical contact with a
coaxial cable connector being attached to the internal
coupling device 230. As stated above, "cylindrical" is here
meant to include essentially any cross section shape for
the cylinder. Thus, depending on the overall shape of the
connector, the shape of the cross section area of the
protection sleeve 231 may have any shape. However,
the standard 7-16 connectors, and most of the other prac-
tically used connectors, use circular shapes, which are
dictated by practical engineering and existing cable
standards.

[0056] According to another embodiment of the
present invention, the metallic structure includes a
grounding braid, being attached to and in electrical con-
tact with the diversion member 232. The grounding braid
is here in permanent electrical contact with ground and
is dimensioned so thatithas a high capacity of conducting
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strong currents.

[0057] In different embodiments of the present inven-
tion, the external wall surface 223 of the connector body,
the internal wall surface 224 of the connector body, or
both of these wall surfaces 223, 224 are also coated with
a thin layer of conducting material. This coating can, es-
pecially when it is provided on the internal wall surface
224 of the connector body, convey signalling ground to
the coating of the casing walls, from the outer shield con-
ductor of the cable being connected to the first connector
220. However, this coating will not cope with strong cur-
rents due to surges, since the thin layer of conducting
material, e.g. a thin metallic layer, typically is thinner than
0.2 mm, as was stated above.

[0058] Therefore, this coating must also be protected
against such surges. This is achieved by the use of the
surge protection arrangement of the present invention,
including the axially extended protection sleeve 231, the
diversion member 232 and the metallic structure, which
is permanently in electrical contact with the ground.
[0059] There is also a problem present in prior art re-
lating to the stability of the connectors. The connectors
are traditionally mounted on the casing by use of screws
or the like. It is difficult and expensive to manufacture the
casing, the connectors and the screws with such low tol-
erances that they fit exactly and firmly to the casing.
[0060] According to one embodiment of the present
invention, the casing 210 and the first and/or second con-
nector 220, 221 are formed in one single piece. Prefer-
ably, the casing 210 and the connectors 220, 221 are
produced in one piece by moulding, die-casting or the
like, depending on the non-conducting material being
used. This embodiment has the advantage of being man-
ufactured very easily and at low cost, and also offers very
rigid connectors 220, 221, since they do not have to be
separately attached to the casing walls 210.

[0061] The non-conducting material used for the cas-
ing walls 210 and also for the connector bodies 222 is,
according to one embodiment of the invention, essential-
ly any non-conducting material being inexpensive, light-
weight and easily processed and manufactured. For ex-
ample, essentially any plastic material can be used. Such
non-conducting materials are in need of a conductive
coating for providing an efficient RF-path.

[0062] The coating ofthe casingwalls 210is, in relation
to the conducting protection sleeve 231, the conducting
diversion member 232, and the metallic structure, very
thin and of high impedance. According to an embodiment
of the invention, the coating has a thickness preferably
being less than 0.2 mm and is usually made of a metal,
such as copper, silver or aluminium, or possibly yellow
chromate or composite layers of several metals.

[0063] On the other hand, the protection sleeve 231
has a wall thickness being much larger than the thickness
of the coating. According to an embodiment of the inven-
tion, the protection sleeve 231 has a wall thickness re-
sulting in a cross sectional area for the protection sleeve
231 being at least 10 mmZ2. As was stated above, such
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a cross sectional area is sufficient for coping with most
occurring lightning currents.

[0064] The coupling sleeve 235 also has cross sec-
tional area being similar to the one of the protection
sleeve 231. The diversion member 232 and the metallic
structure both have cross section areas being at least 10
mm?2. When choosing dimensions for the parts of the
surge protection arrangement according to the present
invention, the fact that the maximum current density in a
particular material limits the peak current amplitude
should be taken into consideration, such that contact
spots and contact resistance between members are con-
sidered accordingly.

[0065] According to an embodiment, each one of the
protection sleeve 231, coupling sleeve 235, the diversion
member 232 and the metallic structure is made of any
one of the materials copper or aluminum at their portions
having the smallest cross sectional areas, respectively.
However, for other portions of these parts than the ones
with the smallest cross section areas, or if an overall larg-
er cross section area is chosen, also other metals can
be used for these parts of the surge protection arrange-
ment.

[0066] Thus, since the impedance of the coating is
higher than the impedance of the parts of the surge pro-
tection arrangement, i.e. the protection sleeve 231, the
diversion member 232 and the metallic structure, the
strong currents will prefer to not run through the coating
and even more so if the coating tends to heat up during
the surge and thereby increasing its impedance. The
coating is thereby protected against surges.

