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(57) ABSTRACT

Method of producing a shielding casing (4) 1n which there 1s
provided a sealing and shielding profile section (9) which
fills a gap between first and second adjoining casing portions
(1, 2) and which comprising pasty material 1s applied under
pressure from a coordinate-controlled applicator device (5)
having an applicator needle or nozzle directly Jon to] onto

the first casing portion and then sets there elastically adher-
ing thereto 1n self-supporting relationship, wherein the seal-
ing and shielding profile section 1s produced by simulta-
neously applying at least one first material (8a) with material
properties adapted for a good sealing action and a second
material (8b) with maternial properties adapted to a good
shielding action, from the applicator needle or nozzle (6)
provided with at least a first and a second passage (6a, 6b),
whereby the second material firmly adheres to the first mate-
rial.

13 Claims, 2 Drawing Sheets
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METHOD FOR PRODUCING A SHIELDING
CASE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

The subject application is a Continuation Reissue appli-

cation Ser. No. 12/111,943 filed Apr. 29, 2008 of U.S. Reis-
sue patent application Ser. No. 10/702,054 (°054 Reissue
Application) filed Nov. 5, 2003, which is a reissue applica-
tion of U.S. Pat. No. 6,312,550 (°550 Patent) issued Nov. 6,
2001 and filed as a National Stage application of Interna-
tional Application PCT/DE98/00682 (PCT 682 application)
claiming priovity of DE 197 13 5242 filed Mar. 5, 1997.

BACKGROUND OF THE INVENTION

Electrically shielding casings for accommodating and
clectromagnetically shielding units which emit electromag-
netic radiation or which are sensitive to electromagnetic
radiation have long been known.

While earlier such casings were usually made from metal
for obvious reasons, with the onset of the spread thereofon a
large scale—itor example in relation to mobile telephones or
cordless telephones—ior cost and weight reasons there has
been a change over to making them 1n particular from plastic
material. The prefabricated, 1n particular injection-moulded
casing portions are coated with a conductive material, for
example by spraying on conductive lacquer, vapour deposi-
tion with aluminium or galvamisation.

Such casings were initially generally provided with pre-
fabricated seals which comprise conductive elastomer and
which were fitted upon assembly. DE 38 12 943 A1 shows an
internally coated shielding casing of fibre-reinforced plastic
material with a prefabricated seal of that kind which was
inserted between a groove and a tongue.

Casings of the above-indicated kind are also known from
EP 0 629 114 B1 and EP 0 654 962 Al.

The casings described therein are composed of two por-
tions which for electrical shielding of the iterior of the cas-
ing (at least 1 portion-wise manner) comprise elastically
conductive material or are coated with same and in the
assembled condition form a Faraday’s cage For the purposes
of electromagnetic shielding of the casing in the join region
between the casing portions which come together, there 1s
provided a shielding seal which comprises an electrically
conductive and at the same time elastic material and which
adapts to surface tolerances and irregularities so that a very
high level of quality 1n terms of shielding the interior of the
casing can be guaranteed even on a mass production scale.
This shielding seal 1s produced directly on at least one of the
casing portions while an additional carrier can also be incor-
porated into the structure.

By virtue of that configuration the casing can be opened
for example for maintenance purposes or to replace a power
source and then easily closed again while maintaining the
sealing and shielding effect.

In production of a material for the shielding seal however
it was found that 1t was difficult to arrive at an optimum
compromise between high elasticity, high conductivity and
lowest possible material costs. A material with an advanta-
geously high shielding action 1s a plastic material which 1s
filled with a high proportion of silver powder but this is
relatively expensive and has only limitedly satisfactory
mechanical properties DE39 34 845 Al describes the pro-
duction of a shielding casing with a two-layer shielding pro-
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file by the application of an elastic but non-conductive seal-
ing profile to a casing portion and then spraying a conductive
coating on to that sealing portion. This method basically
makes 1t possible to save on material costs but it 1s techno-
logically complicated and expensive and results in seals
whose mechanical and 1n particular electromagnetic proper-
ties cannot be completely convincing.

The solution proposed 1n WO 97/26°782 by the applicants
also requires if the sealing profile 1s dispensed on to a casing
portion—an additional method step and only makes 1t pos-
sible to produce relatively thin conductive coatings.

SUMMARY OF THE INVENTION

The object of the present invention 1s to provide a method
of producing a shielding casing of the kind set forth in the
opening part of this specification, which permits simple and
inexpensive production of shielding casings with very good
mechanical and electromagnetic properties and with a long
service life.

