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(57) ABSTRACT

In a method for producing a printed circuit board consisting
of at least two printed circuit regions, wherein the printed
circuit board regions each comprise at least one conductive
layer and/or at least one device or one conductive compo-
nent, wherein printed circuit board regions to be connected
to one another, in the region of in each case at least one
lateral surface directly adjoining one another, are connected
to one another by a coupling or connection, and wherein,
after a coupling or connection of printed circuit board
regions, at least one additional layer or ply of the printed
circuit board is applied over the printed circuit board
regions, the additional layer is embodied as a conductive
layer, which is contact-connected via plated-through holes to
conductive layers or devices or components integrated in the
printed circuit board regions.

9 Claims, 5 Drawing Sheets
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1
METHOD FOR PRODUCING A PRINTED
CIRCUIT BOARD CONSISTING OF AT
LEAST TWO PRINTED CIRCUIT BOARD
REGIONS, AND PRINTED CIRCUIT BOARD

This is a national stage of PCT/AT2010/000254 filed Jul.
9, 2010 and published in German, which claims the priority
of Austria number GM 432/2009 filed Jul. 10, 2009, hereby
incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to a method for producing a
printed circuit board consisting of at least two printed circuit
board regions, wherein the printed circuit board regions each
comprise at least one conductive layer and/or at least one
device or one conductive component, wherein printed circuit
board regions to be connected to one another, in the region
of'in each case at least one lateral surface directly adjoining
one another, are connected to one another by a coupling or
connection, and wherein, after a coupling or connection of
printed circuit board regions to be connected to one another,
at least one additional layer or ply of the printed circuit
board is arranged or applied over the printed circuit board
regions to be connected to one another. The present inven-
tion, moreover, relates to a printed circuit board consisting
of at least two printed circuit board regions, wherein the
printed circuit board regions each comprise at least one
conductive layer and/or at least one device or one conduc-
tive component, wherein printed circuit board regions to be
connected to one another, in the region of in each case at
least one lateral surface directly adjoining one another, are
connectable or connected to one another by a coupling or
connection, and wherein, on printed circuit board regions
connected to one another, at least one additional layer or ply
of the printed circuit board is arranged over the printed
circuit board regions to be connected to one another.

PRIOR ART

In the context of the production of printed circuit boards,
it has become more and more common practice to produce
or assemble a printed circuit board of at least two, particu-
larly separately produced, printed circuit board regions
consisting of regions that are horizontally connected and
frequently made of different materials, wherein such a mode
of procedure, which is, for instance, known as modulariza-
tion, is, for instance, applied because individual partial
regions of a printed circuit board have to meet different
demands. Thus, it is, for instance, known that in partial
regions of a printed circuit board power electronics is
integrated or incorporated, while in other regions of a
printed circuit board digital technology is, in particular,
applied. The production of a printed circuit board simulta-
neously comprising, for instance, power electronics and
digital technology does not make sense in terms of both
production expenditures and electrical and mechanical cou-
pling designs, thus usually leading to elevated costs. In
respect to an increasingly sought miniaturization of such
printed circuit boards, different production techniques and
methods which cannot be readily combined with one another
are, moreover, applied to an increasing extent.

Finally, such a printed circuit board that is assembled by
coupling superimposed layers of different materials, i.e. has
a so-called hybrid structure or includes partial regions with
integrated high-frequency or power electronics, usually
comprises regions with different warm-up rates or different
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expansion coefficients such that, in practical usage, such a
printed circuit board will frequently become warped or
distorted, thus markedly reducing its service life and reli-
ability.

For the production of printed circuit boards consisting of
at least two, particularly differently constructed, printed
circuit board regions, it is, for instance, known to arrange at
least one module on a standard carrier or a printed circuit
board region of an accordingly simple configuration in order
to achieve the desired properties of different partial regions
of such a printed circuit board. An embodiment of this type
is, for instance, known from WO 99/25163, wherein, in a
printed circuit board region or carrier of simplified design,
recesses are provided in a manner corresponding to the
modules to be fixed, said modules to be fixed covering the
recesses so as to ensure in the edge region of the recesses
bonding by contact pads correspondingly provided on the
edge regions of the modules to be fixed thereto. A similar
configuration can also be taken from ES-A 216870. It is
immediately apparent that the production of printed circuit
boards each comprising a plurality of printed circuit board
regions usually having different structures and different
functions, which are to be disposed one above the other or
horizontally, is extremely expensive and difficult due to the
usually provided large number of connections or the accord-
ingly miniaturized configuration. In addition, that known
prior art involves the drawback that the end product, besides
a substantially full-surface printed circuit board region of
usually simplified structure constituting a carrier, comprises
a plurality of further printed circuit board regions projecting
therefrom and connected therewith such that handling may
involve additional problems, particularly on account of the
existing irregular surface structures.

