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COVER MEMBER FOR SEALED CIRCUIT BOARD ASSEMBLY

BACKGROUND OF THE INVENTION
Technical Field

This 1nvention relates generally to a cover member
for sealing one side of a circuit board, and more
particularly, to such a cover member that has a multi-

layered laminate structure.

Bac O Axrt

Electrical instruments, and radio egquipment in
particular, used in outdoor environments are subjected to
severe weather conditions and harsh operational demands.
Typically, a cabinet or an enclosure of some type is used
to enclose the radio equipment and provide a weather-
resistant housing for the electronic components of the
equlpment. The 1interior environment of the cabinet is
often controlled to a level suitable for the enclosed
electronic equipment and components. For example, the
inside environment may be air-conditioned, fan-cooled, or
heated. Many environmental control systems are sealed and
use closed-system air conditioners and heat exchangers to
prevent outside air from entering the enclosure. In
applications where the complexity and/or cost of the
sealed systems 1is prohibitive, outside air is generally
used directly to cool the equipment inside the enclosure.
Unfortunately, atmospheric air often contains many
substances that will attack radio equipment, such as
water, nitrates, hydrocarbons, sulphur dioxide, nitrogen
oxides, hydrogen sulphide, chlorine, ozone, and salt.

Several methods are used for protecting circuit
boards from harsh ambient environments. Conformal
coatings have been used successfully for many vyears.
Conformal coatings cover an entire circuit board to seal

and protect the components on the board as well as the
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pboard itself. 1In this method, the circuit board is dipped
Oor sprayed with a specified cocating. However, it has been
found that this method sometimes leaves small holes or
gaps 1n the coating, and can have an uneven buildup of
material, creating problems for handling and circuit
performance. More recently, vacuum deposition has been.
used to build up the protective layer at a molecular
level. However, wvacuum deposition is an expensive and
time-consuming process, and requires a significant capital
investment in specialized equipment.

Potting 1s another form of conformal coating wherein
the circuit board is permanently fixed inside a small box
or frame and potting compound poured over and around the
board, imbedding it completely in the compound. However,
potted circuit boards require increased physical space and
make repair of the circuit board very difficult, if not
1mpossible.

Placing the «circuit board within an air-tight
enclosure 1s also a method of sealing the circuit board.
For example, U.S. Patent 5,527,989, issued June 18, 1996
to Karl-Erik Leeb, describes a device for encapsulating
electronic components. However, although a circuit board
can be encapsulated within the described device, all
components that require visual or physical accessibility,
such as connector assemblies, are not covered and hence
not protected from airborne contaminants.

Cold welding may also be used to seal a metal
enclosure, or special adhesives can be used to seal metal
Oor other materials which form the enclosure. However,
these structures also require considerable physical space
for the sealed product and can be a costly solution,
depending on the complexity of the assembled components
and the degree of hermeticity required.

The present lnvention is directed to overcoming the
problems set forth above. It is desirable to have a cover
for a circuit board that cooperates with the circuit board

Lo provide a sealed circuit board assembly. It is also
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desirable to have such a cover and sealed circult board
assembly wherein electrical components on the circuit
board are sealed from the ambient environment while still
providing access to connector assemblles mounted on the
circuit board. It is also desirable to have such a cover
and sealed circuit board assembly that does not require
increased space within an instrument housing 1n which the

circuit board is mounted.

SUMMARY OF THE INVENTION

In accordance with one aspect of the present
invention, a cover mnember for sealing one side of a
circuit board having at least one connector assembly
disposed on a peripheral margin at one side of the circuit
board, comprises a multi-layered laminate structure. The
laminate structure has a first 1layer formed of an
electrically non-conductive polymer adapted for bonding
with pre-selected portions of the circuit board, a second
layer formed of a material having electromagnetic
radiation shielding properties and bonded to the first
layer, a third layer formed of an electrically non-
conductive polymer bonded to the second layer, and a
fourth layer formed of an electrically conductive material
and bonded to the third layer. The multi-layered laminate
structure further includes a first portion adapted €O
sealingly surround an outer surface portion of the
connector assembly disposed on the circuit board, and an
edge portion adapted to sealingly abut a face panel to
which the circuit board i1s mounted.