The mvention includes the technical teaching of forming
the shielding profile section 1n a single application step from
(at least) two different].] elastically setting components
which however are optimised in regard to different
functions, 1n such a way that they are firmly and durably
connected together and thus form a reliably dual-functional
unit.

Insofar as expulsion from a needle or nozzle with at least a
first and second duct or passage 1s provided as the sole appli-
cation step, both components can be applied to the casing at
a high process speed 1n a thickness which 1s adequate for an
excellent sealing and shielding effect. As the surfaces of both
components, in the 1nitial condition, that 1s to say before the
onset of any cross-linking or hardening are brought into con-
tact with each other, they cross-link to each other or a diffu-
s1on mnterface 1s formed, which guarantees a practically non-
releasable connection between the two profile sections.

The profile portion or section formed from the first mate-
rial primarily involves the function of filling the gap space in
order in spite of mechanical play in respect of the casing
portions, which 1s caused by production tolerances or sur-
face 1rregularities, to reliably protect the interior of the cas-
ing from moisture and dust and possibly prevent relative
movements between the casing portions. By virtue of the
mechanically optimised properties of the first material 1t 1s
possible for the internal space in the casing to be durably
hermetically sealed off. At the same time the first profile
section 1s naturally a carrier for a section of the electromag-
netic shielding and ensures the closure integrity thereof. In
regard thereto it 1s particularly advantageous to adopt a
material with a high level of elasticity and/or a configuration
for the seal which affords elasticity in respect of shape, on
the basis of which upon assembly of the casing portions
compression and/or flexion of the sealing element affords a
prestressing elfect as between the casing portions which for
example can prevent a screw or clamping connection from
coming loose.

In an advantageous alternative of the mmvention 1t 1s pro-
vided that the second material used 1s a plastic material of
the same kind as the first material, with the second material
being made conductive by virtue of electrically conductive
inclusions. The substantial material uniformity achieved 1n
that way serves to consolidate the above-discussed effect

Production of the shielding profile section 1s advanta-
geously technologically simplified and rendered less expen-
stve by virtue of the use of a plastic material which hardens
in air and at ambient temperature and which in particular has
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thixotropic properties, more specifically on a silicone basis,
but alternatively 1t 1s also possible to use heat-hardening or
radiation-crosslinking material.

To achieve a shielding effect which satisfies the high test
requirements involved, the electrically conductive inclusions
added are especially particles comprising a metal or an alloy
with a high level of electrical conductivity, 1n particular sil-
ver or a silver-bearing alloy. What 1s less expensive 1s the use
ol a silver-coated powder comprising another metal (nickel,
copper or the like) or non-conducting carrier particles (for
example of glass). The metal content 1s typically over 25%
by mass, or to achieve very high shielding effects in relation
to mobile telephones etc possibly even markedly over 50%
by mass, with respect to the mass of the silicone-metal mix.

Besides metal powder, 1t 1s also possible 1n particular to
use short metal fibres or metal flakes which 1n the plastic
matrix, if their dimensions are suitably adapted to match the
properties of the matrix material and the method
characteristics, can advantageously form a kind of metal lat-
tice structure This can 1mpart to the conductive profile por-
tion a high level of conductivity with a relatively small pro-
portion of metal and in conjunction therewith can at the
same time atford advantages in terms of relatively low hard-
ness and brittleness.

For situations of use 1n which adaptation of the degrees of
hardness of the first and second materials 1s desired, 1t 1s
possible to add to the first material a non-conductive filler, 1n
particular an inexpensive oxidic or ceramic powder (S10.,,
silicates or the like).

Depending on the specific matenal properties of the cas-
ing surface, to which the sealing and shielding profile sec-
tion 1s applied, a bonding agent or primer can be used to
increase the adhesion capability thereto when applying the
first and/or second material. The bonding agent can be added
in particular to the material; alternatively however 1t can be
applied beforchand, for example in the course of surface
treatment of the casing portions

In the production of casings in which the possibility of
opening and re-closing 1s to be provided, the second casing
portion 1s preferably only brought into contact with the seal-
ing and shielding profile section after substantially total
hardening or setting of the first and/or second material. As a
result, no adhesion to the second casing portion occurs, and
there 1s a very high level of shape and functional resistance
on the part of the profile section even when the shielding
casing 1s opened and re-closed a plurality of times.

