
1   COVER LAYER IN FILTER UNIT FOR CONNECTORS   Description  Background of
the Invention     The invention relates to a filter unit for connectors
comprising:     at least one substrate made of electrically insulating
material and having two mutually opposite sides    and through openings for
contact elements of the    connector;    capacitors situated on at least
one of the two oppo-    site sides of the substrate in the region of the
through openings, each of said capacitors compris-    ing at least one
first conducting layer in contact with    the substrate, a dielectric layer
and a second con-    ducting layer, and    at least one passivating,
electrically insulating cover    layer disposed above each of said
capacitors, said    cover layer comprising at least one first flexible pas-
sivating, electrically insulating layer having a low    moisture absorption
coefficient, and a second hard    layer.     Such a filter unit is
disclosed by European Patent Application EP-A-0 124 264.     In electrical
transmission engineering, pulse-type signals are increasingly being used to
transmit informa- tion. As known in electrical engineering, pulse-type sig-
nals can be broken down into a series of sinusoidal sig- nals having
increasing frequency, the so-called higher harmonics. In the case of
signals having a high pulse frequency, as is usual in the case of
computers, higher harmonics may occur in the megahertz region or even up
into the gigahertz region.   



2      The steepness of the pulse edges, also referred to as the rise time,
likewise plays an important role. A nor- mal rise time of one nanosecond
corresponds to a high- er harmonic frequency of approximately 350 MHz, re-
gardless of the pulse frequency itself.     Such higher harmonics are found
to be very trou- blesome. In a space in which various interconnected
electronic processing apparatuses which generate pulse-type signals are
present, interferences readily oc- cur in the information processing as a
consequence of the higher harmonic signals. Such interferences may assume a
proportion such that the correct functioning of, for example, computers is
no longer possible.     In order to be able to keep the total interference
lev- el as low as possible, it is necessary to use filters with which the
undesirable higher harmonic frequencies can be attenuated without the
desired information signal be- ing excessively distorted. A capacitor is a
component which is suitable for this purpose because its reactance is
inversely proportional to the frequency. That is to say, the reactance is
greater for relatively low frequencies than for higher frequencies.
European Patent Application 0,124,264, referred to  above, discloses a
filter unit for connectors in which two  cover layers may be used on the
capacitors. An inner  cover layer covering the capacitor is composed of
glass  and an outer cover layer covering the inner cover layer  is made of
silicone. This known combination of cover  layers is unsuitable for fairly
large surface areas be-  cause, in that case, the mechanical stresses in
the glass  become too high with increasing temperature owing to  the
different temperature coefficients and cracks may  occur. Because the outer
layer is composed of silicone,  which has a high moisture diffusion
coefficient, moisture  is then able to penetrate the capacitors via the two
cover  layers.    



3     In another filter unit, as described in EP-A- 0,299,563, each of the
contact devices of a connector is decoupled to earth (chassis) with the aid
of a capac- itor. The filter unit is manufactured by the so-called thick-
film screen-printing technology on a flat substrate. Such methods permit
capacitors to be inexpensively manu- factured which have an inductance low
enough to atten- uate signals effectively at high frequencies. The capac-
itance value of the flat capacitors produced in this way is directly
proportional to the surface area of the mutually opposite electrodes and
the relative permittivity of the dielectric material present in between,
but is inversely proportional to the distance between the electrodes.
In the filter unit, known from E P-A-0,299,563 the ca- pacitors are covered
with a protective cover layer, which may be made up of various sublayers.
Previously, sili- cone, which is flexible and has a low moisture absorp-
tion coefficient and a high moisture diffusion coefficient, has been used
for all these layers. As a result of its flex- ibility, silicone is very
suitable for use over fairly large surface areas because it readily adapts
to the expanded form of the filter unit at higher temperatures. Usually
such filters have to be washed after manufacturing by a suitable solvent.
Previously used solvents, however, af- fect the ozone layer and, therefore,
alternative solvents are needed. Such an alternative is a deionized water
solution. However, it appears that silicone is not suffi- ciently resistant
to deionised water solutions used in washing, for example, those provided
with 10% Lonco Terge 520 D detergent. If washing is carried out with this
solvent, moisture can penetrate the capacitor, with short circuiting or a
low dielectric breakdown voltage as a re- sult.     In US-A-5,130,780 a
dual in-line packaging is de- scribed which comprises a substrate with a
first cover layer of a first material covering the bottom surface of the
substrate and a second cover layer of a second ma- terial covering the top
surface of the substrate. The first   



