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The present invention relates to a circuit board hav1ng a
¢ lateral conductive pattern and shielded regions as well as a
.. 'method of manufacturing such a board.
' Background of the invention

In electronic equipment for high frequencies and data signals
having short transient times one portion in electronic equipment
may interfere with the operation of other portions by the fact
that the electromagnetical field will transfer signals over -
dielectric distances by induction. Such crosstalk will usually
be dealt with by having the various portions of the equipment
built into metal casings, which are electrically grounded and in
the walls of which the electric field is short circuited, i.e.
the casings will constitute shielded casings. The various
portions are intérconnected by coaxial cables. The signal being
transferred on the coaxial cable may be purged from undesirable
frequencies by meéns'of special filters. The disadvantages of
such shielded casings are partly that they are relatively
costly, partly they are spaceconsuming. Another problem is that
it is often difficult to provide sufficiently
electromagnetically closed shields between the various portions
of the electronic equipment in the case where one wants to
integrate it on one single circuit board.

In conventional pattern boards often regions of the circuit
board are surrounded by an etched and grounded frame
incorporated in and surrounding the rest of the conductive
pattern and further a ground plane is attached to the opposite
side of the circuit pattern board. By soldering a metal shield
on said grounded frame a region, which is fairly well but not

" completely shiefaed, is obtained. The problem in this case is
that the electromagnetic radiation will leak laterally between
the grounded frame and the ground plane in the laminate thus
formed. This radiation can be partly confined by having holes ~
drilled and metallized, which connect the ground plane and the
grounded frame. The radiation leakage, however, may only be
restricted in a certain amount in this way, since said holes

cannot be located too closely to each other since this would
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Prior Art

From the European patents 0 288 767 and 0 337 331 and the
U.S. patent 4 673 904 it is previously known to prepare
conductive patterns, where the conductors on all sides are
enclosed by dielectrics and ground planes. The disadvantage of
these prior methods is that a multitude of selective metal
patterns and isolation patterns must be applied to a substrate
in several sequential procedural steps what makes these methods
complicated and the risk of having a bad manufacturing output is
obvious. Another problem of this technique is that it is based
on a deposition of metal on the substrate surface and that such
deposited metal layers present a bad ductility. Further, this
method is not compatible with what is generally established
within the technique of manufacturing etched circuit pattern
boards.

Summary of the invention

The purpose of the present invention is to provide a new and
significantly simpler method for removing the disadvantages
discussed above in the technique known up to this date, wherein
conductive patterns are produced by etching a metal foil
adhesively bonded to the substrate according to the established
method of circuit pattern board manufacture and wherein in many
cases rolled metal foil can be used which will produce a certain
stretchability and flexibility in the manufactured card.

This purpose is achieved with a circuit board and a method of
the kind indicated above having the characteristics set out in

: the appended claims.

Thus a circuit board having a lateral conductive pattern and
shielded regions is provided comprising a first laminate of a
substrate having a conductive pattern of signal conductors and
ground conductors on one side and optionally an entirely
covering copper foil on the other side, this first laminate
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conductive pattern inside the windows, and that a metal layer is
arranged to electrically connect the optional, entirely covering
foil of the first laminate with the ground conductors of the
conductive pattern and the foil of the second laminate and also
to cover the whole side of the first laminate where the optional
entirely covering copper foil may be located, at least when such
an optional copper foil is not arranged on this side.

According to advantageous embodiments of the circuit board of
the invention the ground conductors of the conductive pattern
are prepared with protruding portions such as contact tabs
projecting past the edge of the substrate and the copper foil of
the second laminate may likewise project past the second
substrate edge in order to make a good contact with the metal
layer connecting the ground planes of the board.

The method for the manufacture of the circuit boards thus
comprises the following steps:

that a first isolating or dielectric substrate, which on one
of the sides thereof may be coated with a conductive layer, such
as a first copper foil, is cut, for instance by means of a laser
beam or a water jet, to give the first substrate, together with
the possible conductive layer, a desired outer contour or
profile, .

whereafter another, first conductive layer, such as a first
copper foil, is applied to, for instance laminated to, the
other, first side of the first substrate to entirely cover said
first side and

the first conductive layer is etched to produce a conductive
pattern comprising signal conductors and ground conductors on
the first side of the first substrate and ‘

that a second isolating or dielectric substrate is cut to
give it a desired outer contour or profile and windows or
apertures through the thickness of said substrate and that it is
coated with, for instance laminated to, a second conductive
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corresponding to said windows or apertures cut in Sald second
substrate,

whereafter the second laminate formed in this way from the
second substrate and the second conductive layer is placed on
top of the first laminate in such a way that the second
conductive layer of the second laminate is turned away from the

first laminate and the first conductive layer having the

conductive pattern of the first laminate is engaged with the

other, second side of the second lanminate and the two laminates

are intimate attached to each other, for instance adhesively
bonded to each other, and

that a conductive

layer such as a metal layer is applied to
at least the marginal

portions of that second side of the first
laminate, which is turned away from the second -laminate and thus
may have a conductive layer, and the edges or marginal portions
of the two laminates in order to electrically connect the said
side of the first laminate, ground conductors of the conductive
pattern on the first laminate and the third conductive layer on
the second substrate, the application of this conductive metal
layer being at least partly accomplished by means of thermal
spraying of a low-melting metal, for instance tin or an alloy
thereof, .

whereafter components are mounted in the windows or apertures
in the second laminate to the circuit pattern of the first
laminate. _- -

According an advantageous embodiment of the invention metal
caps are provided over the windows of one of the laminates, said
metal caps being soldered or clamped firmly against the copper
foil of the substrate in order to shield the window regions.

According to another advantageous embodiment of the invention
portions of the optional copper foil of the side of the Ffirst
lamipate, which is opposite to the side haVing:the conductive
pattern, are_ etched away and masked against metal coating in
order to enable access to the conductive pattern frém this side.

Short description of the figures

Embodiments, of the invention will now by way of exanple be
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Fig. 2 is a cross sectional view of the finished circuit
board,

Fig. 3 is a cross sectional view of an alternative embodiment
of the finished circuit board,

Fig. 4 is a cross sectional view of the finished, mounted
circuit board,

Fig. 5 is a cross sectional view of a connecting portion
along the lines V-V in Fig. 1,

Fig. 6 is a cross sectional view illustrating ground
connection in a component mounting region,

Fig. 7 is a cross sectional view of an embodiment of a
multilayer board and two laminates,

Figures 8 to 13 illustfate different steps in the preparation
of the two laminates,

Figures 14 and 15 illustrate the assembly of the laminates
and the final metallization step and

Figures 16 and 17 illustrate alternative methods of attaching
metal caps.

Description of preferred embodiments

In the figures the thicknesses illustrated of the substrates
and the foils are highly exaggerated in order to clarify the
invention. . .

In Fig. 1 a dielectric first substrate 1 is shown which is
contour cut by laser or a water jet and on which a conductive
circuit pattern is located. The conductive pattern is etched
from a conductive layer located on and attached to one side of
the substrate 1, such as a copper foil adhesively bonded to-said
substrate, and it comprises conductors 2 for signals and ground
conductors 3. The ground conductors 3, may as is shown in the
Figure, be located at the marginal portion of the substrate 1,
in order to form a grounded frame surrounding the signal ‘
conductors 2. The conductive pattern 2, 3 may suitably be etched
through a resist mask in the conventional way. From the ground
conductors 3 contact tabs 5 project past the edge of substrate
1, these contact tabs being connected to or being part of the
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cut by laser or a water jet and on which a metal layer such as a

copper foil 7 is adhesively bonded or otherwise attached. The
copper foil 7 extends past the edges of the substrate 6 to form
a free copper marginal portion and portions of the copper foil 7
are etched away on locations corresponding to the windows 8 cut
in the substrate 6 to form windows or apertures passing through
the thickness of the second laminate.

In Fig. 2 the two laminates of Fig. 1 are illustrated
adhesively or otherwise bonded to each other in such a way that
their patterns fit together, that is the circuit pattern 2, 3 of
the first laminate is positioned correctly with respect to the
windows 8 in the second laminate. They are arranged with the
side of the substrate 1 having the circuit pattern brought into
engagement with the surface of the second substrate 6 which is
not coated with a metal foil. On the side, which is opposite to
the windows 8, of the composite laminate illustrated in Fig. 2,
a conductive layer is applied, preferably a layer 10 of tin or
an alloy thereof, which is thermally sprayed such as by means of
flame spraying and it will electrically connect the portions
which are intended to be connected to a reference or ground
potential, i.e. the entirely covering foil 4 on the other,
second side of the first laminate, the tabs 5 extending from the
grounded conductor frame 3 and the metal foil 7 bonded to the
outer side of the second laminate. The bottom conductive layer 4
could in some cases be omitted but is generally preferred since
it will ensure a could adhesion between the bottom of the
completed circuit board and the thermally sprayed metal layer
10. Also, for an easy application the metal layer 10 covers all
of the bottom surface of the composite board, but this is
generally not required for the electrical shielding. The metal”
layer may thus, as is illustrated in Fig. 3, cover only the edge
regions of the completed board, also in order to perform the
electrical connection mentioned above.

The two laminates illustrated in Fig. 1 are in the composite

THIS SHEET HAS BEEN |

1
! REP! 57 -



metal- foil adhesjvely bonded to the substrate according to ﬂh@s&gggpgaﬁﬁ%gmm

met hod of ci'rcuit pattern board manufacture and wherein in nﬁng‘,gm j
rolled netal foil can be used which will produce a certain stjig E”Ulﬁm
and fl'exibility in the manufactured card. 7 Thi s purpose f

with a circuit board and a nmethod of the kind indicated above having the
characterighi€sogerigal 2 nandies appers@dts| @¢h. other in Téwsh aa GhdgUutiatboard
Compr i ngther FRBPE a2 fe o BTy f FER ] S0 E08e e PR S crontiing

si gnal condegions afidtiye oxide coadiny otlse cromdrectivie patdtem iohathy an
entirely coygLipgesopper foil on the other side, this first lamnate

At the locations where the second substrate 6 and the copper
foil 7 of the second laminate cover the circuit pattern of the
first laminate thus the circuit pattern will. be enclosed between
two ground planes 4, 7.

In the windows cut in the substrate 6 and in the copper foil
7 of the second laminate electronic components 12 such as
capacitors are intended to be mounted to the conductive pattern
2 on the inner side of the first laminate by means of surface
mounting technique, see Fig. 4. After the component mounting
these regions will be shielded by soldering a pressed metal cap,
at 16, to the copper foil 7 on.top of the second laminate, in
such a way that the cap 14 will cover all of the window 8.
Instead of soldering the cap 14 can be clamped or otherwise
attached and electrically connected to the metal foil 7 covering
the outer surface of the second laminate as will be further
illustrated hereinafter.

The regions for component mounting may be connected through
portions, as is illustrated in Fig. 1 in the centrally located
narrow portion, where elongated, band or strip shaped signal
paths 40 of the signal conductors 2 are enclosed by the
adhesively bonded substrates 1, 6 which constitute a dielectric,
which in turn is enclosed by the ground planes 7, 4, which in
turn are connected to each other by the tin layer 10, as has
been mentioned above, compare Fig. 5. In this case the signal
paths 40 may be surrounded at their longitudinal, lateral edges
by portions 41, 42 of the tin layer 10. In order to accomplish
this elongated windows 45 or apertures are arranged having their
longitudinal edges at a suitable distance from the signal paths,
at both of the edges of the signal paths 40 or at only one 43 of
their edges, if the other edge 44 is located at the same
suitable distance from the edge of the circuit board, these ~
windows being made both in first laminate and in the substrate 6
of the second laminate, leaving the copper foil on the second
substrate 6 to cover these windows. In this way the signal paths
will be effectively shielded, also from each other with a
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edge of the second substrate 6 projecting past the edge-of the
first laminate inside the windows.

If an electrically grounded surface 18 is desired inside the
grounded frame 3 and within the signal conductor pattern 2 a
hole 20 is surface cut by means of laser or a water jet in the
first substrate 1 of the first laminate, see Fig. 6, before the
lamination of the first copper foil for the conductor pattern,
and the corresponding parts of the bottom copper foil 4 on this
first substrate are etched away. The copper foil, in which the
conductive pattern is etched, will then cover the hole 20 and
the thermally sprayed tin layer 10 will connect the ground '
planes 7, 18, and 4, as is illustrated in Fig. 6.