Other features of the cover member embodying the
present invention include the first portion of the
laminate structure being adapted to abut a seal positioned
between the outer surface portion of the connector and the
cover member or, alternatively, be bonded to the outer
surface portion of the connector assembly. Other features
include the edge portion of the laminate structure being

adapted to sealingly abut a seal either disposed within
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a groove formed in the face panel, or disposed on a
surface of the face panel.

In accordance with another aspect of the present
invention, a sealed circuit board assembly includes a
panel adapted to receive a circuit board, a circuilt board
attached to the panel, and a cover member. The circuit
board has a surface as defined by edges and which has
substantially planar margins disposed adjacent first
defined portions of the edges. The circuit board further
includes at least one electrical connector assembly
mounted on a planar margin of the surface disposed
adjacent a second defined portion of a preselected one of
the edges of the circuit board. The connector assembly
has an outer surface portion spaced from the surface of
the circuit board. The cover member 1s a multi-layered
laminate structure having a first layer formed of an
electrically non-conductive polymer having portions
thereof bonded to the planar margins of the circuit board,
a second lavyer formed a material having electromagnetic
radiation shielding properties and bonded to the first
layer, a third layer formed of an electrically non-
conductive polymer and bonded to the second layer, and a
fourth layer formed of an electrically conductive material
bonded to the third lavyer. The cover member further
1includes a first portion adapted to sealingly surround the
outer surface portion of the connector assembly and an
edge portion adapted to sealingly abut the panel.

Other features of the sealed circuit board assembly
embodying the present invention include a seal positioned
between the outer surface portion of the connector
assembly and the cover member or, alternatively, the cover
member being directly bonded to the outer surface portion
of the connector assembly. Other features include a seal
member positioned between a panel to which the circuit
board is attached and an edge portion of the cover member
that 1s adapted to sealingly abut the panel. Still

another feature includes t he cover member having
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predefined portions spaced inwardly from the planar
margins of the circuit board and spaced from the surface

of the circuit board at a distance sufficient to provide

clearance between the cover member and the electrical

component mounted on the circuit board.

According to an aspect of the invention there is
provided a cover member adapted for sealing one side of a
circuit board defined by edges that include a first edge
adapted for mounting to a face panel and at least one
connector assembly disposed on a peripheral margin of sai-d
one side of the «circuit board at a position adjacent
another edge of the circuit board, said connector assembly
having an outer surface portion spaced from said one side
of the circuit board, said cover member comprising:

a substantially‘ rigid multilayered laminate structure
having a first layer formed of an electrically
nonconductive polymer adapted for bonding with preselected
-portions of sald circuit board, a second layer formed of a
material having electromagnetic radiation shielding
properties and bonded to said first layer, a third layer
formed of an electrically nonconductive polymer bonded to
salid second layer, and a fourth layer formed of ah
electrically conductive material and bonded to said third
layer;

a first portion of said laminate structure adapted to

sealingly surround said outer surface portion of connector

assembly; and

an edge portion of said laminate structure adapted to
sealingly abut said face panel.
According to another aspect of the invention there is
provided a cover member adapted for sealing one side of a
circuit board defined by edges that include a first edge

adapted: for mounting to a face panel and at least one
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connector assembly disposed on said first edge of the
circult board at a position adjacent said face panel, said
cover member comprising:

a substantially rigid multilayered laminate structure
having a first layer formed of an electrically
nonconductive polymer adapted for bonding with preselected
portions of said circuit board, a second layer formed of a
material having electromagnetic radiation shielding
properties and bonded to said first layer, a third layer
formed of an electrically nonconductive polymer bonded to
said second layer, and a fourth layer formed: of an
electrically conductive material and bonded to said third
layer, said multilayered laminate structure having an edge
portion adapted to protectively surround a portion of said
connector assembly and sealingly abut said face panel.