A similar mode of production of a printed circuit board
having a plurality of printed circuit board regions can, for
instance, also be taken from DE-U 93 09 973, wherein, again
on a base circuit board, a printed circuit board region that is,
in particular, provided with light-emitting devices, is con-
tact-connected via contacts provided about edge or periph-
eral regions and projecting above respective recesses pro-
vided in the base circuit board.

An electric circuit arrangement in compact construction
of the initially defined kind can, for instance, be further
taken from DE-A 2536316 or FR-A 2284190, wherein
electric coupling is realized on an outer side via power
patterns and various elements can be inserted into the card,
wherein it is, moreover, said that good heat dissipation
properties are provided.

SUMMARY OF THE INVENTION

The present invention aims to further develop a method
and a printed circuit board of the initially defined kind to the
effect that the above-mentioned drawbacks will be avoided
when using and assembling different printed circuit board
regions, wherein it is additionally aimed to particularly
provide a reliable connection and contacting as well as a
simple production of individual printed circuit board regions
and the integration thereof.

To solve these objects, a method of the initially defined
kind is essentially characterized in that the additional layer
is embodied as a conductive layer which is contact-con-
nected via plated-through holes to conductive layers or
devices or components integrated in the printed circuit board
regions to be connected to one another. Since the printed
circuit board regions to be connected to one another in the
region of at least one lateral surface or edge are connected
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or coupled to one another by a coupling or connection, it will
be ensured that the printed circuit board regions to be
connected to one another will not mutually overlap but
rather be substantially adjacently arranged. Such a connec-
tion in the region of at least one adjoining lateral surface will
thus provide a substantially plane printed circuit board in
which different partial regions that are, in particular, pro-
duced or provided separately in a modular manner in dif-
ferent production steps and fulfil accordingly different func-
tions can be readily and reliably coupled or connected to
each other. The method according to the invention thus
enables the optimization of the production process of the
individual printed circuit board regions, whereupon the
latter can be connected or coupled to one another in a simple
and reliable manner to provide a printed circuit board
comprising different partial regions. The conductive layer
additionally provided by the invention will subsequently
enable the simple electrical contacting of the printed circuit
board regions to be connected to one another, which will be
realized via the plated-through holes provided by the inven-
tion with integrated layers and/or devices in the printed
circuit board regions to be connected. In accordance with the
invention, a sandwiched structure of the printed circuit
board consisting of a plurality of printed circuit board
regions will thus be made available, particularly by provid-
ing accordingly plane structures for the subsequent pattern-
ing of, e.g., conducting layers or for the subsequent mount-
ing of components.

For contacting or patterning, it is proposed according to a
preferred embodiment of the invention that, after having
connected or coupled printed circuit board regions to be
connected to one another and/or after having arranged or
applied at least one additional conducting or conductive
layer or ply, the structuring or patterning of conducing or
conductive layers of the printed circuit boards and/or the
mounting of additional electronic components or devices on
the printed circuit board is/are effected.

Depending on the structure of the individual printed
circuit board regions to be connected and, in particular, in
order to ensure complete insulation relative to the conduc-
tive layer to be provided after connection, via which layer
contacting is effected, it is proposed according to a further
preferred embodiment that, prior to applying the additional
conductive layer, an insulating or non-conductive layer is
applied on the printed circuit board regions connected to one
another.

In order to avoid partial regions having different heights,
of the printed circuit board to be produced, it is proposed
according to a further preferred embodiment that printed
circuit board regions to be connected to one another are
substantially arranged in a common plane and connected or
coupled to one another.

For an additional electrical coupling or connection of the
printed circuit board regions to be connected to one another,
it is proposed according to a further preferred embodiment
that an electrical connection of electrically conducting or
conductive regions or elements of the printed circuit board
regions to be connected to one another and/or layers of
additional plies or additional elements is formed by solder-
ing, gluing, welding, riveting or pinning, by vias or pas-
sages, conductively made bores, conductive pastes, conduc-
tive foils or wires, electronic devices or components or
optical connections.