The method described above is suited for single conductive
layers. If several conductive planes or intersections are
required this is suitably accomplished by means of screen
printing of isolating and conducting mixtures of artificial
resins or plastics, so called polymer thick film technique. Such
a method for the manufacture of thin continuous substrate strips
is described in the Swedish Patent 455 148, which is
incorporated herein as a reference.

The copper foil 4 which may be arranged on the side opposite
the side having the circuit pattern of the substrate 1 of the
first laminate can be etched and masked against metallization in
order to provide access to the circuit also from this side. Such
regions may then be shielded by electrically closed metal caps
26, as is illustrated in Fig. 7, wherein an embodiment is
illustrated consisting of two laminates, combined with a
multilayer board 22 located on top of the above mentioned
conductive pattern comprising the signal and ground conductors
2, 3. The contacting of the conductive planes incorporated in~
the multilayer board and the conductors 2, which have been
etched on the substrate 1, is accomplished by means of
metallized holes 24. In this case the metal layer 10 on the
bottom and edges of the circuit board and the metal layer inside
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holes are coated according to prior multilayer board methods

wherein the regions of the ground plane 4 of the lower laminate
of Fig. 7, where the coated hole 24 will be produced, is etched
away and the hole 24 is connected to the signal conductors of
the multilayer board 20. The ground planes 4, 7 are contacted
through a simultaneously deposited metal layer 10, as has
already been mentioned. In this embodiment shield caps 14, 26
are mounted at the ground planes 7, 10 by means of soldering
joints 16 and 28 respectively in order to shield the circuit
space completely.

Circuit boards can thus be laminated with composite devices
as has been described above and the conductors thereof are
electrically connected by drilled and metal coated holes in
regions, where the copper foil have been etched away and the
metallization has been masked.

An example of the method according to the invention for the
preparation of circuit boards having a lateral conductive
pattern and shielded regions of the kind illustrated in Fig. 2
will now be described in more detail with reference to Figures 8
- 15. '

A laminate of a substrate 1 of 0.2 mm thick glass fibre
reinforced plastics is coated with 0.035 mm thick copper foil 4
on one side and is contour cut by means of laser, see Fig. 8.

A laminate cut in this way is laminated in a hydraulic press
provided with a suitable heating to a larger copper foil 11,
similarly having a thickness 0.035 mm. The same adhesive is used
as a bonding agent, see Fig. 9.

The substrate coated on both sides is then coated by dipping
in a photo resist. A pattern is exposed and is etched in the
copper foil 11, this pattern constituting signal conductors 2
and ground planes 3. At suitable places contact tabs or contact
tongues 5 project past the edge of the substrate 1, see Fig. 10.
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glass fibre reinforced plastics but not coated with a copper
foil on any of its sides is contour cut by means of laser. The
substrate 6 cut in this way is 0.5 to 1 mm larger than the first
intermediate product a, this dimension being chosen to have the
same order of magnitude as the thicknesses of the laminates in
order.to make the marginal portions of the sprayed metal layer
10 extend not perpendicularly to the surfaces of the laminates
and at a small angle of about 5 to 45 degrees, see Fig. 11.

The cut substrate 6 is laminated to a larger copper foil 7,
which thus will project past the edges of the substrate 6. The
thickness of the copper foil is as before 0.035 mm. The
projecting portion of the copper‘foil 7 méy then also have a
width of the same magnitude of order as the thickness of the
laminates, see Fig. 12.

The laminate 6, 7 formed in this way is coated with a photo
resist by dipping and is exposed and etched in order to form
windows 8, see Fig. 13.

The laminate prepared in this_Way constitutes a second
intermediate product b, compare Fig. 14.

The first and second intermediate products a, b are
adhesively bonded to each other in such a way that their
contours coincide in the desired way, see Fig. 14. The bonding
is accomplished in a heated hydraulic press.

The bonded product is flame sprayed with tin 10 on the side
opposite to the side having the windows 8 and the conductive
pattern, see Fig. 15, whereby the ground planes 4, S5 and 7 are
electrically connected. In this operation the contact tabs 5 of
the grounded frame 3 and the portion of the foil 7 projecting
past the substrate edge function to ensure a good electrical
contact with the metal layer 10. Before spraying of the metal
layer 10 it is important that the copper foil and the contact
tabs should have been cleaned from remaining adhesive. 4

In Figs. 16 and 17 two alternative methods of attaching the
metal caps 14 over the component mounting areas are illustrated,
which methods could also be used for the metal caps on the
bottom side of the finished circuit board. Thus in the
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away frdmugngh holes in the fletals caps 14 and the thickness of the

circuit board and the force from nuts 32 tightened on the bolts
31 presses the metal cap 14 onto the top copper foil 7. In the
alternative illustrated in Fig. 17 the metal cap 14 is pressed
to contact the copper foil 7 along the periphery thereof by a
bent metal wire 32 which is inserted through holes in the
thickness of the circuit board. An intermediate element 33 such
as a wedge shéped means may be used between the bent.element 32
and the top portion of the metal cap 14 to ensure a correct
pressing force.

The invention can be modified by anyone skilled in the art.
Thus for instance instead of localized contact tabs 5 projecting
from the outer margin of the conductive pattern the tabs can be
continuous and extend all the way along some or all of the edges
of the first substrate 1. Also, the projecting margin of the
conductive layer 7 on top of the second substrate 6 may not be
continuous and comprise tab portions, but this would reduce the
adhesive force of the metal layer 10.
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conductors (3) on one first side thereof is laminated, with said
first side having the conductive pattern to another laminate
comprising an isolating or dielectric second substrate (6) and a
second conductive layer such as a copper foil (7) arranged on
the first side of the second substrate (6), this first side
being turned away from the first laminate, that windows (8) or
through-holes are arranged through the thickness of the second
laminate, in order to enable mounting of components (12) to the
conductive pattern of the first laminate inside the windows (8)
or through-holes, and that another, third conductive layer (4,
10), such as a metal layer, is arranged to electrically connect
the ground conductors (3) of the conductive pattern and the
conductive layer (7) of the second laminate and to cover a
second side of the first laminate.

2. A circuit board according to claim 1, characterized in
that said windows (8) or through-holes are cut in the substrate
(6) of the second laminate and have been etched away from its
copper foil (7).

3. A circuit board according to one of claims 1 - 2,
characterized in that the third conductive layer (4, 10)
comprises a fourth conductive layer such as a, copper foil (4)
appiied only to the second side of the'sécond side of the first
laminate and a fifth conductive layer covering at least the
edges of the circuit board. ,

4., A circuit board according to one of claims 1 - 3,
characterized in that conductive caps (14, 26) such as metal
caps are soldered or clamped to the second conductive iéyer (7)
of the second laminate in order to cover the windows (8).

5. A circuit board according to one of claims 1 - 4,
characterized in that the ground conductors (3) of the -
conductive pattern of the first laminate comprise portions such
as contact tabs (5) projecting past the edge of the substrate
(1) of the first laminate in order to contact the third
conductive layer (4, 10) connecting the other conductive layer
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conduct i vehpateeondf Lamihhts snderder to contact the third conductive
layer (4, 10) connecting the other conductive layer and the
ground conductors (3) of the conductive pattern.

7. A circuit board according to one of claims 1 - 6,
characterized in that the second substrate (6) is slightly
larger than the first substrate (1) and that they are arranged
in relation to each other in such a way that a margin of the
second substrate (6) extends past the edge of the first
substrate (1) along the edges of the circuit board.

8. A circuit board according to claim 7, characterized in
that said margin has a width of about the same size as the
thickness of the substrates or more.

9, A circuit board according to one of claims 1 - 8,
characterized in that windows (20) or through-holes in the
first substrate are made, also passing through the fourth
conductive layer (4), if such a layer is arranged, and that
regions or areas (18) of the first conductive layer are left on
top of said windows (20) or through-holes, and that the third
conductive layer (4, 10), particularly the fifth conductive
layer {(10), when such a layer is arranged, connects electrically
the edges of the conductive layers inside said windows (20) or
through-holes and the regions or areas (18) to form grounded
areas inside the conductor pattern in the first conductive
layer.

10. A circuit board according to one of claims 1 - 9 having
bandshaped or stripshaped conductors (40) connecting one part of
the circuit board with another, characterized in that windows
(45) are made located adjacent to said bandshaped or stripshaped
conductors (40) through the first laminate and through the
substrate (6) of the second laminate and that the second
conductive layer (7) extends over these windows (45). -

11. A circuit board according to claim 10, characterized in
that over a considered length of said bandshaped or stripshaped
conductors (40) there is an edge either of the circuit board or
of said windows (45) made through the first laminate and through
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the substrate (6) of the second laminate on both sides of this
length, the distancé from the edge of the conductor (40) to the
edge of the circuit board or said windows (45) being

substantially constant and equal to each other over this
considered length.

12. A circuit board according to one of claims 1 - 11,
characterized in that the substrates (1, 6) are made from glass
fibre reinforced plastics.

13. A method for the manufacture of circuit boards having a
lateral conductive pattern and shielded regions, characterized
in _

that a first isolating or dielectric substrate (1) is given a
desired outer contour or profile,

that a first conductive layer comprising a conductor pattern
including signal conductors (2) and ground conductors (3) is
produced on a first side of the first substrate (1),

that a second isolating or dielectric substrate (6) is given
a desired outer contour or profile and windows (8) or apertures
are produced through the thickness of said substrate (6),

that a second conductive layer (7) is produced on a first
side of the second substrate (6),

whereafter windows are produced in the second conductive
layer (7) corresponding to said windows (8) or apertures in said
second substrate (6),

whereafter the second laminate formed in this way from the
sécond substrate (6) and the second conductive layer (7) is
placed on top of the first laminate in such a way that the
second conductive layer (7) of the second laminate is turned
away from the first laminate and the first conductive layer (11)
having the conductive pattern of the first laminate is engaged
with the other, second side of the second laminate and the two
laminates are attached to each other, and

that a third conductive layer (4, 10) is applied to that
second side of the first laminate, which is turned away from the
second laminate, and the edges or marginal portions of the two
laminates in order to electrically connect the ground conductors
(3) of the conductive pattern on the first laminate and the
second conductive layer (7) on the second substrate,

whereafter components (12) are mounted in the windows (8) or
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described in reference to the acconpanyﬂ Iﬁﬁ #whnd
whi ch Flgn@m m E‘:Jl li ve view of two | am nates ¢
circuit board i nventi on, Fig. 2is af {83 I

view of the finished circuit board, Fil. 3 is a cross sectiona w of
an alternative embodi ment of the finished circuit board, Fig. 4 |s a
Cross sect a@ayturedinf thBesbeBhahesminptat €d @héC@iﬁc@p@fﬁhtteranﬂ tlei S
a Cross sectlo al, view, of a connecting portion along the lines V-Vin Fig.
1, Fi g i§S% 130 P358 sectional view illustrating ground

14. A method according to claim 13, characterized in that the

first isolating or dielectric substrate (1) is on one of the
sides thereof coated with a fourth conductive layer (4), before
it is given the desired contour or profile.

15. A method according to claim 14, characterized in that the
third conductive layer (4, 10) comprises a fifth conductive
layer (10) applied at least to the marginal portions of that
second side of the first laminate, which is turned away from the
second laminate and thus has the fourth conductive layer (4).

16. A method according to one of claims 14 - 15,
characterized in that portions of the fourth conductive layer
(4) on the side opposite to the side having the conductive
pattern of the first laminate are etched away and are not
covered by any conductive coating in order to enable access to
the conductive pattern through the first laminate.

17. A method according to one of claims 13 - 16,
characterized in that the first conductive layer (11) is etched
to produce the conductive pattern including the signal
conductors (2) and ground conductors (3).

18. A method according to one of claims 13 - 17,
characterized in that said windows are etched in the second
conductive layer (7).

19. A method according to one of claims 13 - 18,
characterized in that the two laminates are adhesively bonded to
each other.

20. A method accoxrding to one of claims 13 - 19,
characterized in that on top of said windows (8) or apertures
metal caps (14, 26) are soldered or clamped to the second
conductive layer (7) of the second substrate (6).