According to a further aspect of the ‘invention there
1s provided a sealed circuit board assembly, comprising:

a panel adapted to receive a circult board;

a circuit board attached to said panel and having a
plurality of electrical components mounted on a surface of
the circuit board, said surface being defined by edges with
substantially planar margins disposed adjacent first
defined portions of the edges, and at least one electrical
connector assembly mounted on a planar margin of said
surface disposed adjacent a second defined portion of a
preselected one of said edges of the circuit board, said
connector assembly having an outer surface portion spaced
from said surface of the circuit board;

a cover member having a multilayered laminate structure
comprising a first layer formed of an electrically
nonconductive polymer having portions thereof bonded to
said planar margins adjacent the first defined portions of

the edges of the circuit board, a second layer formed of a
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material having electromagnetic radiation shielding
properties bonded to said first layer, a third layer formed
of an electrically nonconductive polymer bonded to said
second layer, and a fourth layer formed of ‘an electrically
conductive material bonded to said third layer, a first

portion adapted to sealingly surround said outer surface

portion of the connector assembly;

and an edge portion adapted to sealingly abut said panel.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the structure and
operation of the present invention may be had by reference
to the following detailed description when taken in
conjunction with the accompanying drawings, wherein:

FIG. 1 is a perspective view of a sealed circuit
board assembly embodying the present 1invention;

FIG. 2 1s an exploded perspective view of the sealed
circuit board assembly embodying the présent invention;

FIG. 3 is an e¥xploded perspective view of a portion
of the sealed circuit board assembly embodylng the present
i1nvention;

FIG. 4 is a cross-sectional view of the sealed
circuit board assembly embodying the present invention
taken along the line 4-4 of Fig. 1; |

FIG. 5 is a sectional view of a portion of the sealed
circuit board assembly embodying the present invention,
showing the circuit board, connector, seal, and cover '
member components of -the assembly;

FIG. 6 is a sectional view of a portion of the sealed
circuit board assembly embodying the present invention,
showing the cover member directly bonded to the outer
periphery of the connector;

FIG. 7 is a sectional view of a portion of the sealeqd
circuit board assembly embodying the present invention,
showing the circuit board, front panel, seal, and cover
member components of the assembly; and
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FIG. 8 is a sectional view of a portion of the sealed
‘circuit board assembly embodying the present invention,
showing another embodiment of the circuit bodrd, £front

panel, seal, and cover ‘member components of the assembly.
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DETAILED DESCRIPTION OF PRESENTLY PREFERRED EXEMPLARY

EMBODIMENTS

In the preferred embodiment of the present invention,

a sealed cilrcuit board assembly 10 includes a circuit
board 12 that 1s attached to a panel 14, such as a face
panel as shown in Fig. 1, and a cover member 16. The
circuit board 12 has a plurality of electrical components
18 mounted on a surface of the circuit board that 1is
defined by edges 20 that have substantially planar margins
21 dispcsed adjacent first defined portions 22 of the
edges 20. The circuit board 12 also has at least one
electrical connector assembly 24 mounted on a planar
margin 25 of the circuit board surface that is disposed

adjacent a second defined portion 26 of the edges 20. As

shown 1n Fig. 2 of the illustrative embodiment, the

connector assembly 24 1s a 96 pin DIN-type connector that
1s mounted on a circuit board. The connector 24 provides

electrical communication between circuits on the circuit

board 12 and a backplane, not shown, connectable with the
connector assembly 24. The connector assembly 24 1is

mounted on the circuit board 12 and has an outer surface

portion 28 that is spaced from the surface of the circuit

board 12.