[0067] For the embodiment of the present invention
having a layer of thin coating also on the connector body,
on the internal and/or external wall surface 223, 224 of
the connector body, this coating is also thin, preferably
thinner than 0.2 mm. Further, this thin coating is prefer-
ably made from one or more the same materials also
being used for coating of the casing.

[0068] According tothe embodiments shown in figures
2a and 2b, the first and second connectors are arranged
on walls of opposite sides of the casing. However, the
connectors may alternatively be arranged on non-oppo-
site sides of the casing, for example of the same side
wall, or on two adjacent side walls. Also, in other embod-
iments of the invention, the number of connectors varies
may vary from one connector up to essentially any plu-
rality of connectors, depending on the electrical function
of the electronic device.

[0069] Above, the first and second connectors 220,
221 have been illustrated as female connectors of the
"7-16" connector type. The "7-16" connector is a radio
frequency coaxial connector dimensioned such that the
centre conductor pin 236 has a diameter of 7 mm, and
the coupling and/or the protection sleeve 235, 231 has
adiameter of 16 mm. When air is used as dielectric matter
between the centre conductor pin 236 and the coupling
and/or the protection sleeve 235, 231, the "7-16" con-
nector has an impedance of 50 Q. However, as is clear
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for a skilled person, essentially any type of connector
being possible to accommodate inside the connector
body 222 of non-conducting material may be used for
implementing the present invention. Such connectors
may, e.g., be "41-95" connectors, having a centre con-
ductor pin of 4.1 mm diameter, and a coupling and/or
protection sleeve of 9.5 mm

[0070] Further, the figures 2a-d show the first connec-
tor 220 as being a female connector. A female connector
is provided with threads on the external wall surface 223
of the connector body 222, these threads being arranged
so as to engage with threads of a male connector. Such
a male connector, e.g. mounted on a coaxial transmis-
sion cable, being connected to the female connector, is
provided with corresponding treads in a nut-like member
being attached to the connector body of the male con-
nector. When connecting the male connector to the fe-
male connector, the threads of the nut-like member en-
gage with the threads on the external wall surface of the
female connector. When these threads engage with each
other, they exert an axial force on the parts of the internal
coupling device 230. Thus, the protection sleeve 231 and
the diversion member 232 will be pressed together,
thereby resulting in a good electrical contact between
them. Preferably, the nut-like member should be tight-
ened by the use of a torque corresponding to 25 Nm for
"7-16" connectors, which ensures a good contact be-
tween both the connectors and also between the parts
of the surge protection arrangement.

[0071] According to another embodiment of the
present invention, the surge protection arrangement of
the present invention is accommodated in a male con-
nector. The parts of the internal coupling device, i.e. the
protection sleeve and the diversion member, here corre-
spond to the parts of the female connector, although be-
ing accommodated inside, and extending through, a non-
conducting connector body of a male connector. Also,
the protection sleeve here has the shape of a male con-
nector protection sleeve.

[0072] Figures 3a-c show an embodiment of the
present invention, in which a diversion member includes
one or more screws diverting the strong currents to a
metallic structure. The corresponding parts of figures 3a-
¢ have been given the same reference numbers.
[0073] Infigure 3a, many parts correspond to the parts
previously described in connection with figures 2a-b.
These parts are side walls and bottom walls of the casing,
generally denoted casing walls 310; a lid 311; a first and
a second connector 320, 321, each being arranged with
a connector body 322 in an opening in the wall on which
it is being arranged, and projecting outwardly from the
wall; an internal coupling device 330, here being shown
in a disassembled fashion; a support construction 340,
and a mounting bracket 341. According to an embodi-
ment of the invention, the connector body 322 has a cy-
lindrical shape. Below, the internal coupling device 330
will be described more in detail.

[0074] According to the presentinvention, as was stat-
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ed in connection with figures 2a-d, the casing walls 310
and the connector body 322 are made of a non-conduct-
ing material, in order to reduce production costs and
weight. To provide signalling ground and interference
protection, the casing walls 310 are coated on the inside
with a thin layer of a conducting material, and the con-
nector body 322 may also be coated on its internal and/or
external surface walls with a thin layer of a conducting
material. These coatings need protection against strong
currents, since these thin layers of conducting material
typically are thinner than 0.2 mm, as was stated above,
and preferably are made from one or more the same
materials also being used for coating of the casing.
[0075] As is shown in figures 3a-3c, according to this
embodiment of the present invention, a diversion mem-
ber is here implemented as one or more screws 332,
333, inserted into one or more openings 325, 326, pref-
erably holes, in the connector body 322. Threads of the
at least one screw 332, 333 are engaged with at least a
threaded hole 337, 338 in a protection sleeve, thereby
achieving electrical contact between the protection
sleeve 331 and the at least one screw 332, 333, i.e. with
the diversion member.