21. A method according to one of claims 13 - 20,
characterized in that said third conductive layer (4, 10) is at
least partly applied by means of thermal spraying of a low-
melting metal such as tin or an alloy thereof. -

22. A method according to one of claims 13 - 21,
characterized in that windows (20) or apertures are also made in
the first substrate (1) where these windows or apertures are
protected from obtaining any conductive layer on the other,
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dielectric first, uhsdtmice abdoraimawmt owieil @l mi 22, characterized in that

portions, corresponding to said windows or apertures in the

first substrate, of a fourth conductive layer (4) on the side
opposite to the side having the conductive pattern of the first
laminate are etched away and masked against any conductive
coating.

24. A method according to one of claims 13 - 23,
characterized in that other circuit pattern boards are laminated
to the first laminate and that holes drilled and coated with a
conductive layer to connect conductors of the other circuit
pattern boards to the circuit pattern on the first laminate.

25. A method for the manufacture of circuit boards having a
lateral conductive pattern and shielded regions, characterized
in

that a first isolating or dielectric substrate (1), which on
one of the sides thereof may be coated with a conductive layer
(4) such as a first copper foil, is cut to give the first
substrate (1), together with the possible conductive layer (4},
a desired outer contour or profile,

whereafter another, first conductive layer (11) such as a
first copper foil is applied to, for instance laminated to, the
other, first side of the first substrate (1) to entirely cover
said first side and

the first conductive layer (11) is etched to produce a
conductive pattern comprising signal conductors (2) and ground
conductors (3) on the first side of the first substrate (1) and

that a second isolating or dielectric substrate (6) is cut to
give it a desired outer contour or profile and windows (8) or
apertures through the thickness of said substrate (6) and that
it is coated with, for instance laminated to, a second
conductive layer (7), such as a second copper foil, on one of
its sides, the first thereof,

whereafter windows are etched in the second conductive layer
(7) corresponding to said windows (8) or apertures cut in said
second substrate (6),

whereafter the second laminate formed in this way from the

second substrate (6) and the second conductive layer (7) is
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pattern i s tocat !!Hw Bﬂ Il“e pattern is etched from MS%llgetﬁ&lﬂcgnReplaced.
| ayer | ocated on an to one side of the substrate []Imglﬂ ﬁm}H"
copper foil adhesively bonded to-said suBdtrate, and it co

conductors 2 for signals and ground conductors 3. The ground conductors 3,
may as ispshewd oh tbp bEgtke, fbﬁstomﬁﬁdaﬁé ihesuett g nedy pordt orheof t he

bstrate 1 d f
conduct or §e5ent 8opahakeye LA Sy PLPLSF L LECHE Sk 4 eﬁmf?%u
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connected to
with the ot er, second side of the second laminate and the two

laminates are adhesively bonded to each other, and
that a conductive layer (10) such as a metal layer is applied

to at least the marginal portions of that second side of the
first laminate, which is turned away from the second laminate
and thus may have a conductive layer (4), and the edges or
marginal portions of the two laminates in order to electrically
connect the said side of the first laminate, ground conductors
(3) of the conductive pattern on the first laminate and the
third conductive layer (7) on the second substrate,

whereafter components (12) are mounted in the windows (8) or
apertures in the second laminate to the circuit pattern of the
first laminate.
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A circuit board havifg a lateral conductive pattern and shielded

regions as well as a method of manufacturing such a board
Abstract

A circuit board with a lateral conductive pattern and shielded
regions comprises a first contour cut laminate of a substrate
(1) having a conductive pattern of signal conductors (2) and
ground conductors (3) on one side and a copper.foil (4) on the
other side, covering the entire side. This laminate is laminated
with the side provided with the conductive pattern to a second
laminate also comprising a contour cut substrate (6) and a
copper foil (7) provided on the substrate on the side opposite
to the first laminate. Windows (8) are cut in the substrate of
the second laminate and are etched away in the top copper foil
(7) to enable mounting of components to the conductive pattern
in the windows. A metal layer (10) is provided to electrically
connect said foil (4) covering the entire other side of the
first laminate with the ground conductors (3} of the conductive
pattern and the foil (7) of the second laminate. In a method of
manufacturing such a circuit board a first laminate of a
substrate (1), covered on one side by a copper foil (4), is
contour cut whereafter a second entirely covering copper foil is
laminated to the second side of the substrate (1), and a
conductive pattern of signal conductors (2) and ground
conductors (3) is etched in the second copper foil. The second
substrate (6) is also contour cut and is laminated to a copper
foil (7), whereafter a window is etched in the copper foil,
corresponding to the window (8) cut in the substrate (6). The
second laminate thus formed is adjusted in regard of the pattern
to the first laminate and is adhesively secured thereto, the
side of the second laminate covered by the copper foil (7)
turned away from the side of the first laminate provided with
the conductive pattern. A metal layer (10) is thereafter applied
to the surface of the first laminate facing away from the side
having the conductive pattern and the lateral edges to
electrically connect said surface, the ground conductors of the
conductive pattern and the foil (7) on the second substrate,
whereafter components are mounted in the windows (8) in the

’

second laminate to the conductive pattern.

Figure 2
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The present invention relates to. a circuit board having a

lateral conductive pattern and shielded regions as well as a

method of manufacturing such a board.

Background of the invention )

In electronic equipment for high frequencies and data signals
having short transient times one portion in electronic equipment
may interfere with the operation of other portions by thé fact
that the electromagnetical field will transfer signals over
dielectric distances by induction. Such crosstalk will usually
be dealt with by having the various portions of the equipment
built into metal casings, which are electrically grounded and in
the walls of which the electric field igé shért circuited, i.e.
the casings will constitute shielded casings. The various
portions are interconnected by coaxial cables. The signal being

‘transferred on the coaxial cable may be purged from undesirable

frequencies by means of special filters. The disadvantages of
such shielded casings are partly that they are relatively
costly, partly they are spaceconsuming. Another problem is that
it is often difficult to provide sufficiently
electromagnetically closed shields between the various portions
of the electronic equipment in the case where one wants to
integrate it on one single circuit board.

In conventional pattern boards often regions of the circuit
board are surrounded by an etched and grounded frame
incorporated in and surrounding the rest of the conductive
pattern and further a ground plane is attached to the opposite
side of the circuit pattern board. By soldering a metal shield
on said grounded frame a region, which is fairly well but not
completely shielded, is obtained. The problem in this case is
that the electromagnetic radiation will leak laterally between
the grounded frame and the ground plane in the laminate thus
formed. This radiation can be partly confined by having holes ~
drilled and metallized, which connect the ground plane and the
grounded frame. The radiation leakage, however, may only be
restricted in a certain amount in this way, since said holes
cannot be located too clesely to each other since this would
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narrow portion, where elongated, band or strip shaped signal paths 40
the signal conductors 2 are encl osed by the adhesively ; t 1,
6 which constitute a dielectric, which in turn is encl ¢SEd: WW?US}?%
pl anes 7, 4, which in turn are connected to each other by the t] gyer 10,
as has been nentioned above, conpare Fig. 5. In this cé;se tv'h\eM?\Yaﬁ atjhs
40 may be surrounded at their longitudinal, |ateral edges$ by portions 41
42 of the tin layer 10. In order to acconplish this el gngated w ndows 43 or

apertures are arranged having their |ongjtudi nal edges iat_.a.suitabl.e—--
di stance fromthe signal paths, at both of the edges of the signal paths 40

or at only opg 43 Oinekﬁ%fcangeﬁkeﬂmgt b@ awqgmﬁﬂa@e 44»rb§uéﬁfgat ed at the
same swtable%llstac { E Qf A Ult cosg trhese W ndows
bei ng made Bot ss eﬁd‘t’ﬁ gf‘% ﬁ’d lsﬁ f'rhe sug Hate %Y
constitutes a source of errors. Said method is partxcularly
unsuitable for circuit boards intended for cheap and little
space consuming surface_mounting where holes are not required
for the attachment of component legs but only as a connection
between various conductive layers.
Prior Art
From the European patents 0 288 767 and 0 337 331 and the
U.S. patent 4 673 904 it is previously known to prepare
conductive patterns, where-the conductors on all sides are
enclosed by dielectrics and ground planes. The disadvantage of
these prior methods is that a multitude of selective metal
patterns and isolation patterns must be applied to.a substrate

in several sequential procedural steps what makes these methods
complicated and the risk of having a bad manufacturing output is
obvious. Another problem of this technigque is that it is based
on a deposition of metal on the substrate surface and that such
deposited metal layers present a bad ductility. Further, this
method is not compatible with what is generally established
within the technigque of manufacturing etched circuit pattern
boards.

Summary of the invention

The purpose of the present invention is to provide a new and
gignificantly simpler method for removing the disadvantages
discussed above in the technique known up to this date, wherein
conductive patterns are produced by etching a metal foil
adhesively bonded to the substrate according to the established
method of circuit pattern board manufacture and wherein in many
cases rolled metal foil can be used which will produce a certain
stretchability and flexibility in the manufactured card.

This purpose is achieved with a circuit board and a method of
the kind indicated above having the characteristics set out in
the appended claims. .

Thus a circuit board having a lateral conductive pattern and
shielded regions is provided comprising a first laminate of a
substrate having a conductive pattern of signal conductors and
ground conductors on one side and optionally an entirely
covering copper foil on the other side, this first laminate
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being laminated with the side having a conductive pattern to
another second laminate comprising a second substrate and a
copper foil arranged on the side facing away from the first
laminate, windows or apertures being cut in the substrate of the
.second laminate and etched away from its copper foil
respectively in order to enable mounting of components to the
conductive pattern .inside the windows, and that a metal layer is
arranged to electrically connect the optional, entirely covering
foil of the first laminate with the ground conductors of the
conductive pattern and the foil of the second laminate and also
to cover the whole side of the First laminate where the optional
entirely covering copper foil may be located, at least when such
an optional copper foil is not arranged on this side.

According to advantageous embodiments of the circuit board of
the invention the ground conductors of the conductive pattern
are prepared with protruding portions such as contact tabs
projecting past the edge of the substrate and the copper foil of
the second laminate may likewise project past the second
substrate edge in order to make a good contact with the metal
layer connecting the ground planes of the board.

The method for the manufacture of the circuit boards thus
comprises the following steps:

that a first isolating or dielectric substrate, which on one
of the sides thereof may be coated with a conductive layer, such
as a first copper foil, is cut, for instance by means of a laser
beam or a water jet, to give the first substrate, together with
the possible conductive layer, a desired outer contour or
profile, .

whereafter another, first conductive layer, such as a first
copper foil, is applied to, for instance laminated to, the
othexr, first side of the first substrate to entirely cover said
first side and

the first conductive layer is etched to produce a conductive
pattern comprising signal conductors and ground conductors on
the first side of the first substrate and ’

that a second isolating or dielectric substrate is cut to
give it a desired outer contour or profile and windows or
apertures through the thickness of said substrate and that it is
coated with, for instance laminated to, a second conductive
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constant inpedance along their |engths between or

i n paf )
w ndows 45. Inside the windows 45 the tin netal |ayer ﬁ#ﬁ$$fmgﬁﬁfgﬂﬁ

| eft portions of the top copper foil 7. Also the edge p ile of Ehe

finished circuit board may have the same steplike shape a bid B 1tbed
instance in Fig. 2, the edge of the second substrate 6
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rpj ecti ng past it he
edge of the first lamnate inside the w ndows. If a éréctrlcally
grounded surface 18 is desired inside the grounded framg_3 and withip-thd
signal conductor pattern 2 a hole 20 is surface cut by neans of |laser or a

\Q/a]ger Jﬁ] haybpe éaérﬁtasfsubﬁ&é&hectéppértézthf IJ;,$ FLagz't E%E&:lcﬁcﬁﬁt Ehg. ?i
efore e lampnation o r.st .co or e conductor pattern
and t he cofl 44 Qv rl“ ? g%fk?ﬁefbdggoﬁfco per foil 4 on this_ first

respo
substrate are E’E‘%’F&Q}g}’ﬁﬁaymdﬁfﬁ‘ a5ppeFeles fn th‘2 RRFEPF (REductive layer

corresponding to said windows or apertures cut in salg second
substrate, '
whereafter the second laminate formed in this way from the
second substrate and the second conductive layer is placed on
top of the first laminate in such a way that the second
conductive layer of the second laminate is turned away from the