For the reliable coupling of individual printed circuit
board regions to be connected to one another, it is proposed
according to a further preferred embodiment that the cou-
pling or connection of the printed circuit board regions to be
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connected to one another is effected by gluing, press-fitting,
laminating, bonding, welding, soldering, a galvanic connec-
tion and/or by arranging or fixing components of the printed
circuit board. These are methods that are generally known
per se, and widely used, in the context of printed circuit
board production processes such that the manipulation of
individual printed circuit board regions and their connection
for the production of a printed circuit board consisting of
several printed circuit board regions can be performed in an
accordingly simple manner.

To further improve or simplify the coupling or connecting
of printed circuit board regions to be connected to one
another, it is proposed according to a further preferred
embodiment that at least one mutually complementary cou-
pling element is each formed on mutually adjoining lateral
surfaces of the printed circuit board regions to be connected
to one another, via which coupling element coupling or
connecting to the respectively adjoining printed circuit
board region is effected. Such complementary coupling
elements can be produced in an accordingly simple manner
and, in particular, are able to improve the mechanical
stability of the connection of individual printed circuit board
regions.

To further support the coupling or connecting of printed
circuit board regions to be connected to one another, it is,
moreover, proposed in a preferred manner that complemen-
tary coupling elements are positively connected to each
other.

For an optionally desired embedment of at least one
printed circuit board region in a printed circuit board region
to be connected thereto, it is, moreover, proposed that
mutually adjoining lateral surfaces of printed circuit board
regions to be connected to one another are formed with
mutually complementary profilings, particularly in the form
of stepped and/or through-going recesses or depressions, as
in correspondence with a further preferred embodiment of
the method according to the invention.

For the reliable incorporation or embedment of printed
circuit board regions having, for instance, complex struc-
tures in a printed circuit board region forming a base of the
printed circuit board, it is proposed according to a further
preferred embodiment that the embedment of a printed
circuit board region in an accordingly formed recess or
depression of a printed circuit board region to be connected
thereto is effected, wherein, in addition to in each case at
least one mutually adjoining lateral surface of the printed
circuit board regions to be connected to one another, an at
least partial sheathing of the printed circuit board region to
be received is additionally provided on a peripheral surface
different from the lateral surface.

In order to, in particular, compensate for different thick-
nesses of printed circuit board regions having different
structures, it is proposed according to a further preferred
embodiment that recesses or depressions for receiving
printed circuit board regions extend over several layers or
plies of multilayer printed circuit board regions. This will, in
particular, enable the adaptation of the thickness of a printed
circuit board region of a usually more complex structure
comprising a large number of plies to the thickness of a
printed circuit board region having an accordingly simpler
structure.

As already pointed out above, it is feasible by using the
method according to the invention to connect or couple to
one another, for the formation of a single or common printed
circuit board, printed circuit board regions of the most
diverse configurations and structures, wherein the printed
circuit board regions to be connected to one another accord-
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ing to a further preferred embodiment are formed by flex-
ible, rigid, rigid-flexible or semi-flexible printed circuit
board regions and/or high-frequency, HDI, substrate or
ceramic printed circuit board regions.

The production of rigid-flexible printed circuit boards, in
particular, involves the problem that the rigid material, or
rigid partial regions, of such a rigid-flexible printed circuit
board exhibit good dimensional stabilities during processing
steps, especially laminating steps, while the flexible material
has a comparatively poor stability. Due to this instability of,
in particular, the flexible material or flexible partial regions,
a printed circuit board will possibly exhibit considerable
deformations after relamination, which will subsequently
lead to orientation problems if circuits, conducting elements
or holes of small sizes are to be positioned on the flexible
layers, particularly relative to the positions of corresponding
circuits or conducting elements. In order to avoid misalign-
ments, it is therefore common in the production of rigid-
flexible circuit boards or production formats to use consid-
erably smaller production formats than in the production or
rigid circuit boards, such smaller production formats involv-
ing an increased amount of work and elevated costs.