For the purposes of forming preferred profile shapes,
application of the sealing and shielding profile section
involves the use of an applicator needle/nozzle 1n which the
first passage 1s surrounded by the second passage, at least
over a portion of the periphery of the first passage—in the
simplest case, completely. More especially, it 1s possible to
use an applicator needle or nozzle whose first passage 1s of
substantially circular cross-section and 1s concentrically sur-
rounded by the second passage, wherein the latter 1s of a
cross-section that 1s substantially 1n the form of a segment of
a circular ring.

The needle shape and cross-section, 1n an embodiment
which 1s to be preferred for many uses, are so selected that
the second material 1s applied 1n the profile cross-section, in
an 1rregular thickness. In particular the second material can
be applied on the inside of the casing in a larger thickness
than 1n the portion which 1s towards the casing portion and/
or on the outside of the casing, whereby 1t 1s possible to
implement a seal which tends to be ‘softer’. By applying the
second material only to the mnside of the profile section 1t 1s
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possible for example to counter problems which can arise
out of possible corrosion of the metal filling of the second
material, especially 1n extreme sectors of use (1n the tropics,
in connection with shipping on the high seas etc).

In a turther alternative configuration of the invention the
shielding profile section can be constructed by simultaneous
application of three strands of material 1n sandwich structure
from a triple-passage needle isofar as two strands of mate-
rial of the mechamically optimised type (‘first material’) are
applied and between them a strand of elastically conductive
material which produces the electromagnetic shielding
clfect. The arrangement of the profile portion consisting of
clectrically conductive material 1n a substantially
deformation-free region between two deformable layers or
strands of the elastic material advantageously counteracts
crack formation in the electrically conductive material,
which 1s of significance more especially 1n relation to con-
structions 1n which severe deformation of the shielding ele-
ment can occur when assembling the casing portions. This
arrangement 1s also particularly resistant to corrosion.

To obtain a starting material which 1s suitable for the
method, 1t 1s possible to add a long-chain, non-crosslinking
siloxane to a cross-linkable silicone rubber which hardens
by the cross-linking effect, forming a gel-like state. The seal-
ing and shielding profile section formed from such a mixture
1s distinguished by a high level of adhesive strength on the
support to which 1t 1s applied and a Shore A hardness which
can be set to low values and a high possible degree of defor-
mation. Relatively soit but nonetheless mechamically sudfi-
ciently resistant EMI-shielding profile sections can be pro-
duced with materials which contain about 3% by mass of
bitunctional non-crosslinked siloxane, for example (poly-)
dimethylsiloxane with methyl or hydroxyl terminal groups,
of a viscosity in the range of between 10 and 10° mPa.s. In a
development which 1s advantageous for certain uses, 1t 1s
also possible to provide a silicone resin component in the
sealing material, preferably a proportion of over 3% by mass
ol a solution of a commercially available, heat-hardening or
radiation-hardening resin component.

The degree of deformation of an approximately U-shaped
two-component sealing and shielding profile section of solid
material can be (relative to the height of the unloaded profile
section) 30% or more, and for certain uses preferably up to
over 50%. By virtue of special profile cross-sectional
configurations, for example the adoption of a lip profile
which 1s at the same time compressible and flexurally
deformable, 1t 1s possible to additionally deliberately and
specifically influence an etfective degree of deformation and
clastic return force of the profile section. The specified
method steps and possibly additional geometrical measures
make 1t possible to reliably shieldingly seal even gaps of a
width which differs considerably over the longitudinal
extent thereof. This permits greater tolerances 1n the prefab-
rication of the casing portions, 1n such a way as to reduce
COsIs.

BRIEF DESCRIPTION OF THE DRAWINGS

Advantageous developments of the mnvention are set forth
in greater detail hereinaiter together with the description of
preferred embodiments with reference to the Figures in

which:

FIG. 1 1s a view showing the principle of the way in which
the invention 1s carried into effect, and

FIGS. 2a to 2 are diagrammatic cross-sectional views of
sealing and 1s shielding profile sections 1n accordance with
preferred embodiments and the applicator needles respec-
tively used for the production thereof.
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DETAILED DESCRIPTION

FIG. 1 1s a diagrammatic view showing the principle of a
casing bottom portion 1 and a casing cover 2 of 1njection-
moulded plastic material for an electronic device (in practice
for example a mobile telephone), which are both provided
with an inside metallisation layer 1a and 2a respectively.
Formed 1n both casing portions 1, 2 are screw holes 1b and
2b respectively. [w] Wherein the screw holes 1b in the casing
bottom portion are provided for partially self-tappingly
screwing in selif-tapping screws 3 while the screw holes 2b 1n
the cover each have a countersink for accommodating the
screw head of the respective screws 3. This screw connection
permits the device casing 4 to be opened and re-closed
repeatedly 11 required.