£irst laminate and the first conductive layer having the

conductive pattern of the first laminate is engaged with the

other, second side of the second laminate and the two laminates

are intimate attached to each other, for instance adhesively
bonded to each other, and )

that a conductive

layer such as a metal layer is applied to
at least the marginal

portions of that second side of the first
laminate, which is turned away from the second -laminate and thus
may have a conductive layer, and the edges or marginal portions
of the two laminates in order to electrically connect the said
side of the first laminate, ground conductors of the conductive
pattern on the first laminate and the third conductive layer on
the second substrate, the application of this conductive metal
layer being at least partly accomplished by means of thermal
spraying of a low-melting metal, for instance tin or an alloy
thereof, )

whereafter components are mounted in the windows or apertures

in the second laminate to the circuit pattern of the first

; laminate. ;

’ According an advantageous embodiment of the invention metal
caps are provided over the windows of one of the laminates, said
metal caps being soldered or clamped firmly against the copper

foil of the substrate in order to shield the window regjons.
According to another advantageous embodiment of the invention

portions of the optional copper foil of the side of the first

laminate, which is opposite to the side having the conductive

pattern, are etched away and masked against wetal coating in

order to enable access to the conductive pattern frém this side.
Short description of the fiqures

Embodiments of the invention will now by way of example be
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conductive pattern is etched, will then cover the hole 20 and the thermally

sprayed tin layer 10 will connect the ground planes 7
illustrated in Fig. 6. The net hod descri bed abovenﬁgﬁgﬂ6EgEﬁ€

ﬁgﬁ

conductive layers. |If several conductive planes or intlejsections are
required this is suitably acconplished by nmeans of scrhe¢n i MAY 4996
el ectrically vsuLatlLng printing of/isolating and condyctiing m xtures fof

artificial resins or plastics, so called polynmer thick f4+mtectmrque.
a nethod for the manufacture of thin conki nuous substriate strips is

described in the Swedi sh Patent 455 148, which is incorporated herern as a
reference. gescdi¥ed ARPREd Udtad i Wpieh ﬂ&)ér@ﬁc@rﬁoaﬁﬂédaﬁbmfpﬁﬂy%dﬂe opposite

t he side having,the CIrCUlt pattern of the substrate 1 of the
drawings, in wh

Fig. 1 is a perspective view of two laminates comprlsed in

the circuit board according to the lnventlon,

Fig. 2 is a cross sectional view of the finished circuit

board,

Fig. 3 is a cross sectional view of an alternative embodiment

of the finished circuit board,

Fig. 4 is a cross sectional view of the finished, mounted

circuit board,

. Fig. 5 is a cross sectional view of a connecting portion

along the lines V-V in Fig. 1,

Fig. 6 is a cross sectional view illustrating ground
connection in a component mounting region,

Fig. 7 is a cross sectional view of an embodiment of a
multilayer board and two laminates,

Figures 8 to 13 illustrate different steps in the preparation

of the two laminates,

Figures 14 and 15 illustrate the assembly of the laminates

and the final metallization step and

Figures 16 and 17 illustrate alternative methods of attaching

metal caps.
Description of preferred.embodiments

In the figures the thicknesses illustrated of the substrates

and the foils are highly exaggerated in order to clarify the

invention. .

In Fig. 1 a dielectric first substrate 1 is shown which is
contour cut by laser or a water jet and on which a conductive

circuit pattern is located. The -conductive pattern is etched

from a conductive layer located on and attached to one side of
the substrate 1, such as a copper foil adhesively bonded to-said
substrate, and it comprises conductors 2 for signals and ground

conductors 3. The ground conductors 3, may as is shown in the
Figure, be located at the marginal portion of the substrate 1,

in order to form a grounded frame surrounding the signal

-

conductors 2. The conductive pattern 2, 3 may suitably be etched
through a resist mask in the conventional way. From the ground

conductors 3 contact tabs 5 project past the edge of substrate

1, these contact tabs being connected to or being part of the



first lam nate can be etched and masked agai nst netal li 0] A OB QT A [ I

provi de access to the circuit also fromthis side. Such ﬁA§5¥ﬁ§JdS q?be
shielded by electrically closed netal caps 26, as is illjugtrated in Fig{ ¥
wherein an enbodinent is illustrated consisting of two |jani MaLassY ©@96bi hed
with a nultilayer board 22 |ocated on top of the above nentioned conduc{iye
pattern conprising the signal and ground conductors 2, 3 She-contacting of
t he conductive planes incorporated in the nmultilayer boayd and the
conductors 2, which have been etched on the substrate 1, 1Ts acconplished by
means of netallized holes 24. In this case the netal |ayer 10 on the hottom

and edges of the.cir ui% bo%rd and the netal |ayer inside
ground conductors 3.

Preferably another conductive metal layer such as a copper
foil 4 is adhesively bonded to the other side of the substrate 1
and covers the entire surface of this other side.

A second laminate comprises a second substrate 6, which is
cut by laser or a water-jet and on which a metal layer such as a
coppef foil 7 is adhesively bonded or otherwise attached. The
copper foil 7 extends past the edges of the substrate 6 to form
a free copper marginal portion and portions. of the copper foil 7
are etched away on locations corresponding to the windows 8 cut
in the substrate 6 to form windows or apertures passing through
the thickness of the second laminate.

In Fig. 2 the two laminates of Fig. 1 are illustrated
adhesively or otherwise bonded to each other in such a way that
their patterns fit together, that is the circuit pattern 2, 3 of
the first laminate is positioned correctly with respect to the
windows 8 in the second laminate. They are arranged with the
side of the substrate 1 having the circuit pattern brought into
engagement with the surface of the second substrate 6 which is
not coated with a metal foil. On the side, which is opposite to
the windows 8, of the composite laminate illustrated in Fig. 2,
a conductive layer is applied, preferably a layer 10 of tin or
an alloy thereof, which is thermally sprayed such as by means of
flame spraying and it will electrically connect the portions
which are intended to be connected to a reference or ground
potential, i.e. the entirely covering foil 4 on the other,
second side of the first laminate, the tabs 5 extending from the
grounded conductor frame 3 and the metal foil 7 bonded to the
outer side of the second laminate. The bottom conductive layer 4
could in some cases be omitted but is generally preferred since
it will ensure a could adhesion between the bottom of the
completed circuit board and the thermally sprayed metal layer
10. Also, for an easy épplication the metal layer 10 covers all
of the bottom surface of the composite board, but this is
generally not.required for the electrical shielding. The metal-
layer may thus, as is illustrated in Fig. 3, cover only the edge
regions of the completed board, also in order to perform the
electrical connection mentioned above.

The two laminates illustrated in Fig. 1 are in the composite
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SEP 1997 9 and at top and
t hrough- hol es may advant ageously be prepared at the sane @H@E
plating, as is conventionally used in netallization of t

mul tilayer circuit pattern boards. The mul til ayer bod
according to conventi onal

7
unit of Figs. 2 and 3 fitted to each other in such a way that
the inner edge of the windows 8 will enclose component mounting
regions of the side having the conductive pattern of the
substrate 1. _

At the locations where the second substrate 6 and the copper
foil 7 of the second léminate cover the circuit pattern of the
first laminate thus the circuit pattern will. be enclosed between
two ground planes 4, 7.

In the windows cut in the substrate 6 and in the copper foil
7 of the second laminate electronic components 12 such as
capacitors are intended to be mounted to the conductive pattern
2 on the imner side of the first laminate by means of surface
mounting technique, see Fig. 4. After the component mounting
these regions will be shielded@ by soldering a pressed metal cap,
at 16, to the copper foil 7 on.top. of the second laminate, in
such a way that the cap 14 will cover all of the window 8.
Instead of soldering the cap 14 can be clamped or otherwise
attached and electrically connected to the metal foil 7 covering
the outer surface of the second laminate as will be further
illustrated hereinafter.

The regions for component mounting may be connected through
portions, as is illustrated in Fig. 1 in the centrally located
narrow portion, where elongated, band or strip shaped signal
paths 40 of the signal conductors 2 are enclosed by the
adhesively bonded substrates 1, 6 which constitute a dielectric,
which in turn is enclosed by the ground planes 7, 4, which in
turn are connected to each other by the tin layer 10, as has
been mentioned above, compare Fig. 5. In this case the signal
paths 40 may be surrounded at their longitudinal, lateral edges
by portions 41, 42 of the tin layer 10. In order to accomplish
this elongated windows 45 or apertures are arranged having their
longitudinal edges at a suitable distance from the signal paths,
at both of the edges of the signal paths 40 or at only one 43 of
their edges, if the other edge 44 is located at the same
suitable distance from the edge of the circuit board, these ~
windows being made both in first laminate and in the substrate 6
of -the second laminate, leaving the copper foil on the second
substrate 6 to cover these windows. In this way the signal paths
will be effectively shielded, also from each other with a



circuit board technique and the other |am nates are prepared as has been

descri bed above. The lam nates are drilled and the h {
according to prior nultilayer board nethods wherein tREPL§GﬁM§@T

ground plane 4 of the lower lam nate of Fig. 7, wherd tthe coated hol
wi |l be produced, is etched away and the hole 24 is cornepﬁeﬁﬁfﬂ96he
conductors of the nultilayer board 20. The ground plangs 4, 7 are co

D
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Nt

t hrough a sinmultaneously deposited netal |ayer 10, as las—atready been
mentioned. In this enmbodi ment shield capss 14, 26 are inounted at_the gr

?4
gnal
hct ed

bund

planes 7, 10 by means of soldering joints 16 and 28 réspectively in order
to shield tr&r@t&ﬁulimp%@eﬁeeca)m{gettﬁbyr lengtlisl BetieddOdE dfn GRRaliDEE be
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conductors t ere

10 will contact those left portions of the top copper foil 7.
Also the edge profile of the finished circuit board may have the
same steplike shape as illustrated for instance in Fig. 2, the
edge of the second substrate 6 projecting past the edge of the
first laminate inside the windows.

If an electrically grounded surface 18 is desired inside the
grounded frame 3 and within the signal conductor pattern 2 a
hole 20 is surface cut by means of laser or a water jet in the
first substrate 1 of the first laminate, see Fig. 6, before the
lamination of the first copper foil for the conductor pattern,
and the corresponding parts of the bottom copper foil 4 on this
first substrate are etched away. The copper foil, in which the
conductive pattern is etched, will then cover the hole 20 and
the thermally sprayed tin layer 10 will connect the ground ‘
planes 7, 18, and 4, as is illustrated in Fig. 6.

The method described above is suited for single conductive
layers. If several conductive planes or intersections are
required this is suitably accomplished by means of screen
printing of isolating and conducting mixtures of artificial
resins or plastics, so called polymer thick film technique. Such
a method for the manufacture of thin continuous substrate strips
is described in the Swedish Patent 455 148, which is
incorporated herein as a reference.

The copper foil 4 which may be arranged on the side opposite
the side having the circuit pattern of the substrate 1 of the
first laminate can be etched and masked against metallization in
order to provide access to the circuit also from this side. Such
regions may then be shielded by electricadlly closed metal caps
26, as is illustrated in Fig. 7, wherein an embodiment is
illustrated consisting of two laminates, combined with a
multilayer board 22 located on top of the above mentioned
conductive pattern comprising the signal and ground conductors
2, 3. The contacting of the conductive planes incorporated in~
the multilayer board and the conductors 2, which have been
etched on the substrate 1, is accomplished by means of
metallized holes 24. In this case the metal layer 10 on the
bottom and edges of the circuit board and the metal layer inside
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el ectrically connected by drilled and netal coated holes in RHgLi
the copper foil have been etched away and the netallizati on| has-
masked. An exanpl e of the method according to the inventifon for the
preparation of circuit boards having a |lateral conductive atte?ﬁi*&ﬁﬁ@%
shielded regions of the kind illustrated in Fig. 2 will now he _described i
nore detail with reference to Figures 8 -_ 15. A | am nafe of a substratle
1 of 0.2 nmthick glass fibre reinforced 9p|astics is coate ' Q35_mm
t hi ck copper_foil 4 on an Lde and is _contour cut b ans of | aser, se€
g a° PP ang’ plofo it BpEEAR G Shbapraisne et ot RO TGPRIFEE, B ccs
provi ded wi tArepagafitathithehsane rigineo by hevragerrlabppes asoils dmvestipnakly
havi ng a t hivdeaess' m&c35 z88kor] Nir TAFBugENasicée ih Smilkellayer circuit
pattern boards.