4  material is resilient and moisture resistant and the sec- ond material
is hard compared to the first material. Dur- ing manufacturing of the known
device, the first layer is first applied to the bottom surface and partly
to the pe- ripheral surface of the packaging; next, the second layer is
applied to the top surface and, again, partly to the pe- ripheral surface,
thus producing a cover layer at the pe- ripheral surface that comprises two
sub-layers: a first sub-layer that is resilient and moisture resistant and
a second sub-layer that is hard compared to the first sub- layer. Since by
a suitable choice of the first and second materials a good adherence
between them occurs at the peripheral surface where they overlap moisture
is also prevented from entering the inside of the packaging via the
junction interface between the first and second layer at the peripheral
surface. However, in the known device the overlap of the first and second
layers at the periph- eral surface is only established because of
preventing moisture to enter the device via the interface between the first
and second layers. The bottom surface is en- tirely covered by one cover
layer, i.e., a resilient layer, whereas the top layer is also entirely
covered by one layer, i.e. a hard layer. Therefore, the known device is
also not sufficiently resistant to deionised water solu- tions used in
washing; especially, moisture can pene- trate into the known device through
the first cover layer at the bottom surface during washing with deionised
wa- ter.     The object of the invention is to provide a filter unit of the
type mentioned at the outset, which is completely moisture- and
contamination-repellent, even if washing is carried out with deionised
water.  Summary of the Invention      To achieve this object, the invention
provides a filter unit of the above-mentioned type, characterized in that
the first flexible layer substantially covers the top surface 



5  of each of said capacitors and said second hard layer is made of a
material having a high moisture absorption coefficient and a low moisture
diffusion coefficient, and covers said first flexible layer. Such a
combination of cover layers is extremely moisture- and contamination-
repellent. An additional advantage is that moisture left behind in the
capacitor can still escape from the capac- itor via the first cover layer,
which has a high moisture diffusion coefficient, and can be absorbed in the
second cover layer, which has a high moisture absorption coef- ficient.
This provides a dry cover layer between the ca- pacitor and the second
cover layer. Furthermore, the flexibility of the first layer ensures that
consequences of different temperature coefficients between the capaci- tors
and the second (hard) layer are absorbed. This is especially important in
the case of fairly large surface areas.     In a first embodiment, the
first layer of said cover layer comprises silicone.     The second layer
comprises preferably epoxy.     In the filter unit according to the
invention, capaci- tors which are all covered with the cover layer may be
located on both sides of the substrate.  Brief Description of the Drawings
The invention will be explained in greater detail be- low by reference to
some exemplary embodiments of the filter unit as represented in the
attached drawings, in which:     Figure 1 shows, in perspective, an
embodiment of the filter unit in a view with the parts taken apart.
Figure 2 shows, on an enlarged scale, a section through a single electrode
part of the filter unit shown in Figure 1 and connected to a connector.
Figures 3a, 3b and 3c diagrammatically show vari- 



ous views and a section of an embodiment of the filter unit for use in a
four-row connector.                                   6   Detailed
Description of the Embodiments       Figure 1 shows layer-by-layer the
structure of an  embodiment of the filter unit 1. The flat substrate 2 has
through openings 3 with a mutual spacing which is such  that the filter
unit is suitable for mounting in a two-row  connector. A first electrode 5
composed of a layer of  electrically conducting material and having through
openings 6 which are situated so as to correspond to  the through openings
3 in the substrate 2 is provided  over the substrate side 4. The through
openings 6 have  a larger diameter than the through openings 3 of the
substrate 2. Provided on the first electrode 5 is a layer  7 of dielectric
material which has correspondingly situ-  ated through openings 8.      The
diameter of said through openings 8 is prefer- ably equal to, or slightly
larger than, the diameter of the through openings 3 in the substrate 2.
Provided on the layer 7 are electrode patches 9 made of electrically con-
ducting material and having a through opening 10, which electrode patches,
together with the first elec- trode 5 and the dielectric layer 7, form the
filter capaci- tors. The electrode patches 9 are arrow-shaped, the pointed
end 11 surrounding the through opening 10 and the wide end 12 extending
towards an edge of the sub- strate 2. With the electrode patches 9 situated
as shown, a filter unit can be manufactured for a two-row connector having
a relatively small pitch spacing in the order of magnitude of 2 mm.
Although not necessary, the elec- trode patches 9 may extend along the wall
of the through openings 3 of the substrate 2. Provided on the electrode
patches 9 are a first cover layer 13 and a second cover layer 22 of
electrically insulating material, whose re- spective openings 14, 23 have a
dimension such that 