The Figure diagrammatically shows the way 1n which an
arm 3 of a coordinate-controlled handling device (not shown
overall as such) guides an applicator needle 6 having two
concentrically extending passages or ducts 6a, 6b, with hose
connections 7a, 7b for feeding two seal starting materials 8a,
8b which are under pressure, 1n the direction of the arrow A,
over the edge section of the casing bottom portion 1. In that
operation, an approximately U-shaped sealing and shielding
material strand 9 whose core 9a comprises the {first starting,
material 8a and whose surface layer 9b comprises the second
starting material 8b 1s distributed on to the edge section and
firmly adheres there.

The first starting material 8a 1s an unfilled silicone mix-
ture which 1s set to a pasty-gel-like condition and which
hardens 1n air and at ambient temperature while the second
starting material 8b 1s a silicone conductive mixture which 1s
set to a pasty condition and which 1s filled with a proportion
of about 50% by mass of silvered mickel particles, the matrix
of the silicone conductive mixture being of substantially the
same composition as the first material 8a to which however a
surface active agent 1s additionally added as a bonding agent
or primer, 1n a proportion of less than 1% by mass.

After 1ssuing from the needle 6 hardeming of the material
strand 9 begins immediately from the surface—without
additional technical measures—to constitute an elastic,
freely formed sealing and shielding profile section having a
soit core and a highly conductive but also still relatively
clastic surface layer which encases the core on all sides.
After hardening 1s substantially concluded, the cover 2 1s
fitted on to the bottom portion 1—as symbolically indicated
by the arrow B—and screwed to the bottom portion 1 by way
of the screws 3, in which case the material strand 9 which
has hardened to form the sealing and shielding profile sec-
tion 1s elastically deformed without adhering to the cover 2
and reliably seals and shields the gap between the casing
portions 1, 2.

FIGS. 2a to 2j are cross-sectional views showing various
sealing and shielding profile sections 1 accordance with
preferred embodiments together with the applicator needles
which are respectively used for the production thereof. The
finished profile sections are each shown with parts of the
adjacent casing surfaces 1' and 2 respectively, wherein refer-
ence 1' (unlike the specification relating to FIG. 1) stands for
a metal casing bottom portion while the material adopted for
the cover 2 1s again plastic material with a metal coating 2a.
(It will be appreciated that the invention can also be applied
in relation to an entirely metal casing.)

The sealing and shielding profile section 91 shown 1n FIG.
2a comprises a non-conductive base portion 91a and a con-
ductive layer 91b which covers the base portion 91a over
rather more than half the periphery thereot, and 1t 1s applied
to the casing portion 1' by means of an applicator needle 61
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diagrammatically shown in FIG. 2b, having a first duct or
passage 61a of circular cross-section and a second duct or
passage 61b, which partially surrounds 1t, of a cross-section
which 1s 1n the form of a segment of a circular ring.

The sealing and shielding profile section 92 shown 1n FIG.
2¢ comprises a non-conductive base portion 92a and a con-
ductive flank portion 92b which extends around same over
somewhat less than half the periphery thereot, and 1s applied
to the casing portion 1' by means of an applicator needle 62
shown 1n FIG. 2d, having a first duct or passage 62a of
circular cross-section and a second duct or passage 62b
which partially surrounds it, of a cross-section which 1s
approximately in the shape of a segment of a circular ring
The sealing and shielding profile section 93 shown 1n FIG.
2¢ differs from that shown in FIG. 2¢ 1n that provided on
both sides of a non-conductive base portion 93a 1s a respec-
tive conductive profile portion 93b, 93¢ which extends over
rather less than half the periphery thereof The profile section
93 1s produced by means of an applicator needle 63 as shown
in FIG. 2d, with a first duct or passage 63a of circular cross-
section and two ducts or passages 63b, 63c which are
arranged laterally thereof and which are of a cross-section
that 1s approximately in the form of a segment of a circular
ring.

In the case of the sealing and shielding profile section 94
shown 1n FIG. 2g, a non-conductive core portion 94a 1s com-
pletely encased by a conductive layer 94b whose thickness
however 1s smaller in the gap space in the proximity to the
casing portions 1', 2. This profile section 1s formed by means
of an applicator needle 64 diagrammatically shown 1n FIG.
2h, having a first duct or passage 64a of circular cross-
section and a second duct or passage 64b surrounding it, of
cllipsoidal cross-section.