The multilayer board 22 is prepared according to conventional
circuit board technigque and the other laminates are prepared as
has been described above. The laminates are drilled and the
holes are coated according to prior multilayer board methods
wherein the regions of the ground plane 4 of the lower laminate
of Fig. 7, where the coated hole 24 will be produced, is etched
away and the hole 24 is connected to the signal conductors of
the multilayer board 20. The ground planes 4, 7 are contacted
through a simultaneocusly deposited metal layer 10, as has
already been mentioned. In this embodiment shield caps 14, 26
are mounted at the ground planes 7, 10 by means of solderxing
joints 16 and 28 respectively in order to shield the circuit
space completely.

Circuit boards can thus be laminated with composite devices
as has been described above and the conductors thereof are
electrically connected by drilled and metal coated holes in
regions, where the copper foil have been etched away and the
metallization has been masked.

An example of the method according to the invention for the
preparation of circuit boards having a lateral conductive
pattern and shielded regions of the kind illustrated in Fig. 2
will now be described in more detail with reference to Figures 8
- 15. '

A laminate of a substrate 1 of 0.2 mm thick glass fibre
reinforced plastics is coated with 0.035 mm thick copper foil-4
on one side and is contour cut by means of. laser, see Fig. 8.

A laminate cut in this way is laminated in a hydraulic press
provided with a suitable heating to a larger copper foil 11,
similarly having a thickness 0.035 mm. The same adhesive is used
as a bonding agent, see Fig. 9.

The substrate coated on both sides is then coated by dipping
in a photo resist. A pattefn is exposed and is etched in the
copper foil 11, this pattern constituting signal conductors 2
and ground planes 3. At suitable places contact tabs or contact
tongues S5 project past the edge of the substrate 1, see Fig. 10.
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as a bondi ng agent, see Fig. 9. The substrate coated on_hoth sides s

then coated by dipping in a photo resist. A patternis exﬂ@@é@@%MEﬂ?SHEET
etched in the copper foil 11, this pattern constituting s &t bUHUUbLur

and ground planes 3. At suitable places contact tabs or cnntagL.%qpq&ﬁf g
proj ect past the edge of the substrate 1, see Fig. 10 o U RA
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The laminate a prepared in this way according to Figs. 8 - 10
constitutes a first intermediate product, compare Fig. 14.

The second substrate 6, similarly consisting of 0.2 mm thick
glass fibre reinforced plastics but not coated with a copper
foil on any of its sides is contour cut by means of laser. The
substrate 6 cut in-this'way is 0.5 to 1 mm larger than the first
intermediate product a, this dimension being chosen to have the
same order of magnitude as the thicknesses of the laminates in
order.to make the marginal portions of the.sprayed metal layer
10 extend not perpendicularly to the surfaces of the laminates
and at a small angle of about 5 to 45 degrees, see Fig. 11.

The cut substrate 6 is laminated to a larger copper foil 7,
which thus will project past the edges of the substrate 6. The
thickness of the copper foil is as before 0.035 mm. The
projecting portion of the copper f01l 7 may then also have a
width of the same magnitude of order as the thickness of the
laminates, see Fig. 12.

The laminate 6, 7 formed in this way is coated with a photo
resist by dipping and is exposed and etched in order to form
windows 8, see Fig. 13.

The laminate prepared in this way constitutes a second
intermediate product b, compare Fig. 14.

The first and second intermediate products a, b are
adhesively bonded to each other in such a way that their
contours coincide in the desired way, see Fig. 14. The bonding
is accomplished in a heated hydraulic press.

The bonded product is flame sprayed with tin 10 on the side
opposite to the side having the windows 8 and the conductive
pattern, see Fig. 15, whereby the ground planes 4, 5 and 7 are
electrically connected. In this operation the contact tabs 5 of
the grounded frame 3 and the portion of the foil 7 projecting
past the substrate edge function to ensure a good electrical
contact with the metal layer 10. Before spraying of the metal
layer 10 it is important that the copper foil and the contact
tabs should have been cleaned from remaining adhesive. -

"In Figs. 16 and 17 two alternative methods of attaching the
metal caps 14 over the component mounting areas are illustrated,
which methods could also be used for the metal caps on the
bottom side of the finished circuit board. Thus in the
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constitutes a first internedi ate product, conpare Fig. . Y
substrate 6, simlarly consisting of 0.2 mmthick gl asj 'Lﬁcﬁwﬂdwifﬁ

pl astics but not coated with. a copper foil on any of ijt$ sides is conto
cut by means of |aser. The substrate 6 cut in this way
| arger than the first internediate product a, this di ngngion being ch

to have the sane order of magnitude as the thicknessesjof tThe [ am nates
order.to nake the margi nal portions of the-sprayed netdl | ayer 10 exten

The lam nate a prepared in this way according to Figs. 8 - 10 -
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not perpendicularly to the surfaces of the | am nates

construction illustrated in Fig. 16 bolts 31 are inserted
through holes in the metals caps 14 and the thickness of the

circuit board and the force from nuts 32 tightened on the bolts

31 presses the metal cap 14 onto the top copper foil 7. In the
alternative illustrated in Fig. 17 the metal cap 14 is pressed
to contact the copper foil 7 along the periphery thereof by a

bent metal wire 32 which is inserted through holes in the

thickness of the circuit board. An intermediate element 33 such
as a wedge shaped means may be used between the bent.element 32

and the top portion of the metal cap 14 to ensure a correct
pressing force. '

The invention can be modified by anyone skilled in the art.

Thus for instance instead of localized contact tabs 5 projecting

from the outer margin of the conductive pattern the tabs can be

continuous and extend all the way along some or all of the edges

of the first substrate 1. Also, the projecting margin of the

conductive layer 7 on top of the second substrate 6 may not be

continuous and comprise tab portions, but this would reduce the

adhesive force of the metal layer 10.

e



and at a small angle of about 5 to 45 degrees, see Fig. 11. The cut
substrate 6 is |aninarpd,tn a larger copper foil 7, whignit i | ect
SHEET

past the edges of The t hi ckness of t hek ] “las
before 0.035 mm Bﬂu E tlon of the copper fojl 7 may t henjaljso

have a w dth of the* of order as the thitkhe38 MAY 19R6

| am nates, see Fig. 12. The lamnate 6, 7 formed inp fhis way is c¢ated
with a photo resist by dipping and is exposed and etched i n Order to 1ofgm
wi ndows 8, see Fig. 13. The | am nate_prepared in tEis way. constitutes a
second internedi ate product b, conpare ??g. 14. The first and second

I nternedi ate products a, b are adhesively bonded to each other in such a
way that theirSlains

1. A circuit board having a lateral conductive pattern and
shielded regions, characterized in that a first laminate
comprising an isolating or dielectric first substrate (1) having
a conductive pattern of signal conductors (2) and ground
conductors- {3) on one first side thereof is laminated, with said
first side having the conductive pattern to another laminate
comprising an isolating or dielectric second substrate (6) and a
second conductive layer such as a copper foil (7) arranged on
the first side of the second. substrate (8), this first side
being turned away from the first laminate, that windows (8) or
through-holes are arranged through the thickness of the second
laminate, in order to enable mounting of components (12) to the
conductive pattern of the first laminate inside the windows (8)
or through~holes, and that another, third conductive layer (4,
10), such as a metal layer, is arranged to electrically connect
the ground conductors (3) of the conductive pattern and the
conductive layer (7) of the second laminate and to cover a
second side of the first laminate.

2. A circuit board according to claim 1, characterized in
that said windows (8) or through-holes are cut in the substrate
(6) of the second laminate and have been etched away from its
copper foil (7).

3. A circuit board according to one of claims 1 - 2,
characterized in that the third conductive layexr (4, 10)
comprlses a fourth conductive layer such as a, copper foil (4)
applled only to ‘the second side of the second side of the first
laminate and a fifth conductive layer covering at least the
edges of the circuit board,

4. A circuit board according to one of claims 1 - 3,
characterized in that conductive caps (14, 26) such as metal
caps are soldered 6r clamped to the second conductive layexr (7)
of the second laminate in order to cover the windows (8).

5. A circuit board according to one of claims 1 - 4,
characterized in that the ground conductors (3) of the -
conductive pattern of the first laminate comprise portions such
as contact tabs (5) projecting past the edge of the substrate
(1) of the first laminate in order to contact the third
conductive layver (4, 10) connecting the other conductive layer
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contours coincide in the desired way, see Fig. 14. The bqnding is
acconpl i shed i n a-heatedhydraut+c—press. The bonded yERT
sprayed with tin 10 site to the side hav % qﬂﬁ%@ﬁﬂhé&@ﬂ?
and the conductive pmﬂ“m mmﬂﬂm 15, whereby the grofn }%I anes 4, 5 land
7 are electrically cdnnect!ed It this operation the contfct t»abﬁ—‘%“%otre
grounded franme 3 and the portion of the foil 7 pr.ojectinf past the
substrate edge function to ensure a good electrical contact wth the metal
| ayer 10. Before spraying of the netal l?é 10 it is important that the
copper foil and the cont act t abs shoul d ve been cl eaned from renai ni ng
adhesi ve. - n Figs. ternati e net hods, of attaching the
netal caps 1?“’0\7%‘? ?’ﬁ‘g"@o %‘é‘%t Ejﬁj ‘#g 58" ‘?Ctllvlel 33??%&"6@ whi ch
met hods coul d alﬁsoAb‘equsJeﬁ poard hecording dwponenof laims 1 - 5,

characterized in that the second conductive layer (7} of the

second laminate (6) projects past the edge of the substrate of
the second laminate in order to contact the third conductive
layer (4, 10) connecting the other conductive layer and the
ground conductors (3) of the conductive pattern.

7. A circuit board according to one of claims 1 -~ 6,
characterized in that the second substrate (6) is slightly
larger than the first substrate (1) and that they are arranged
in relation to each other in such a way that a margin of the
second substrate (6) extends past the edge of the first
substrate (1) along the edges of the circuit board.

8. A circuit board according to claim 7, characterized in
that said margin has a width of about the same size as the
thickness of the substrates or more.

9. A circuit board according to one of claims 1 - 8,
characterized in that windows (20) or through-holes in the
first substrate are made, also passing through the fourth
conductive layer (4), if such .a layer is arranged, and that
regions or areas (18) of the first conductive layer are left on
top of said windows (20) or through-holes, and that the third
conductive layer (4, 10), particularly the fifth conductive
layer (10), when such a layer is arranged, connects electrically
the edges of the conductive layers inside said windows (20) or
through-holes and the regions or areas (18) to form grounded
areas inside the conductor pattern in the first conductive
layer.

10. A circuit board according to one of claims 1 - 9 having
bandshaped or stripshaped conductors (40)  connecting one part of
the circuit board with another, characterized in that windows
(45) are made located adjacent to said bandshaped or stripshaped
conductors (40) through the first laminate and through the
substrate (6) of the second laminate and that the second
conductive layer (7) extends over these windows (45). : -

11. A circuit board according to claim 10, characterized in
that over a considerea length of said bandshaped or stripshaped
conductors (40) there is an edge either of the circuit board or
of said windows {45) made through the first laminate and through
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bottom side of the finished circui board. Thus in the T
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the substrate (6) of the second laminate on both sides of this
length, the distance from the edge of the conductor (40) to the
edge of the circuit board or said windows (45) being
substantially constant and equal to each other over this
considered length. _

12. A circuit board according to one of claims 1 - 11,
characterized in that the substrates (1, 6) are made from glass
fibre reinforced plastics.