In the context of the method according to the invention,
it is proposed according to a further preferred embodiment
for the production of rigid-flexible circuit boards, consider-
ing the advantages achievable by the method according to
the invention when coupling or connecting different printed
circuit board regions, that for the production of a rigid-
flexible printed circuit board a flexible printed circuit board
region is formed with at least one adjoining transition region
of rigid material, and the transition region(s) of rigid mate-
rial is/are coupled or connected to (at least one) rigid printed
circuit board region(s) of the rigid-flexible printed circuit
board to be produced. Due to the fact that a flexible printed
circuit board region is formed with at least one adjoining
transition region of rigid material and, after this, the at least
one transition region of rigid material is coupled to at least
one further rigid printed circuit board region, it has become
possible to make the flexible partial regions small with, as
the case may be, an accordingly poorer dimensional stability
and, by simultaneously providing the at least one rigid
transition region, provide a reliable coupling to the sepa-
rately produced, rigid printed circuit board regions in order
to produce the desired rigid-flexible printed circuit board.
Taking into account the existing dimensional stability, an
accordingly precise positioning of holes, vias or arrange-
ment of circuit elements can be performed on the separately
produced, rigid printed circuit board regions, wherein the
flexible partial region of a usually smaller dimensional
stability is connected to the rigid printed circuit board
regions in a subsequent operating step via the coupling
between the rigid transition region. Due to the separate
production of the flexible printed circuit board region with
at least one adjoining transition region usually having rela-
tively small dimensions and made of rigid material and the
rigid printed circuit board regions, it has, moreover, become
possible that usually more expensive, flexible printed circuit
board materials are to be used in a manner accordingly
optimized relative to the actual dimensions of the flexible
partial region to be produced, so that additional respective
cost advantages will be achievable in the production of
rigid-flexible printed circuit boards. It is, moreover, possible
to connect the separately produced, flexible partial regions
with the adjoining at least one transition region of rigid
material as well as the rigid printed circuit board regions to
be connected or coupled thereto by using a largely auto-
mated assembly method such that, in particular, restrictions
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according to the known prior art in respect to small produc-
tion formats can likewise be minimized or completely
eliminated in the production of rigid-flexible printed circuit
boards.

To further improve the exploitation of, in particular, the
more expensive, flexible material in the production of a
rigid-flexible printed circuit board, it is proposed according
to a further preferred embodiment that a flexible printed
circuit board region with at least one adjoining transition
region is cut out of a carrier element comprising a plurality
of such flexible printed circuit board regions and is inserted
in a respective recess of a carrier element likewise compris-
ing a plurality of rigid printed circuit board regions for the
coupling or connection with the at least one rigid printed
circuit board region to be connected thereto. By an accord-
ingly better exploitation of the, in particular, flexible mate-
rial, it is thus possible to produce in separate operating steps
the flexible partial regions usually having small dimensions
for a plurality of rigid-flexible printed circuit boards to be
produced, whereupon a simple and reliable connection to
likewise separately produced printed circuit board regions of
rigid material and of, for instance, elevated dimensional
stability can be performed.

The connection between, in particular, the at least one
rigid transition region and the adjoining, rigid printed circuit
board regions can be performed according to one of the
above-mentioned methods.

To solve the initially mentioned objects, a printed circuit
board of the above-identified type is, moreover, substantially
characterized in that the additional layer is formed as a
conductive layer, and that plated-through holes are formed
or provided between the additional conductive layer and in
the conductive layers or devices or components integrated in
the printed circuit board regions to be connected. As already
pointed out above, a printed circuit board produced or
assembled of several printed circuit board regions is thus
provided in a simple and reliable manner, said printed circuit
board, in particular, enabling the reliable electrical contact-
ing of the printed circuit board regions to be connected to
one another.

In order to achieve the contact-connection of the indi-
vidual printed circuit board regions, particularly in accor-
dance with predetermined circuit patterns, it is proposed
according to a preferred embodiment that the additional
conductive layer is designed to be patterned and/or mounted
with additional electronic devices or components.

Depending on the structure of the individual printed
circuit board regions to be connected and, in particular, in
order to ensure complete insulation relative to the conduc-
tive layer to be provided after connecting, via which con-
ductive layer contacting is effected, it is proposed according
to a further preferred embodiment that printed circuit board
regions to be connected to one another are substantially
arranged in a common plane and connectable or coupleable
to one another.

In order to provide an accordingly plane structure or avoid
excessive elevations of individual modules or printed circuit
board regions, it is, moreover, proposed in a preferred
manner that printed circuit board regions to be connected to
one another are substantially arranged in a common plane
and connectable or coupleable to one another.

For an additional and reliable electrical connection, it is,
moreover, proposed that an electrical connection of electri-
cally conducting or conductive regions or elements of the
printed circuit board regions to be connected to one another
and/or layers of additional plies or additional elements is
formed by soldering, gluing, welding, riveting or pinning, by
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vias or passages, conductively made bores, conductive
pastes, conductive foils or wires, electronic devices or
components or optical connections, as in correspondence
with a further preferred embodiment of the printed circuit
board according to the invention.