[0076] Thus, at least one screw 332, 333 extends
through the non-conducting connector body 322 and is
brought in electrical contact with the conducting protec-
tion sleeve 331 of the internal coupling device 330. The
protection sleeve 331 is, in use, in electrical contact with
the outer shield conductor of a cable being connected to
the connector 320, either directly or via the coupling
sleeve 335. The at least one screw 332, 333 extends
radially outwardly from the protection sleeve and is also
brought in electrical contact with a metallic structure,
which is made of a rigid and highly conducting material,
and is in permanent contact with ground.

[0077] Thus, as was stated above in connection with
figures 2a-2d, the protection sleeve, the diversion mem-
ber and the metallic structure all have low impedance
and a high capacity of conducting strong currents. Ac-
cordingly, a surge running along the outer shield conduc-
tor of a cable being connected to the connector 320, will
run trough the coupling and protection sleeves 335, 331
(or through the protection sleeve 331 only if no coupling
sleeve is present), the diversion member (i.e. the at least
one screw 332, 333), and to the metallic structure, instead
of running through, and destroying, the coating of the
casing walls 310.

[0078] Here, the metallic structure includes the mount-
ing bracket 341, and/or the lid 311, where the lid 311 can
be either a simple closing lid, being used just for closing
the casing, or a trimming plate, being used also for ad-
justing characteristics of the electronic device inside the
casing, such as resonance characteristics of a filter.
[0079] Thus, either of or both of the lid 311 and the
mounting bracket 341 can be used as metallic structure,
and can thus be used for diverting strong currents from
the protection sleeve 331, via the at least one screw 332,
333, in order to protect the coating of the casing walls
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and/or the connector 320.

[0080] Figures 3a-calsoshow the internal coupling de-
vice 330 of a female connector, of this embodiment of
the present invention in more detail, in figure 3a in a dis-
assembled way and in figures 3b-c in an assembled way.
The internal coupling device 330 includes the protection
sleeve 331, a centre conductor pin 336, an isolator ring
334, and at least one diversion member, such as one or
more screws 332, 333. The internal coupling device can
also, depending on the form of the protection sleeve 331,
include a separate coupling sleeve 335.

[0081] As is shown in figure 3b, the protection sleeve
331 has an essentially cylindrical shape and is of a solid
conducting material. The protection sleeve 331 extends
through the connector body 322 inside the internal wall
surface 324. One end of the protection sleeve 331 is in
direct contact with a coated casing wall 312, and the other
end is axially pressed against an essentially cylindrical
coupling sleeve 335, which further extends through the
connector body 322. Thus, the coupling sleeve 335 also
has an essentially cylindrical shape and extends essen-
tially to a free end of the connector body. A good electrical
contact is, by the axial force, achieved between the pro-
tection sleeve 331 and the coupling sleeve 335. By this
configuration, the coupling sleeve 335 is directly con-
tactable with the outer shield conductor of a cable con-
nector being attached to the connector 320, and the pro-
tection sleeve 331 is thus, via the coupling sleeve 335,
electrically contactable with the outer shield conductor
of the cable.

[0082] According to another embodiment, the protec-
tion sleeve 331 is provided with openings, such as aper-
tures, slots or the like. The protection sleeve 331 may
also have different shapes for its cross section area, as
appropriately determined by the shape of the connector
body 322 and the shape of the other parts of the internal
coupling device 330. Also, according to another embod-
iment, the protection sleeve 331 extends the whole way
from a coated casing wall 312, through the whole internal
coupling device 330, i.e. along the full length of the con-
nector body 322, inside the internal wall surface 324 of
the connector body. Thereby, the protection sleeve 331
is itself in direct contact with the coated casing wall and
is also directly connectable to the outer shield conductor
of a cable connector being connected to the connector
320.

[0083] Thus, in both of the cases where the protection
sleeve extends axially along either the full length of or a
part of the connector body 322, the protection sleeve 331
is in electrical contact with the outer shield conductor of
the cable connector, either by direct contact or via the
coupling sleeve 335.