13. A method for the manufacture of circuit boards having a
lateral conductive pattern and shielded regions, characterized
in ' . )

that a first isolating or dielectric substrate (1) is given a
desired outer contour or profile,

that a first conductive layer comprising a conductor pattern
including signal conductors (2) and ground conductors (3) is
produced on a first side of the first substrate (1),

that a second isolating or dielectric substrate (6) is given
a desired outer contour or profile and windows (8) or apertures
are produced through the thickness of said substrate (6),

that a second conductive layer (7) is produced on a first
side of the second substrate (6),

whereafter windows are produced in the second conductive
layer (7) corresponding to said windows (8) or apertures in said
second substrate (6),

whereafter the second laminate formed in this way from the
sécond substrate (6) and the second conductive layer (7) is
placed on top of the first laminate in such a way that the
second conductive layer (7) of the second laminate is turned
away from the first laminate and the first conductive layer (11)
having the conductive pattern of the first laminate is engaged
with the other, second side of the second laminate and the two
laminates are attached to each other, and

that a third conductive layer (4, 10) is applied to that
second side of the first laminate, which is turned away from the

-second laminate, and the edges or marginal portions of the two

laminates in order to electrically connect the ground conductors
(3) of the conductive pattern on the first laminate and the
second conductive layer (7) on the second substrate,

whereafter components (12) are mounted in the windows (8) or
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construction iIIustrated in Fiqk 16 bolts 31 are inserted
[14 onto the

the netals caps 14 of the circuit board
fromnuts 32 tight el@ H ﬂ 31 presses the netal c
top copper foil 7. e illustrated in Fig. 17 the{;gmfa?g;g

14 is pressed to contact the copper foil 7 along the perip e{y t her eo
bent netal" wire 32 which is inserted through. holes in the ht-ckness—ef-—t-hd
circuit board. An internediate el enent 33 such as a wedge shaped neans nay
be used between the bent-element 32 and thestop portion of thé netal~cap—i#
to. ensure a correct pressing force. The invention can be nodified by
anyone skil | edaﬂéi‘thh@s afr thdhescdnar 1hRbiaC @ ol 8R4 aadcafit! goaddracds cong act

tabs 5 prOJecté£¥; LoMmihe outer margin of the conductive pattern the tabs
can be )

©
ey

a

14. A method according to claim 13, characterized in that the
first isolating or dielectric substrate (1) is on'one of the
sides thereof coated with a fourth conductive layer (4), before
it is given the desired contour or profile.

15. A method according to claim 14, characterized in that the
third conductive layer (4, 10) comprises a fifth conductive
layer (10) applied at least to the marginal portions of that
second side of the first laminate, which is turned away from the
second laminate and thus has the fourth conductive layer (4).

16. A method according to one of claims 14 -~ 15,
characterized in that portions of the fourth conductive layer
(4) on the side opposite to the side having the conductive
pattern of the first laminate are etched away and are not
covered by any conductive coating in order to enable access to
the conductive pattern through the first laminate.

17. A method according to one of claims 13 - 16,
characterized in that the first conductive layer (11) is etched
to produce the conductive pattern including the signal
conductors (2) and ground conductors (3).

18. A method according to one of claims 13 - 17,
characterized in that said windows are etched in the second
conductive layer (7).

19. A method according to one of claims 13 - 18,
characterized in that the two laminates are adhesively bonded to
each other.

20. A method according to one of claims 13 - 19,
characterized in that on top of said windows (8) or apertures
netal caps (14, 26) are soldered or clamped to the second
conductive layer (7) of the second substrate (6).

21. A method according to one of claims 13 ~ 20,
characterized in that said third conductive layer (4, 10) is at
least partly applied by means of thermal spraying of a low-
melting metal such as tin or an alloy thereof. -

22. A method according to one of claims 13 - 21,
characterized in that windows (20) or apertures are also made in
the first substrate (1) where these windows or apertures are
protected from obtaining any conductive layer on the other,
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conti nuous and extendatt—the—way—al ong sone or all of = LR

first substrate 1. i | prpgcti ng margin of the cd '
top of the second lmmmummmﬂﬂnot be continuous and|cd ise tab

portions,

npr |
but this wodl dtretiuce tthe adhesive force of tHe|maaMAGEREE 1

on

i6

second side of the first laminate, in order to enable access to
the conductive pattern through the first laminate.

23. A method according to claim 22, characterized in that
portions, corresponding to said windoﬁs or apertures in the
first substrate, of a fourth conductive layer {(4) on the side
opposite to the side having the conductive pattern of the first
laminate are etched away and masked against any conductive
coating.

24. A method according to one of claims 13 - 23,
characterized in that other circuit pattern boards are laminated
to the first laminate and that holes drilled and coated with a
conductive layer to connect conductors of the other circuit
pattern boards to the circuit pattern on the first laminate.

25. A method for the manufacture of circuit boards having a
lateral conductive pattern and shielded regions, characterized
in

that a first isolating or dielectric substrate (1), which on
one of the sides thereof may be coated with a conductive layer
(4) such as a first copper foil, is cut to give the first
substrate (1), together with the possible conductive layer (4),
a desired outer contour or profile,

whereafter another, first conductive layer (11) such as a
first copper foil is applied to, for instance laminated to, the
other, first side of the first substrate (1) to entirely cover
sajid first side and

the first conductive layer (11l) is etched to produce a
conductive pattern comprising signal conductors (2) and ground
conductors (3) on the first side of the first substrate (1) and

that a second isolating or dielectric substrate (6) is cut to
give it a desired outer contour or profile and windows (8) or
apertures through the thickness of said substrate (6} and that
it is coated with, for instance laminated to, a second
conductive layer (7), such as a second copper foil, on one of
its sides, the first thereof,

whereafter windows are etched in the second conductive layer
(7) corresponding to said windows (8) or apertures cut in said
second substrate (6), '

whereafter the second laminate formed in this way from the
second substrate (6) and the second conductive layer (7) is

- This Sheet Has Been Replaced
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cl ains 1. A ci+edit—beard—having a | ateral conductlvi;5¢~'*-~

shi el ded regi ons, lthat a first | am nat BAirdus
i solating or diele wmwﬂ“ mu rate (1) having a co
signal conductors ( andtgrourdd ¢onductors (3) on one fi

Is lam nated, with said first side having the conducti vl
| am nat e conprising an isolating or dielectric second s
second conductive | ayer such as a copper foil (7) arranged on the first
side of. the second substrate (6), this fiysst side being turned away 1T
the first lamnate, that windows (8) or through-holes are arranged through

the thi Cknes%lgf:e&h&u 3:%5099 the first laminate in such a way that the
second conductive layer (7) of the second laminate is turned
away from the first laminate and the first conductive layer (11)
having the conductive pattern of the first laminate is engaged
with the other, second side of the second laminate and the two

attern tO angt her

laminates are adhesiveiy bonded to each other, and

that a conductive layer (10) such as a metal layer is applied
to at least the marginal portions of that seéond side of the
first laminate, which is turned away from the second laminate
and thus may have a conductive layer (4), and the edges or
marginal portions of the two laminates in order to electrically
connect the said side of the first laminate, ground conductors
{3) of the conductive pattern on the first laminate and the
third conductive layer (7) on the second substrate,

whereafter components (12) are mounted in the windows (8) or
apertures in the second laminate to the circunit pattern of the
first laminate.

Sheet Has Been Replaceu
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pattern of the first lam nate inside the wi ndows (8) or RERHRQEMEN TEER
that another, third conductive layer (4, 10), such as a fre rayer, 15

[al |
arranged to electrically connect the ground conductors (B) Ogc}hﬁxv%m
conductive pattern and the conductive layer (7) of the sgcpn am nate gnd
to cover a second side of the first |am nate. 2. A c|reut—beard-
according to claim1l, characterized in that said w ndows|(8) or
t hrough-holes are cut in the substrate (5% of the secondtTammateand—tav
been etched away fromits copper foil (7). 3. Acircuit board according
to one of @& sipguit boardchayiast arlstedailncerdnctiye paryercondutriaiderayer
(4, 10) conpri*E&doq® fHureh  cohdulerded sl d@ansfientysing ebphet w6FF (4)

A circuit board with a lateral conductive pattern and shielded
regions comprises a first contour cut laminate of a substrate
(1) having a conductive pattern of signal conductors (2) and
ground conductors (3) on one side and a copper foil (4) on the
other side, covering the entire side. This laminate is laminated
with the side provided with the conductive pattern to a second
laminate also comprising a contour cut substrate (6) and a
copper foil (7) provided on the 'substrate on the side opposite
to the first laminate. Windpws (8) are cut in the substrate of
the second laminate and are etched away in the top copper foil
(7) to enable mounting of components to the conductive pattern
in the windows. A metal layer (10) is provided to electrically
connect said foil (4) covering the entire other side of the
first laminate with the ground conductors (3) of the conductive
pattern and the foil (7) of the second laminate. In a method of
nmanufacturing such a circuit board a first laminate of a
substrate (1), covered on one side by a copper foil (4), is

| am nate, in order to enable nounting of conponents (12)rte—the—econduetiy

contour cut whereafter a second entirely covering copper foil is
laminated to the second side of the substrate (1), and a
conductive pattern of signal conductors (2) and ground
conductors (3) is etched in the second copper foil. The second
substrate (6) is also contour cut and is laminated to a copper
foil (7), whereafter a window is etched in the copper foil,
corresponding to the window (8) cut in the substrate (6). The
second laminate thus formed is adjusted in regard of the pattern
to the first laminate and is adhesively secured thereto, the
side of the second laminate covered by the copper foil (7)
turned away from the side of the first laminate provided with
the conductive pattern. A metal layer (10) is thereafter applied
to the surface of the first laminate facing away from the side
having the conductive pattern and the lateral edges to
electrically connect said surface, the ground conductors of the
conductive pattern and the foil (7) on the second substrate,
whereafter components are mounted in the windows (8) in the

g

second laminate to the conductive pattern.

Figure 2



applied only to the second side of the second side of &
and a fifth conductive | ayer covering at |-east the edg¢
boar d. 4. Acircuit board according/fo one of clains
characterized in that conductive caps (44, 26) such as|

| am nate in order to cover the wi ndows (8). 5. Acik
according to one of clainms 1 - 4, characterized in that{the ground
conductors (3) of the conductive patte§£%pf he first |ammnatie conprise

portions such as contact tabs (5) proj g |past the edge of the substrate
(1) of the first lamnate in order to ict the third conductive | ayer
(4, 10) connecting the other conductive Iﬁyer
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13 and the ground conductors (3) of the conductive pattern
circuit board according to one of clains 1 - 5
second conductive layer (7) of the se d lami nate (6) pr

conductive layer (4, 10) connecting the other conductive lja

! iRl a0
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ground copguctors (3) of the conductive pattern. 7. Acircuit board
according to one of clains 1 - 6, characterized in that the second
substrate (6) is slightly larger than %&e first substrate (1) and_t
are arranged in relation to each othep I'n such a way t hat i
second substrate (6) extends past the edge of the first
the edges of the circuit board. 8. Acircuit board ac I ng t@ éﬂaj
7, characterized in that said margin has a width of about)theg Wil e
t he thickness of the substrates or nore. 9. Acircuitibpard accordi
to one of clains 1 - 8, characterized in that w ndows (20)
in the first substrate are nade, al so passing through the ffourth e
layer (4), if such a layer is arranged, and_that
?-Wg. L
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regi ons.8 weas (18) of the first conductive |ayer are left on top of said
w ndows (20) or through-holes, and that the third conductixe-layer (4,.-10),
particularly the fifth conduct i ve Iayer! 10), when such mﬁgbﬁrﬁ‘ﬁ SHEET
arranged, connects electrically the edg of the conductii ey er-S—iITST
said w ndows (20) or through-holes and the regions or arfe (é&%A{/§ % H1
grounded areas inside the conductor pattern in the first| dortdtcti “Fayer
10. Acircuit board according to one of clains 1 - 9 haui ng..bhandshaped.or
stri pshaped conductors (40) connecting one part of the dircuit board with
anot her, characterized in that wi ndows (45) are nade | ocated—adiacent—to—
sai d bandshaped or stripshaped condu rs (Tl ) through the first |am nate
and through the substrate (6) of thecl.g0 nd m nate and that the second
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conducti ve llayer (7) extends over these wi ndows (45).