The cover member 16 is preferably a multi-layered

laminate structure which, in the illustrative preferred

embodiment, comprises four layers. A first, or inner,

layer 30 1is formed of an electrically non-conductive

polymer, for example, an ionomer resin such as SURLYN
produced by DuPont. In the illustrative embodiment, the
first layer 30 has a thickness of about 0.24 mm. SURLYN'

1s particularly desirable because of its high hot tack

strength, low sealing temperature, and excellent
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formability/deep draw characteristics which when deformed,
resist pinholing. 1In particular, SURLYN ionomer resin is

directly bondable to the planar regions 21 adjacent the
first defined portions 22 of the edges 20 of the circuit
board 12. The cover member 16 further 1includes a second
layer 32 formed of an electrically conductive material,

such as brass, having electromagnetic radiation shielding
properties to prevent propagation of radio frequency (RF)

energy through the cover member 16, and 1s bonded to the
first layer 30. In the illustrative embodiment, the
second layer 32 has a thickness of about 0.10 mm.

The laminate structure of the cover member 16 also
includes a third layer 34 formed of an i1onomer resin such
as described above with reference to the first layer 30.

In the preferred exemplary embodiment, the third layer

electrically non-conductive polymer has a thickness of

- about 0.06 mm.

The laminate structure of the cover member 16 further
comprises a fourth, or outer, layer 36 formed of an

electrically conductive material. In the preferred

illustrative embodiment, the outer layer 36 is formed of

stainless steel having a thickness of about 0.10 mm. The

stainless steel outer layer 36 advantageously provides an

oxidation resistant covering that increases the structural
stiffness of the cover for enhanced protection of the
enclosed components. Thus, the overall thickness of the

cover member 16 1s about 0.50 mm and, 1n addition to
sealing the surface of the circuit board 12, provides a

protective, substantially rigid, cover over the electrical

components 18 mounted on the circuilt board 12. Even
though the cover member 16 1s substantially rigid, it 1is

readily formed by stamping or pressing to provide the

desired contoured shapes 1in one or more predefined
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portions 38 that, when the cover member 16 is bonded to
the circuit board 12, is spaced from the surface of the
circuit board 12 at a distance sufficient to provide
clearance between the cover member 16 and the electrical
components 18 mounted on the circult board 12, as well as
edge-mounted features such as the connector assembly 24.

In the preferred embodiment of the present invention,

as shown i1in the drawings, the circuit board 12 is attached
to a front panel 14 which forms a component of the control

radio interface of the above-mentioned radio base station.

Typically, the front panel 14 is formed of aluminum and,

1n the 1i1llustrated embodiment has a second connector

assembly 40 adapted to receive one oOr mOore connector

plugs. Also, a switch, fuse, or other accessible

component 41, may also be mounted on the circuit board
at a position adjacent the front panel 14.

In the present embodiment, the cover member 16, in
addition to having formed predefined portions 38 adapted
Lo provide a clearance for electrical components 18, also
has a first formed edge portion 42 that is adapted to mate
with the outer surface portion 28 of the connector
assembly 24. In a first embodiment, as shown in Figs. 4
and 5, the sealed circuit board assembly 10 includes a
resiliently compressible seal member 44 that is positioned
between the outer surface 28 of the connector assembly 24
and the first layer 30 of the predefined portion 38 of the
cover member 16. In a second embodiment, shown in Fig.
6, the first layer 30 of the cover member 16 is directly
bonded to the outer surface portion 28 of the connector
assembly 14, either by heat fusion or adhesive joining.

In another embodiment of the present invention, the

Tl s ad Nl st o N dAsN R HA Nsavin Al M - a.‘»Wi-VquM{MWMaMMWh:‘M,““m,_.._._“. . .
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covey member 16 has a second formed edge portion 46 that

1s shaped to protectively surround a portion of the second

connector assembly 40 mounted on the circuit board 13 at
another second defined portion 26 of the circuit board 12,
adjacent the front panel 14. In one arrangement, the
front panel 14 has a groove 48 formed on the interior
surface of the panel 14 that 1s shaped to receive the
second formed edge portion 46 of the cover mempber 16. As
shown in Fig. 7, the groove 48 preferably has an
elastomeric seal 50 disposed in the bottom of the groove
48 . In another arrangement, a flat face seal 52 1is
positioned on the inside surface of the panel 14 between
the second formed edge portion 46 of the cover member 16

and the panel 14.