the filter unit can be fitted over the contact devices of a connector. In
this case, the electrode patches 9 are con- nected in the assembled state
to the contact devices of the connector by means of soldering and the first
elec- trode 5 is soldered to the connector housing.
7     Figure 2 shows, on an enlarged scale, a section through an electrode
patch 9 of the filter unit 1 shown in Figure 1 and connected to a
connector, as seen from the narrow edge of the substrate 2. The portion 19
of the electrode patch 9 extends along the wall of the through opening 3 of
the substrate 2. Accommodated in the through opening 10 bounded thereby is
a connecting pin 15 of the connector. The connecting pin 15 is joined to
the electrode patch 9 by means of solder 16. The first electrode 5 is
connected to a wall 18 of the housing of the connector by means of solder
17.     The substrate 2 of the filter unit is preferably com- posed of
aluminium oxide (Al[err]O[err]), the capacitor elec- trodes of an alloy of
palladium and silver, and the die- lectric of barium titanate (BaTiO[err]).
It is obvious that var- ious different dielectric layers or sublayers may
be used instead of one single dielectric layer 7. The situation of the
capacitor electrodes 5, 9 may also be interchanged with respect to the
structure shown in Figure 1.     At least two cover layers 13, 22, provided
with through openings 14, 23, are provided on the electrode patches 9 to
protect the filter unit against moisture and contaminants. The first layer
13 is manufactured from a flexible material having low moisture absorption
coeffi- cient and high moisture diffusion coefficient. The second layer 22
is composed of a rigid material having high moisture absorption coefficient
and low moisture diffu- sion coefficient. Silicone is a suitable material
for the first layer 13, whereas epoxy is preferably used for the sec- ond
layer. Such a combination of cover layers 13, 22 provides excellent
protection for the capacitor against moisture and contaminants and is also
resistant to 



washing in deionised water provided with a standard de- tergent, for
example 10% Lonco Terge 520 D. Because the first layer 13 is flexible, it
absorbs the difference in temperature coefficient between the electrode
patches 9 and the second cover layer 22, which is important, es- pecially
in the case of fairly large surface areas. Be- cause of its low moisture
diffusion coefficient, the sec-                                  8  ond
cover layer 22 prevents moisture from being able to reach the capacitor of
the filter unit, which could bring about short circuits and/or a low
dielectric breakdown voltage. If desired, the first layer 13 may be made up
of various sublayers. The same applies to the second layer 22.      Figure
3 shows the structure of an embodiment of the filter unit according to the
invention for use in a four- row connector, capacitors being formed on the
two flat sides of the substrate of the filter unit In Figure 3, the layers
and elements corresponding to the known filter unit shown in Figure 1 are
indicated by the same refer- ence numerals. The corresponding layers and
elements situated on the opposite flat substrate side are also in- dicated
by the same reference numerals, but provided with a prime. Figure 3b shows
a section similar to Figure 2, whereas Figure 3a shows a view with parts
broken away from one flat side and Figure 3c with parts broken away from
the other flat side of the filter unit according to the invention.     The
electrode patches 9, 9' on either side of the sub- strate 2 are arranged so
that the electrode patches 9 which belong to the two outermost rows of
through openings are provided on one side 4 of the substrate and the
electrode patches 9' belonging to the two inner- most rows of through
openings are provided on the other side 4'. Each through opening 3 of the
substrate 2 is therefore surrounded by an electrode patch 9 or 9', re-
spectively, only on one side of the substrate. The parts 