1=

AT It
board according to claim 10, characterized in that over a]HﬁHﬁKﬁ%ME@TGHﬁ&E

of said bandshaped or stripshaped cenductors (40) there
of the circuit board or of said w ndows (45) made through
| am natie and t hrough

)

~ R ) 1
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he- fy Sp 1997
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A circuit board having a jateral conductive pattern and shielded

reqgions as well as a method of manufacturing such a board

Field of the invention

The present invention relates to. a circuit board having a

. lateral conductive pattern and shielded regions as well as a

\ method of manufacturing such a board.
Backaqround of the invention

In electronic equipment for high frequencies and data signals

having short transient times one portion in electronic equipment

may interfere with the operation of other portions by the fact

that the electromagnetical field will transfer signals over

dielectric distances by induction. Such crosstalk will usually

be dealt with by having the various portions of the

i
R

equipment

built into metal casings, which are electrically grounded and in

the walls of which the electric field is shért circuited, i.e.

the casings will constitute shielded casings. The various

portions are interconnected by coaxial cables. The signal being

transferred on the coaxial cable may be purged from

undesirable

frequencies by means of special filters. The disadvantages of

such shielded casings are partly that they are relatively

costly, partly they are spaceconsuming. Another problem is that

it is often difficult to provide sufficiently

electromagnetically closed shields between the various portions

of the electronic equipment in the case where one wants to

integrate it on one single circuit board.

In conventional pattern boards often regions of

the circuit

board are surrounded by an etched and grounded frame

incorporated in and surrounding the rest of the conductive
pattern and further a ground plane is attached to the opposite
side of the circuit pattern board. By soldering a metal shield
on said grounded frame a region, which is fairly well but not
» completely shielded, is obtained. The problem in this case is
that the electromagnetic radiation will leak laterally between

the grounded frame and the ground plane in the laminate thus

formed. This radiation can be partly confined by having holes”
drilled and metallized, which connect the ground plane and the

grounded frame. The radiation leakage, however, may

only be

restricted in a certain amount in this way, since said holes
cannot be located too closely to each other since this would




the substrate (6) of the second | am nate on both sides of |pEEisATRWBNT, SHEE
di stance fromthe edge of the conductor (40) to the edge @%‘“@??wit
board or said wi ndows (45) being substantially constant anpd egg?g: 0,

ot her over this considered | ength. 12. A circuit boar and
of claims 1 - 11, characterized in that 4 he substrates (1, ¢) are_oade fyion
glass fibre reinforced plastics. 13. A nethod for thejmanufacture of

circuit boards having a lateral conductive pattern and shi -egHonsT—
char act er i ziewartha mechanigal we#kening aftbe darninateor Prapeging matallizagdokalesainethis) i s

given a deswraidisoﬂ% Gaditi 8Rt ?gé;tp(ognd) " Bhitdtfites a solifdBlofelrbisSt ORI HAEASY & | ayer

conprising a conductor
particularly unsuatable for circuit boards intended for cheap and little space

consuming surface mounting where holes are not required for the attachment of

component legs but only as a connection between various conductive layers.

Prior Art

From the European patents O 288 767 and 0 337 331 and the U.S. patent 4
673 904 it is previously known to prepare conductive patterns, where the
conductors on all sides are enclosed by dielectrics and ground planes. The
disadvantage of these prior methods is that a multitude of selective metal patterns

and electrically insulating patterns must be applied to a substrate in several

sequential procedural steps what makes these methods complicated and the risk of
having a bad manufacturing output is obvious. Another problem of this technique is
that it is based on a deposition of metal on the substrate surface and that such
deposited metal layers present a bad ductility. Further, this method is not
compatible with what is generally established within the technique of manufacturing

etched circuit pattern boards.

Summary of the invention
The purpose of the present invention is to provide a new and significantly

simpler method for removing the disadvantages discussed above in the technique
known up to this date, wherein conductive patterns are produced by etching a
metal foil adhesively bonded to the substrate according to the established method
of circuit pattern board manufacture and wherein in many cases rolled metal foil can
be used which will produce a certain stretchability and flexibility in the
manufactured card.

This purpose is achieved with a circuit board and a method of the kind
indicated above having the characteristics set out in the appended claims.

Thus a circuit board having a-ateral conductive pattern and shielded regions
is provided comprising a first laminate of a substrate having a conductive pattern of
signal conductors and ground conductors on one side and optionally an entirely

covering copper foil on the other side, this first laminate



I ncl udi ng signal conductors (2) and ground conductors (3)
first side of the first substrate (1), that a second | —
dielectric substrate (6) is given a desired outer contour| or profigeagand
wi ndows (8) or apertures are produced through the thicknegs| of Usiig 77’
substrate (6), that a second conductizve layer (7) is prbduced on a
first side of the second substrate (6), whereafter w pdows are produced

in the second conductive layer (7) corresponding to said \h_n.d.oms__é-S)-—e-F

apertures i peifg! ([EmAReRN vt RRE T'shde® hefthg a conditivBabdrtdm € aRGHEN Skt Nat e
formed in this way fromthe second subStrate (6) and the second conductive

| ayer (7) ileminate exprentisingpa ofecond spbsteate |angi aznoppem failuamangedagn tthatsidehe
second Cond%(éhligvgvx}a@yﬁ%m( zl)\e Q‘Trsit mﬁniﬁgfé?r\ginhm ng}I %pgr?u;eyrwﬁg cut in the

substrate of the second laminate and etched away from its copper foil respectively
in order to enable mounting of components to the conductive pattern inside the
windows, and that a metal layer is arranged to electrically connect the optional,
entirely covering foil of the first laminate with the ground conductors of the
conductive pattern and the foil of the second laminate and also to cover the whole
side of the first laminate where the optional entirely covering copper foil may be
located, at least when such an optional copper foil is not arranged on this side.

According to advantageous embodiments of the circuit board of the
invention the ground conductors of the conductive pattern are prepared with
protruding portions such as contact tabs projecting past the edge of the substrate
and the copper foil of the second laminate may likewise project past the second
substrate edge in order to make a good contact with the metal layer connecting the
ground planes of the board.

The method for the manufacture of the circuit boards thus comprises the
following steps:
may be coated with a conductive layer, such as a first copper foil, is cut, for
instance by means of a laser beam or a water jet, to give the first substrate,
together with the possible conductive layer, a desired outer contour or profile,

whereafter another, first conductive layer, such as a first copper foil, is
applied to, for instance laminated to, the other, first side of the first substrate to
entirely cover said first side and

the first conductive layer is etched to produce a conductive pattern
comprising signal conductors and ground conductors on the first side of the first
substrate and

that a second electrically insulating substrate is cut to give it a desired outer

contour or profile and windows or apertures through the thickness of said substrate

and that it is coated with, for instance laminated to, a second conductive

|



away fromthe first |lamnate and the first conductive IayﬁEW\I@Wr%IEtET

conductive pattern of the first lamnate is engaged with e ot her, seco
side of the second lam nate and the two | ami nates are attpch é)tS?tP&@W

ot her, and that a third conductive layer (4, 10) is app]i to that

second side of the first lamnate, which is turned away f[ok-the—second

| am nate, and the edges or nmarginal portiions of the two | am nates in order

to electrically connect the ground conductors (3) of the COMUUTTIVE pattern
on the fitayerarfyrit @sd Seivendecerre T diedict o eorieapér 1£5)sii¢st-héNgecond

SUbStratEfo]_l cober oaf tan cameanent srdeld)igeare nounted in the w ndows (8)
or

whereafter windows are etched in the second conductive layer
corresponding to said windows or apertures cut in said second
substrate, '

whereafter the second laminate formed in this way from the
second substrate and the second conductive layer is placed on
top of the first laminate in such a way that the second
conductive layer of the second laminate is turned away from the
first laminate and the first conductive layer having the
conductive pattern of the first laminate is engaged with the
other, second side of the second laminate and the two laminates

are intimate attached to each other, for instance adhesively
bonded to each other, and

G

that a conductive layer such as a metal layer is applied to
at least the marginal portions of that second side of the first
laminate, which is turned away from the second -laminate and thus
may have a conductive layer, and the edges or marginal portions
of the two laminates in order to electrically connect the said
side of the first laminate, ground conductors of the conductive
pattern on the first laminate and the third conductive layer on
the second substrate, the application of this conductive metal
layer being at least partly accomplished by means of thermal
spraying of a low-melting metal, for instance tin or an alloy
thereof, -

whereafter components are mounted in the windows or apertures
_ in the second laminate to the circuit pattern of the first
L) laminate. ;
’ According/an advantageous embodiment of the invention metal
caps are provided over the windows of one of the laminates, said
metal caps being soldered or clamped firmly against the copper
foil of the substrate in order to shield the window regions.

According to another advantageous embodiment of the invention
portions of the optional copper foil of the side of the first
laminate, which is opposite to the side having the conductive
pattern, are_etched away and masked against metal coating in
order to enable access to the conductive pattern from this side.

Short description of the fiqures

Embodiments, of the invention will now by way of exanple be



15 apertures in the second lamnate to the circuit patt era—ef—the—iiist

| ami nat e. 14. A nmethod according to claim13, charac RE hk@EMENTHﬂﬂﬂﬂPe

first isolating or dielectric substrate (1) is on one of esiaes—ttergof

coated with a fourth conductive |ayer (4), before it is g Ven heﬁd } rqd

contour or profile. 15. A nethod according to claim {4 chaT‘ cterlzed

in that-the third conductive layer (4, 10) conprises a f}|fth-conductive
6

La -

ground conductors 3.
Preferably another conductive metal layer such as a copper
foil 4 is adhesively bonded to the other side of the substrate 1
and covers the entire surface of this other side.
A second laminate comprises a second substrate 6, which is
cut by laser or a water jet and on which a metal layer such as a
copper foil 7 is adhesively bonded or otherwise attached. The
copper foil 7 extends past the edges of the substrate 6 to form
a free copper marginal portion and portions of the copper foil 7
are etched away on locations corresponding to the windows 8 cut
in the substrate 6 to form windows or apertures passing through
the thickness of the second laminate.
2 In Fig. 2 the two laminates of Fig. 1 are illustrated
adhesively or otherwise bonded to each other in such a way that
their patterns fit together, that is the circuit pattern 2, 3 of
the first laminate is positioned correctly with respect to the
windows 8 in the second laminate. They are arranged with the
side of the substrate 1 having the circuit pattern brought into
engagement with the surface of the second substrate 6 which is
not coated with a metal foil. On the side, which is opposite to
the windows 8, of the composite laminate illustrated in Fig. 2,
a conductive layer is applied, preferably a layer 10 of tin or
an alloy thereof, which is thermally sprayed such as by means of
flame spraying and it will electrically connect the portions
which are intended to be connected to a reference or ground
potential, i.e. the entirely covering foil 4 on the other,
second side of the first laminate, the tabs 5 extending from the
grounded conductor frame 3 and the metal foil 7 bonded to the
outer side of the second laminate. The bottom conductive layer 4
could in some cases be omitted but is generally preferred since
it will ensure a good adhesion between the bottom of the
completed circuit board and the thermally sprayed metal layer
10. Also, for an easy application the metal layer 10 covers all
of the bottom surface of the composite board, but this is
generally not required for the electrical shielding. The metal”
layer may thus, as is illustrated in Fig. 3, cover only the edge
regions of the completed board, also in order to perform the
electrical connection mentioned above.
The two laminates illustrated in Fig. 1 are in the composite



| ayer (10) applied at |least to the marginal portions of t?%EL§§E&§§ﬁ§S

the first lamnate, which is turned away fromthe second

has the fourth conductive |ayer (4). 16. A method acdor{ding to one o

claims 14 - 15, characterized in that portions of the fourth cosEtiaNe

| ayer (4) on the side opposite to the side having the corjdyctive pattern

the first lamnate are etched away and are not covered by any—conductive

coatrng in order to enable access to thesconductive pattdrn_through_the

first | am nate. 17. A method according to one of clains 13 - 16,

charact er iZfhdamtt Rabeddifcd i Rdns ARyt héﬂ?tﬁy%eﬂwﬂekh bs Bi ghadinelpr oduce

conduct or &ty Shese"yinaiia % Crs1e RS SRR s e Ll Yk 2406
10 will contact those left portions of the top copper foil 7.
Also the edge profile of the finished circuit board may have the
same steplike shape as illustrated for instance in Fig. 2, the
edge of the second substrate 6 projecting past the edge of the

first laminate inside the windows.