In a preferred manner, and in order to ensure proper
connecting or coupling, it is proposed according to a pre-
ferred embodiment that coupling or connecting of the
printed circuit board regions to be connected to one another
is effected by gluing, press-fitting, laminating, bonding,
welding, soldering, a galvanic connection and/or by arrang-
ing or fixing components of the printed circuit board.

In order to provide a reliable coupling as already indicated
above, it is, moreover, proposed in a preferred manner that
at least one mutually complementary coupling element is
each formed on mutually adjoining lateral surfaces of the
printed circuit board regions to be connected to one another,
via which coupling element a coupling or connection to the
respectively adjoining printed circuit board region is fea-
sible. According to a particularly preferred embodiment, it is
additionally proposed in this respect that mutually comple-
mentary coupling elements are positively connectable to
each other.

For the reliable incorporation of printed circuit board
regions to be connected to one another, it is, moreover,
proposed in a preferred manner that mutually adjoining
lateral surfaces of printed circuit board regions to be con-
nected to one another are formed with mutually comple-
mentary profilings, particularly in the form of stepped and/or
through-going recesses or depressions.

For the embedment of printed circuit board regions hav-
ing, in particular, more complex structures in a printed
circuit board region forming a carrier and optionally having
a simpler structure, it is, moreover, proposed that a printed
circuit board region is receivable in an accordingly formed
recess or depression of a printed circuit board region to be
connected thereto, wherein, in addition to in each case at
least one mutually adjoining lateral surface of the printed
circuit board regions to be connected to one another, a
sheathing of the printed circuit board region to be received
is additionally provided on a peripheral surface different
from the lateral surface, as in correspondence with a further
preferred embodiment of the printed circuit board according
to the invention.

For the compensation of possibly different thicknesses of
such printed circuit board regions to be connected to one
another, it is, moreover, proposed in a preferred manner that
recesses or depressions for receiving printed circuit board
regions extend over several layers or plies of multilayer
printed circuit board regions.

As already pointed out above, it is feasible to interconnect
or couple different configurations of printed circuit board
regions according to the present invention, wherein, in this
respect, it is proposed according to a further preferred
embodiment that the printed circuit board regions to be
connected to one another are formed by flexible, rigid,
rigid-flexible or semi-flexible printed circuit board regions
and/or high-frequency, HDI, substrate or ceramic printed
circuit board regions.

In particular, in the context of the production of rigid-
flexible printed circuit boards, it is proposed according to a
further preferred embodiment that, for a rigid-flexible
printed circuit board, a flexible printed circuit board region
is formed with at least one adjoining transition region of
rigid material, and the transition region(s) of rigid material
is/are coupled or connected to (at least one) rigid printed
circuit board region(s) of the rigid-flexible printed circuit
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board to be produced. In this manner, it has become possible
to produce rigid-flexible printed circuit boards in a simple
and reliable and also accordingly cost-effective manner, as
already discussed in detail above.

In accordance with the method of the invention, and by
providing the printed circuit board according to the inven-
tion, it has thus become feasible to produce as small as
possible accordingly complex partial regions including, for
instance, a digital or flexible region of a printed circuit
board, and to integrate the same in a printed circuit board
region of accordingly simpler structure. Such printed circuit
board regions can each be miniaturized so as to enable
accordingly low costs and optimized production methods for
individual printed circuit board regions having, in particular,
complex structures. It is, furthermore, possible to accom-
modate or embed such highly complex modules or printed
circuit board regions in a printed circuit board region
constituting a carrier, for instance, as a function of standard
dimensions to be met by the finished printed circuit board for
further use or for an installation in suitable equipment.

In addition, the method according to the invention as well
as the provision of the printed circuit board according to the
invention allow for simplified electrical contacting, wherein,
by separating partial regions having different structures and
different purposes of use, also mutual influences, e.g., of
high frequency and digital technologies, will be avoided. It
is, in particular, possible to obtain a reduction of the surface
area required for individual partial regions, and to improve
the flexibility both in the construction of printed circuit
boards meeting different demands and in the assemblage of
individual printed circuit board regions.

The coupling proposed by the invention in the region of
at least one mutually adjoining lateral surface or edge, in
addition, allows for the provision of a reliable and simpli-
fied, both mechanical and electrical, connection as compared
to the known prior art, where, in particular, recesses of
modules covering printed circuit boards or printed circuit
board carriers require complex contacting or bonding pro-
cedures. Furthermore, an electrical connection of the indi-
vidual printed circuit board regions can, moreover, be estab-
lished by the arrangement of the additional conductive layer
and the plated-through holes, as already mentioned above.