[0084] The protection sleeve 331 is here provided with
one or more threaded holes 325, 326, into which the one
ormore screws 332, 333, constituting the diversion mem-
ber, are secured, in order to provide a good electrical
contact between the protection sleeve 331 and the one
or more screws 332, 333.
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[0085] Here, the screw 332 also serves for fastening
the electrical device to said mounting bracket, by extend-
ing through a hole in the mounting bracket 341, the con-
nector body 322 and into the hole 325 of the protection
sleeve 331. The screw 333 also serves for fastening the
lid 311 to the casing by extending through a hole in the
lid 311, the connector body 322 and into the hole 326 of
the protection sleeve 331.

[0086] According to other embodiments of the present
invention, as described above in connection with the em-
bodiments shown in figures 2a-d, the diversion member
can include a metal strip being inserted, through an ap-
erture in the connector body, into the internal coupling
device. In those embodiments, the internal coupling de-
vice is similar to the one shown in figures 3a-c. But, in-
stead of providing the protection sleeve 331 with screw
holes 325, 326, the metal strip is inserted into the internal
coupling device 330 such that it is pressed against either
an end portion of the protection sleeve 331 or against an
external wall surface of the protection sleeve 331.
[0087] Forthe embodiments using a metal strip as the
diversion member, the metal strip can possibly have a
cross sectional area being smaller than the above stip-
ulated approximately 10 mm?2 cross section area. How-
ever, also diversion members having a cross sectional
area being smaller than 10 mm?2 can be used for appli-
cations having a lower requirement on the level of pro-
tection needed.

[0088] When assembling the internal coupling device
320 within the connector body 322, as can be seen in
figure 3b, the isolator ring 334 is pressed between a rim
in the coupling sleeve 335 and the protection sleeve 331,
which in turn is pressed against a rim in the connector
body 322. The centre conductor pin 336 is inserted into
the central hole of the isolator ring 334 and is kept in
place by the isolator ring 334. By this construction, a very
rigid internal coupling device is achieved, which also pro-
vides very good electrical contact between the conduct-
ing parts of the internal coupling device.

[0089] Further, the protection sleeve 331 is also in
electric contact with the coated casing wall 312, such that
it can convey signalling ground, from the outer shield
conductor of the cable being connected to the connector,
to the coating.

[0090] Figure 4 shows a cross-sectional view of a de-
vice according to the present invention, having two con-
nectors and also a plurality of filter resonators 460 inside
the casing. Strong currents arriving at the protection
sleeve 431 of a first connector 420, will here be diverted
from the protection sleeve 431, via the screw 432 and
the mounting bracket 441, and be led to the support con-
struction and further to ground. Thereby, the strong cur-
rents are lead away from the thin and sensitive coating
of the device. The strong currents can also, via either or
both of the mounting bracket 441 and the lid 411, be lead
to bypass the casing from the first connector 420 to the
second connector 421.

[0091] Inthe latter case, the strong currents are divert-
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ed from the protection sleeve 431 of the first connector
420, are lead through the diversion member, being either
or both of the screws 332, 333, through the metallic struc-
ture, being either or both of the mounting bracket 441
and the lid 411, through a diversion member of the sec-
ond connector 421, being either or both of the screws
452, 453, and to the protection sleeve 451 of the second
connector 421, which is in electrical contact with an outer
shield conductor of a cable being connected to it and
being in permanent electrical contact with ground.
[0092] Thus, a strong current occurring on the outer
shield conductor of a cable being connected to a first
connector 420 is, by the surge protection arrangement
of this embodiment, led to ground or is bypassed in par-
allel to the thin layer or layers of coating being present
in the electronic device 400.

[0093] Figure 4 illustrates the principle for bypassing
or leading strong currents to ground for an embodiment
of the present invention. However, this principle also ap-
plies for the other embodiments of the invention, for ex-
ample where the one or more diversion members include
metal strips, where a grounding braid is used, where the
number of connectors is other than two, and where the
connectors are not arranged on opposite side walls.
[0094] The surge protection arrangement according to
the invention may be modified by those skilled in the art,
as compared to the exemplary embodiments described
above. Especially, the connectors have in this specifica-
tion been described in form of so called "7-16" connectors
and "41-95" connectors. However, as is clear to a skilled
person, the invention is also applicable to other kinds of
connectors being made of non-conducting material, male
or female. Thus, the connectors of the device may also
be male connectors, being provided with treads in a nut-
like member being attached to the connector body.
[0095] Further, the surge protection arrangement has
above been illustrated for two connectors of opposite
sides of the casing. As is clear for a skilled person, the
teachings of the present invention are also applicable on
devices having essentially any number of connectors,
being located on opposite or non-opposite sides of the
casing. According to the invention, when the number of
connectors is one, a protection sleeve of that connector
is, via a diversion member, in electrical contact with at
least one metallic structure, leading the strong current to
ground. When the number of connectors is at least two,
the strong current is lead to ground in the same way as
for one connector and/or is bypassing the casing, by hav-
ing a protection sleeve in each of those connectors, via
a diversion member, in electrical contact with the at least
one metallic structure, respectively. Thereby, a strong
current being present at the protection sleeve of one of
the connectors is bypassed to the protection sleeves of
the other connectors.
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Claims