19, 19' of the electrode patches 9, 9' extending along the wall of the
through openings have a length such that they do not make electrical
contact with the electrodes of the capacitors situated on the opposite
substrate side.     Two cover layers 13, 13' are located on the elec- trode
patches 9, 9'. The properties of the first cover layer 13, 13' are the same
as those of the first cover layer 13 of the device according to Figure 2,
whereas the prop- erties of the second cover layer 22, 22' correspond to
9 those of the second cover layer 22 in Figure 2. The first cover layer 13,
13' is again preferably manufactured from silicone and the second cover
layer 22, 22' from epoxy.     The two first electrodes 5, 5' extend partly
along the narrow edges 20, 21 in the longitudinal direction of the
substrate 2.     As a departure from Figure 3, the electrode patches 9, 9'
can be arranged in various ways. The electrode patches belonging to the
through openings situated ad- jacently in a row or column may, for example,
be provid- ed in each case at a different side of the substrate. In the
case of a substrate which is provided with at least two rows of through
openings, the electrode patches be- longing to the through openings of a
row or column may be situated on one side of the substrate and the elec-
trode patches belonging to another, for example adja- cent, row or column
may be situated at the other side of the substrate.     From the views
shown in Figures 3a and c of the four-row filter unit according to the
invention, it is clearly visible that there is sufficient room on both
sides of the substrate to provide electrode patches for the manufac- ture
of filter capacitors of suitable size, comparable with those of the two-row
known filter unit shown in Figure 1. As a consequence, inter alia, of the
drive towards min- iaturisation and as a result of the high density of
current integrated circuits, there is a great need for connectors having a
high contact element density, that is to say hav- 



ing a large number of contact elements per unit volume. The present filter
unit may advantageously be used for connectors of this type.     Although
rectangular electrode patches have been shown in the above embodiments of
the filter unit ac- cording to the invention, electrode patches having a
dif- ferent geometrical circumference, for example round, square, hexagonal
electrode patches etc., can also be used. Instead of round through
openings, openings hav-                                     10 ing a
slitshaped, square or other section can of course also be used, all these
features being dependent on the shape of the connecting devices of the
connector.     Although the first electrodes 5, 5' in Figures 3 and 4 are
shown as a single layer on either side of the sub- strate, they can of
course also comprise various sublay- ers which each extend over a portion
of a substrate side 4, 4' to at least one edge of the substrate 2.     The
filter unit is not, of course, limited to the embod- iments indicated in
the description and the figures but it can be modified and extended in
various ways without departing from the scope of the invention. In this
con- nection, it is possible to conceive, inter alia, the provi- sion of
semiconducting layers and/or electrode patches for the formation of
combinations of resistors (R) and capacitors (C), the so-called RC filters.
The structures, for example, on each side of the substrate may also
comprise a centre electrode which acts as a chassis electrode, which
structures are provided with electrode patches situated on either side
thereof and separated by one or more dielectric layers in order to increase
the filter capacitance still further.       



11 Claims  1. A filter unit (1) for connectors comprising:          at
least one substrate (2) made of electrically         insulating material
and having two mutually         opposite sides and through openings (10)
for         contact elements (15) of the connector;         capacitors
situated on at least one of the two         opposite sides of the substrate
(2) in the region         of the through openings (10), each of said
capacitors comprising at least one first con-         ducting layer (5) in
contact with the substrate,         a dielectric layer (7) and a second
conducting         layer (9); and         at least one passivating,
electrically insulating         cover layer disposed above each of said
capac-         itors, said cover layer comprising at least one
first flexible passivating, electrically insulating         layer (13)
having a low moisture absorption         coefficient, and a second hard
layer (22), char-         acterized in that the first flexible layer (13)
sub-         stantially covers the top surface of each of said
capacitors and said second hard layer (22) is         made of a material
having a high moisture         absorption coefficient and a low moisture
diffu-         sion coefficient, and covers said first flexible
layer (1 3).  2. A filter unit according to Claim 1, wherein the first
layer (13) of said cover layer comprises silicone.  3. A filter unit
according to Claim 1, wherein the sec-     ond layer (22) of said cover
layer comprises epoxy.  4. A filter unit according to Claim 1, wherein said
capacitors which are covered by said cover layer     (13, 22) are located
on both sides of said substrate    