Desirably, the ground plane circuitry of the circuit

board 12 is electrically connected to the electrically
conductive second layer 32 of the cover member 16. 1In the
present invention, a grounding wire 54 1s desirably
connected to the ground plane of the circuit board 12 and

either extends from, or rests on, the surface of the

circuit board 12, as shown in Figs. 5 and 6. When the
cover member 16 is assembled to the circuit board 12,

preferably by pressure-heat bonding, a portion of the

first layer 30 of the cover member 16 1is displaced

providing direct electrical communication between the

electrical lead 54 and the electrically conductive second
layer 32 of the cover member 16. The portion of the first
layer 30 that 1s displaced, is the area that 1s directly
aligrned with the electric lead 54 prior to bonding.
Thus, 1t can be seen that the cover member 16

provides an air-tight seal Dbetween the external

environment and electrical components 18 mounted on the



CA 02303318 2000-03-09

WO 99/17598 PCT/US98/20214

-10-
circult board 12. The circuit board 12 1s completely

sealed around 1its periphery by being either directly
bonded with the first layer 30 of the cover member 16, or

by a combination of direct bonding and elastomeric seals

44, 50, 52. Furthermore, 1t can be seen that the cover
member 16 advantageously provides a structural barrier

between the external environment and electrical components

18 mounted on the circuit board 12.

Although_the present i1nvention 1s described in terms
of preferred exemplary embodiments, with specific
materilials suggested for construction of the laminated
structure of the cover, specific connector assembly
arrangements, and specific panel constructions and
mounting arrangements for the circuit board to a front
panel, those skilled in the art will recognize that
changes in those materials, connector assemblies, panels
and mounting arrangements, may be made without departing
from the spirit of the invention. For example, different
electrically conductive and non-conductive materials may
be used for formation of the cover assembly, and different
connector assembly arrangements, may be made without
departing from the spirit of the invention. Such changes
are 1intended to fall within the scope of the following
claims.

Other aspects, features, and advantages of the
present invention may be obtained from a study of this

disclosure and the drawings, along with the appended

claims.
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A cover member adapted for sealing one side of a
circuit board defined by edges that include a first edge
adapted for mounting to a face panel and at least one
connector assembly disposed on a peripheral margin of said
one side of the circuit board at a position adjacent
another edge of the circuit board, said connector assembly
having an outer surface portion spaced from said one side
of the circuit board, said cover member comprising:

a substantially rigid multilayered laminate structure
having a first layer formed of an electrically
nonconductive polymer adapted for bonding with preselected
portions of said circuit board, a second layer formed of a
material having electromagnetic radiation shielding
properties and bonded to said first layer, a third layer
formed of an electrically nonconductive polymer bonded to
said second layer, and a fourth layer formed of an
electrically conductive material and bonded to said third
layer;

a first portion of said laminate structure adapted to

sealingly surround said outer surface portion of connector

assembly; and

an edge portion of said laminate structure adapted to

sealingly abut said face panel.

2. A cover member, as set forth in claim 1, wherein said
first portion of the laminate structure comprising said
cover member is adapted to abut a seal positioned between

the outer surface portion of said connector assembly and

sald cover member.
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3. A cover member, as set forth in claim 1, wherein the
first layer of said laminate structure comprising the cover
member 1s bondable with the outer surface portion of said

connector assembly.

4, A cover member, as set forth in claim 1, wherein the
edge portion of said laminate structure comprising the
cover member 1s adapted to sealingly abut a seal disposed

within a groove formed on said face panel.

5. A cover member, as set'forth in claim 1, wherein said
edge portion of said laminate structure comprising the
cover member 1s adapted to sealingly abut a seal disposed

on a surface of said face panel.

6. A cover member, as set forth in claim 1, wherein said
one side of the circuit board has a plurality of
substantially planar peripheral margins adjacent each edge
of the circuit board, and the first layer of said laminate
structure comprising the cover member has peripheral
margins adapted for bonding with each of the peripheral

margins of the circuit board.