A surge protection arrangement, for protecting an
electronic device provided with

- aclosed casing, said casing including side and
bottom walls made of a non-conducting material
and being internally coated with a thin metallic
layer, and

- at least one connector, being arranged in an
opening in one of said walls and including a con-
nector body, at least a portion of which projects
outwardly from said wall and which accommo-
dates an internal coupling device, to which a
transmission cable, including a central conduc-
tor and an outer shield conductor, is connecta-
ble,

characterized in that said connector body is made
of a non-conducting material, and said internal cou-
pling device includes

- a conducting protection sleeve, in use being in
electrical contact with said outer shield conduc-
tor of said transmission cable, and

- at least one conducting diversion member, in
use being in electrical contact with said protec-
tion sleeve, and extending radially outwardly
from said protection sleeve, through said con-
nector body, to at least one metallic structure
being in permanent electric contact with ground
and having a high capacity of conducting strong
currents.

The surge protection arrangement as claimed in
claim 1,

characterized in that said at least one metallic
structure includes one or more of the following: a
mounting bracket, attaching said device on a support
construction; a lid closing the casing; a lid including
a trimming plate; a grounding braid; a support con-
struction, on which said device is attached.

The surge protection arrangement as claimed in any
one of claims 1-2, characterized in that said diver-
sion member includes a metal strip.

The surge protection arrangement as claimed in
claim 3,

characterized in that said metal strip has a contact
portion, having a circular opening essentially corre-
sponding in shape to an end portion of said protection
sleeve, whereby said contact portion, in use, is
pressed axially against said end portion, thereby
achieving electrical contact with said protection
sleeve.

The surge protection arrangement as claimed in
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10

10.

11.

12.

13.

14.

claim 3,

characterized in that said metal strip has a contact
portion being configured so as to essentially corre-
spond to the shape of an external wall surface of
said protection sleeve, whereby said contact portion,
in use, is pressed radially against said external wall
surface of said protection sleeve, thereby achieving
electrical contact with said protection sleeve.

The surge protection arrangement as claimed in
claim 1 or 2, characterized in that said diversion
member includes at least one screw, said at least
one screw being screwed into said protection sleeve.

The surge protection arrangement as claimed in
claim 6,

characterized in that said at least one screw also
serves for fastening said electrical device to a mount-
ing bracket.

The surge protection arrangement as claimed in
claim 6,

characterized in that atleast one screw also serves
for fastening a lid to said casing.

The surge protection arrangement as claimed in any
one of claims 1-8, characterized in that said pro-
tection sleeve is essentially cylindrical and extends
axially inside said connector body, such thatit is con-
tactable directly to said shield outer conductor.

The surge protection arrangement as claimed in any
one of claims 1-8, characterized in that said pro-
tection sleeve is essentially cylindrical and extends
axially inside said connector body, such thatit is con-
tactable to said shield conductor via a coupling
sleeve, said coupling sleeve being directly contacta-
ble to said outer shield conductor.

The surge protection arrangement as claimed in any
one of claims 1-10, characterized in that said pro-
tection sleeve is also in electrical contact with the
thin metallic layer of said casing, thereby connecting
a signaling ground of said outer shield conductor to
said thin metallic layer.

The surge protection arrangement as claimed in any
one of claims 1-11, characterized in that an exter-
nal wall surface of said connector body is coated with
a thin metallic layer.

The surge protection arrangement as claimed in any
one of claims 1-12, characterized in that an internal
wall surface of said connector body is coated with a
thin metallic layer.

The surge protection arrangement as claimed in
claim 13,
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characterized in that the coating of the internal wall
surface of said connector body connects a signaling
ground of said outer shield conductor to the thin me-
tallic layer of said casing.

The surge protection arrangement as claimed in any
one of claims 1-14, characterized in that said de-
vice includes two connectors, where said at least
one metallic structure, in each of said two connec-
tors, via said diversion member, is in electrical con-
tact with said protection sleeve, respectively.

The surge protection arrangement as claimed in any
one of claims 1-15, characterized in that said cas-
ing and said at least one connector are formed in
one piece.
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