If an electrically grounded surface 18 is desired inside the

grounded frame 3 and within the signal conductor pattern 2 a
hole 20 is surface cut by means of laser or a water jet in the
first substrate 1 of the first laminate, see Fig. 6, before the
lamination of the first copper foil for the conductor pattern,

£ and the corresponding parts of the bottom copper foil 4 on this
first substrate are etched away. The copper foil, in which the
conductive pattern is etched, will then cover the hole 20 and
the thermally sprayed tin layer 10 will connect the ground '
planes 7, 18, and 4, as is illustrated in Fig. 6.

The method described above is suited for single conductive
layers. If several conductive planes or intersections are
required thiiﬂéétéﬂ%&%?%%sﬁi§%ﬂgliShed by means of screen
printing of/i€elating and conducting mixtures of artificial
resins or plastics, so called polymer thick film technique. Such

a method for the manufacture of thin continuous substrate strips
is described in the Swedish Patent 455 148, which is
incorporated herein as a reference.

ij The copper foil 4 which may be arranged on the side opposite
the side having the circuit pattern of the substrate 1 of the
first laminate can be etched and masked against metallization in
order to provide access to the circuit also from this side. Such
regions may then be shielded by electrically closed metal caps
26, as is illustrated in Fig. 7, wherein an embodiment is
illustrated consisting of two laminates, combined with a
multilayer board 22 located on top of the above mentioned
conductive pattern comprising the signal and ground conductors
2, 3. The contacting of the conductive planes incorporated in~
the multilayer board and the conductors 2, which have been
etched on the substrate 1, is accomplished by means of
metallized holes 24. In this case the metal layer 10 on the
bottom and edges of the circuit board and the metal layer inside
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used in metallization of through-holes in multilayer circuit
pattern boards. '

The multilayer board 22 is prepared according to conventional
circuit board technique and the other laminates are prepared as
has been described above. The laminates are drilled and the
holes are coated according to prior multilayer board methods
wherein the regions of the ground plane 4 of the lower laminate
of Fig. 7, where the coated hole 24 will be produced, is etched
away and the hole 24 is connected to the signal conductors of
the multilayer board 20. The ground planes 4, 7 are contacted

. through a simultaneously deposited metal layer 10, as has

o,

already been mentioned. In this embodiment shield caps 14, 26
are mounted at the ground planes 7, 10 by means of soldering
joints 16 and 28 respectively in order to shield the circuit
space completely.

Circuit boards can thus be laminated with composite devices
as has been described above and the conductors thereof are
electrically connected by drilled and metal coated holes in
regions, where the copper foil have been etched away and the
metallization has been masked.

An example of the method according to the invention for the
preparation of circuit boards having a lateral conductive
pattern and shielded regions of the kind illustrated in Fig. 2
PN will now be described in more detail with reference to Figures 8
- 15. '

A laminate of a substrate 1 of 0.2 mm thick glass fibre
reinforced plastics is coated with 0.035 mm thick copper foil 4
on one side and is contour cut by means of laser, see Fig. 8.

A laminate cut in this way is laminated in a hydraulic press
provided with a suitable heating to a larger copper foil 11,
similarly having a thickness 0.035 mm. The same adhesive is used
as a bonding agent, see Fig. 9.

The substrate coated on both sides is then coated by dipping
in a photo resist. A pattern is exposed and is etched in the
copper foil 11, this pattern constituting signal conductors 2
and ground planes 3. At suitable places contact tabs or contact
tongues 5 project past the edge of the substrate 1, see Fig. 10.



characterlzed in that pertures are alsc , e
substrate (1) where thm«a lc“mmm uEertures are prot e, %@Eﬂﬁi\ﬁgﬁ
any conductive |ayer onx*t ot her, * '

second side of the first Ian1nate, in order-to enabl e agcess i QEPHEIY
conductive pattern through the first |amnate.

12

Claims
1. A circuit board having a lateral conductive pattern and
shielded regions, characterized in that a first laminate
comprising an isolating or dielectric first substrate (1) having
a conductive pattern of signal conductors (2) and ground
conductors (3) on one first side thereof is laminated, with said
first side having the conductive pattern to another laminate
comprising an isolating or dielectric second substrate (6) and a
second conductive layer such as a copper foil (7) arranged on
the first side of the second substrate (6), this first side
being turned away from the first laminate, that windows (8) or
through-holes are arranged through the thickness of the second
laminate, in order to enable mounting of components (12) to the
! conductive pattern of the first laminate inside the windows (8)
or through-holes, and that another, third conductive layer (4,
10), such as a metal layer, is arranged to electrically connect
the ground conductors (3) of the conductive pattern and the
conductive layer (7) of the second laminate and to cover a
second side of the first laminate.
2. A circuit board according to claim 1, characterized in
that said windows (8) or through-holes are cut in the substrate
(6) of the second laminate and have been etched away from its
copper foil (7).
3. A.circuit board according to one of claims 1 - 2,
’ characterized in that the third conductive layer (4, 10)
comprises a fourth conductive layer such as a copper foil (4)
applied only to the second side of the second side of the first
laminate and a fifth conductive layer covering at least the
edges of the circuit board.

4. A circuit board according to one of claims 1 - 3,
characterized in that conductive caps (14, 26) such as metal
caps are soldered or clamped to the second conductive layer (7)
of the second laminate in order to cover the windows (8).

5. A circuit board according to one of claims 1 ~ 4,
characterized in that the ground conductors (3) of the
conductive pattern of the first laminate comprise portions such
as contact tabs (5) projecting past the edge of the substrate
(1) of the first laminate in order to contact the third
conductive layer (4, 10) connecting the other conductive layer
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the second laminate in order to contact the third conductive
layer (4, 10) connecting the other conductive layer and the
ground conductors (3) of the conductive pattern. -

7. A circuit board according to one of claims 1 - 6,
characteriged in that the second substrate (6) is slightly
larger than the first substrate (1) and that they are arranged
in relation to each other in such a way that a margin of the
second substrate (6) extends past the edge of the first
substrate (1) along the edges of the circuit board.

( 8. A circuit hoard according to claim 7, characterized in
that said margin has a width of about the same size as the
thickness of the substrates or more.

9. A circuit board according to one of claims 1 - 8,
characterized in that windows (20) or through-holes in the
first substrate are made, also passing through the fourth
conductive layer (4), if such a layer is arranged, and that
regions or areas (18) of the first conductive layer are left on
top of said windows (20) or through-holes, and that the third
conductive layer (4, 10), particularly the fifth conductive
layer (10), when such a layer is arranged, connects electrically

( the edges of the conductive layers inside said windows (20) or

through-holes and the regions or areas (18) to form grounded

areas inside the conductor pattern in the first conductive
layer. _

10. A circuit board according to one of claims 1 - 9 having
bandshaped or stripshaped conductors (40) connecting one part of
the circuit board with another, characterigzed in that windows
(45) are made located adjacent to said bandshaped or stripshaped
conductors (40) through the first laminate and through the
substrate (6) of the second laminate and that the second
conductive layer (7) extends over these windows (45).

11. A circuit board according to claim 10, characterized in
that over a considered length of said bandshaped or stripshaped
conductors (40) there is an edge either of the circuit board or
of said windows (45) made through the first laminate and through
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12. A circuit board according to one of claims 1 - 11,
characteriged in that the substrates (1, 6) -are made from glass
fibre reinforced plastics.

13. A method for the manufacture of circuit boards having a
lateral conductive pattern and shielded regions, characterigzed
in

that a first isolating or dielectric substrate (1) is given a
desired outer contour or profile,

that a first conductive layer comprising a conductor pattern
including signal conductors (2) and ground conductors (3) is
produced on a first side of the first substrate (1),

that a second isolating or dielectric substrate (6) is given
a desired outer contour or profile and windows (8) or apertures
are produced through the thickness of said substrate (6),

that a second conductive layer (7) is produced on a first
side of the second substrate (6),

whereafter windows are produced in the second conductive
layer (7) corresponding to said windows (8) or apertures in said
second substrate (6),

whereafter the second laminate formed in this way from the
second substrate (6) and the second conductive layer (7) is
placed on top of the first laminate in such a way that the
second conductive layer (7) of the second laminate is turned
awvay from the first laminate and the first conductive layer (11)
having the conductive pattern of the first laminate is engaged
with the other, second side of the second laminate and the two
laminates are attached to each other, and

that a third conductive layer (4, 10) is applied to that
second side of the first laminate, which is turned away from the
second laminate, and the edges or marginal portions of the two
laminates in order to electrically connect the ground conductors
{3) of the conductive pattern on the first laminate and the
second conductive layer (7) on the second substrate,

vhereafter components (12) are mounted in the windows (8) or
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14. A method according to claim 13, characterized in that the
first isolating or dielectric substrate (1) is on one of the '
sides thereof coated with a fourth conductive layer (4), before
it is given the desired contour or profile.

15. A method according to claim 14, characterized in that -the
third conductive layer (4, 10) comprises a fifth conductive
layer (10) applied at least to the marginal portions of that
second side of the first laminate, which is turned away from the
second laminate and thus has the fourth conductive layer (4).

16. A method according to one of claims 14 - 15,
characterized in that portions of the fourth conductive layer

f (4) on the side opposite to the side having the conductive
pattern of the first laminate are etched away and are not
covered by any conductive coating in order to enable access to
the conductive pattern through the first laminate.

17. A method according to one of claims 13 - 16,
characterized in that the first conductive layer (11) is etched
to produce the conductive pattern including the signal
conductors (2) and ground conductors (3).

18. A method according to one of claims 13 - 17,
characteriged in that said windows are etched in the second
conductive layer (7).

( 19. A method according to one of claims 13 - 18,

characteriged in that the two laminates are adhesively bonded to
each other.

20. A method according to one of claims 13 - 19,
characterized in that on top of said windows (8) or apertures
metal caps (14, 26) are soldered or clamped to the second
conductive layer (7) of the second substrate (6).

21. A method according to one of claims 13 - 20,
characterized in that said third conductive layer (4, 10) is at
least partly applied by means of thermal spraying of a low-
melting metal such as tin or an alloy thereof.

22. A method according to one of claims 13 - 21,
characterized in that windows (20) or apertures are also made in
the first substrate (1) where these windows or apertures are
protected from obtaining any conductive layer on the other,
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portions, corresponding to said windows or apertures in the
first substrate, of a fourth conductive layer (4) on the side
opposite to the side having the conductive pattern of the first
laminate are etched away and masked against any conductive
coating.

24. A method according to one of claims 13 - 23,
characterized in that other circuit pattern boards are laminated
to the first laminate and that holes drilled and coated with a
conductive layer to connect conductors of the other circuit
pattern boards to the circuit pattern on the first laminate.

25. A method for the manufacture of circuit boards having a
lateral conductive pattern and shielded regions, characterized
in

that a first isolating or dielectric substrate (1), which on
one of the sides thereof may be coated with a conductive layer
(4) such as a first copper foil, is cut to give the first
substrate (1), together with the possible conductive layer (4),
a desired outer contour or profile,

whereafter another, first conductive layer (11) such as a
first copper foil is applied to, for instance laminated to, the
other, first side of the first substrate (1) to entirely cover
. said first side and

the first conductive layer (11) is etched to produce a
conductive pattern comprising signal conductors (2) and ground
conductors (3) on the first side of the first substrate (1) and

that a second isolating or dielectric substrate (6) is cut to
give it a desired outer contour or profile and windows (8) or
apertures through the thickness of said substrate (6) and that
it is coated with, for instance laminated to, a second
conductive layer (7), such as a second copper foil, on one of
its sides, the first thereof,

whereafter windows are etched in the second conductive layer
{(7) corresponding to said windows (8) or apertures cut in said
second substrate (6),

whereafter the second laminate formed in this way from the
second substrate (6) and the second conductive layer (7) is
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second conductive layer (7) of the second laminate is turned
away from the first laminate and the first conductive layer (11)
having the conductive pattern of the first laminate is engaged
with the other, second side of the second laminate and the two
laminates are adhesively bonded to each other, and

that a conductive layer (10) such as a metal layer is applied
to at least the marginal portions of that second side of the
first laminate, which is turned away from the second laminate
and thus may have a conductive layer (4), and the edges or
marginal portions of the two laminates in order to electrically
connect the said side of the first laminate, ground conductors
(3) of the conductive pattern on the first laminate and the
third conductive layer (7) on the second substrate,

whereafter components (12) are mounted in the windows (8) or
apertures in the second laminate to the circuit pattern of the
first laminate.
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