The sealing and shielding profile section 95 shown 1n FIG.
[21] 2/ is of a similar (three-component) structure to that
shown 1n FI1G. 2e, but the association of material 1s different:
provided on each side of a conductive, shielding central por-
tion 95a 1s a respective non-conductive, sealing profile por-
tion 95b, 95c¢. The profile section 935 1s produced by means of
an applicator needle 65 as shown 1n FIG. 2d, with three ducts
or passages 63a to 65c which are arranged 1n side-by-side
relationship and which are of approximately rectangular
cross-section.

The invention 1s not limited 1n terms of 1ts implementation
to the preferred embodiments described hereinbefore. On
the contrary, 1t 1s possible to involve a number of variants
which make use of the illustrated solution even in configura-
tions of a different nature.

Thus the specification of the first material as being ‘non-
conductive’ 1s to be understood in the broad sense as mean-
ing that this material 1s of markedly lower conductivity (for
example corresponding to a markedly lower level of metallic
filling) than the second material. The use of a plastic material
on a silicone basis 1s not a necessary feature; 1t 1s also pos-
sible to use a neoprene or other elastically setting material
which also does not necessarily have to harden at ambient
temperature.

The geometry of the profile section to be produced and the
needle and nozzle cross-sectional shape which 1s to be
adopted 1n relation thereto depend on the purpose of use and
the specific configuration of the shielding casing and,
besides the variants diagrammatically illustrated in FIGS. 2a
to 21, many others can also be used.

What 1s claimed 1s:

1. A method of producing a shielding casing for mechani-
cally protecting and electromagnetically shielding an elec-
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tronic functional umit, in which there i1s provided a sealing
and shielding profile section which fills a gap between [a}
first and second adjoiming casing portions and which com-
prises pasty material applied under pressure from a
coordinate-controlled applicator needle or nozzle directly

[on to] onto the first casing portion which then sets
clastically, adhering thereto 1n seli-supporting relationship,
comprising: producing the sealing and shielding profile sec-
tion by simultaneously applying at least a first material
which sets elastically, with matenal properties which are
adapted to a good [shielding] sealing action, and a second
material, [which sets elastically,] with material properties
which are adapted to a good [sealing] siielding action, from
the applicator needle or nozzle which 1s provided with at
least a first and a second passage, whereby the second mate-

10

rial adheres firmly to the first material and wherein one of 15

the first and second materials forms a base portion and the
other of the first and second materials forms a layer that at
least partially surrounds the base portion.

2. The method of claim 1, wherein the second casing por-
tion 1s brought into contact with the sealing and shielding
profile section after substantially complete hardening of the
first and/or second maternial.

3. The method of claim 1, wherein the first material used
1s a substantially non-conductive plastic material which
hardens 1n air and at ambient temperature and the second
material used 1s a plastic material which 1s made conductive
by means of electrically conducting inclusions, the second
plastic material being of the same kind of material as the first
materal.

4. The method of claim 3, wherein particles comprising a
metal or an alloy with a high level of electrical conductivity
are used as electrically conducting inclusions.
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5. The method of claim 3, wherein the first material con-
tains a non-conductive filler.

6. The method of claim 1, wherein a bonding agent 1s used
when applying the first and/or second material.

7. The method of claim 1, wherein the first passage of the
applicator needle or nozzle 1s surrounded at least over a part
of 1ts periphery by the second passage.

8. The method of claim 1, wherein application of the seal-
ing and shielding profile section 1s effected by using an
applicator needle or nozzle whose first passage 1s of substan-
tially circular cross-section and 1s concentrically surrounded

at least 1n portion-wise manner by the second passage,
wherein the latter 1s of a cross-section that 1s substantially in
the form of a segment of a circular ring.

9. The method of claim 1, wherein the second material 1s
applied 1n the profile cross-section with 1rregular thickness.

10. The method of claim 9, wherein the second material 1s
applied on the inside of the casing with a greater thickness
than 1n the part towards a casing portion and/or on the out-
side of the casing.

11. The method of claim 3, wherein the non-conductive
plastic material 1s made of silicone and has thixotropic prop-
erties.

12. The method of claim 4, wherein the particles are fibres
or tlakes of silver or silver-bearing alloy.

13. The method of claim 5, wherein the non-conductive
filler 1s oxidic or ceramic.
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