7. A cover member, as set forth in claim 6, wherein said

cover member has at least one portion spaced inwardly from
" said peripheral margins that is shaped to be spaced from
sald one side of the circuit board when the peripheral
margin of the first layer of said laminated structure of
the cover member are bonded to the peripheral margins of

said circuit board.

8. A cover member, as set forth in claim 6, wherein said

circult board has at least one electrical lead extending
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outwardly from said one side of the circuit board, and said
second layer of the laminate structure comprising the cover
member 1s electrically connectable with said at least one
electrical lead 1n response to pressure bonding said cover
member to said circuit board and displacing a portion of
the first layer of said laminated structure comprising the
cover member that, prior to salid pressure bonding, 1is

aligned with said at least one electrical lead.

9. A cover member adapted for sealing one side of a
circuit board defined by edges that include a first edge
adapted-for mounting to a face panel and at least one
connector assembly disposed on said first edge of the
circult board at a position adjacent said face panel, said
cover member comprising:

a substantially rigid multilayered laminate structure
having a first layer formed of an electrically
nonconductive polymer adapted for bonding with preselected
portions of said circuit board, a second layer formed of a
material having electromagnetic radiation shielding
properties and bonded to said first layer, a third layer
formed of an electriéally nonconductive polymer bonded to
said second layer, and a fourth layer formed of an
electrically conductive material and bonded to said third
layer, said multilayered laminate structure having an edge
portion adapted to protectively surround a portion of said

connector assembly and sealingly abut said face panel.

10. A cover member, as set forth in claim 9, wherein the
edge portioh of said laminate structure comprising the
cover member 1is adapted to sealingly abut a seal disposed

within a groove formed on said face panel.



CA 02303318 2007-02-28

14

11. A cover member, as set forth in claim 9, wherein said
edge portion of said laminate structure comprising the
cover member 1s adapted to sealingly abut a seal disposed

on a surface of said face panel.

12. A sealed circuit board assembly, comprising:

a panel adapted to receive a circult board;

a circuit board attached to said panel and having a
plurality of electrical components mounted on a surface of
the circuit board, said surface being defined by edges with
substantially planar margins disposed adjacent first
defined portioné of'the edges, and at least one electrical
connector assembly mounted on a planar margin of said
surface disposed adjacent a second defined portion of a
preselected one of said edges of the circuit board, said
connector assembly having an outer surface portion spaced
from said surface of the circuit board;

a cover member having a multilayered laminate structure
comprising a first layer formed of an electrically
nonconductive polymer having portions thereof bonded to
salid planar margins adjacent the first defined portions of
the edges of the circuit board, a second layer formed of a
material having electromagnetic radiation shielding
properties bonded to said first layer, a third layer formed
of an electrically nonconductive polymer bonded to said
second layer, and a fourth layer formed of an electrically
conductive material bonded to said third layer, a first
portion adapted to sealingly surround said outer surface
portion of the connector assembly;

and an edge portion adapted to sealingly abut said panel.

13. A sealed circuilt board assembly, as set forth in claim

12, wherein said sealed circuit board assembly includes a
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seal positioned between the outer surface portion of said
connector assembly mounted on the circuit board and said

cover member.

14. A sealed circuit board assembly, as set forth in claim
12, whérein sald cover member is bonded to the outer
surface portion of said connector assembly mounted on the

circuit board and said cover member.

15. A sealed circuit board assembly, as set forth in claim
12, wherein said sealed circuit board assembly includes a
seal member disposed between said panel and salid edge

portion of the cover member adapted to sealingly abut said

panel.

16. A sealed circuit board assembly, as set forth in claim
12, wherein said laminate structure comprising said cover
member has predefined portions spaced inwardly from said
portions of the first layer bonded to the planar margins of
the circuit board and spaced from said surface of the
circult board at a distance sufficient to provide clearance
between said laminate structure and the electrical

components mounted on said circuit board.
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