Particularly when embedding a printed circuit board
region in a corresponding recess or depression of a further
printed circuit board region having, for instance, a simplified
structure, soldering for connecting individual printed circuit
board regions can be renounced. Such embedment can, for
instance, be realized by gluing or casting, whereby, after an
accordingly simple connection or coupling, also an, option-
ally required, simplified insertion of further components will
be enabled.

The method according to the invention and the printed
circuit board produced according to the invention, further-
more, make available to a user printed circuit boards that
have integrated all functions due to the connection or
coupling as well as contacting of individual printed circuit
board regions, so that no complex connection by the appli-
cation or fixation of separately produced printed circuit
board regions or modules will, for instance, be required on
the user or customer side.

SHORT DESCRIPTION OF THE DRAWINGS

In the following, the invention will be explained in more
detail by way of exemplary embodiments schematically
illustrated in the accompanying drawing. Therein:
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FIG. 1 shows a schematic section through a first embodi-
ment of a printed circuit board according to the invention,
which is produced by the method according to the invention;

FIG. 2 shows a section through a modified embodiment of
a printed circuit board according to the invention in an
illustration similar to that of FIG. 1, FIG. 24 additionally
indicating a printed circuit board region (16') to be replaced;

FIG. 3 shows a section through a further modified
embodiment of a printed circuit board according to the
invention, wherein printed circuit board regions connected
to one another are covered by the arrangement of additional
layers or structures;

FIG. 4 is a top view of a further modified embodiment of
a printed circuit board according to the invention, with the
arrangement and connection of different printed circuit
board regions being indicated;

FIG. 5, in an illustration similar to that of FIG. 4, depicts
a further modified embodiment of a printed circuit board
according to the invention including a plurality of printed
circuit board regions connected or coupled to one another;

FIG. 6 is a schematic section through a partial region of
a further modified embodiment of a printed circuit board
according to the invention, wherein mutually complemen-
tary profilings for connecting or coupling the printed circuit
board regions to be connected to one another are indicated;

FIGS. 7, 8 and 9 depict further schematic sectional views
of connections of printed circuit board regions of printed
circuit boards according to the invention, with a printed
circuit board region being each received or embedded in a
respective recess or depression of another printed circuit
board region;

FIG. 10 illustrates a further modified embodiment of, in
particular, mutually complementary profilings or coupling
elements of printed circuit board regions to be connected to
one another, of a printed circuit board according to the
invention; and

FIGS. 11 and 12 are further schematic illustrations of
connection regions, or coupling elements disposed therein,
of printed circuit board regions to be connected to one
another, of printed circuit boards according to the invention;

FIG. 13 illustrates a section through a further modified
embodiment of a printed circuit board according to the
invention, in which a replaced printed circuit board region is
integrated;

FIG. 14 shows a printed circuit board according to FIG.
13, in which interconnected printed circuit board regions are
additionally connected by the arrangement of a conductive
structure;

FIG. 15 depicts schematic views of method steps of the
production of a rigid-flexible printed circuit board according
to the invention using the method of the invention, FIG. 154
indicating the production of flexible printed circuit board
regions with at least on adjoining transition region, FIG. 156
indicating the separate production of rigid printed circuit
board regions to be connected to the flexible printed circuit
board regions produced according to FIG. 154, and FIG. 15¢
indicating the removal of flexible printed circuit board
regions on the production format according to FIG. 154 and
their insertion into the production format according to FIG.
155 comprising rigid printed circuit board regions; and

FIG. 16, on an enlarged scale, illustrates a partial section
through a rigid-flexible printed circuit board as produced
according to the embodiment of FIG. 15.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In FIG. 1, three printed circuit board regions 1, 2 and 3 to
be connected to one another are schematically illustrated, the
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different setups or structures being schematically indicated
by the use of different numbers of layers or plies. In addition,
schematically indicated structures such as passages or vias 4
and 5 as well as components or elements 6 and 7 integrated
in the individual layers or plies are provided in the printed
circuit board regions 1, 2 and 3. Moreover, patterns of
conductive structures 8 are, in particular, indicated on the
surfaces of the individual printed circuit board regions, said
structures 8 being formed in a conductive layer applied after
the connecting or coupling of the printed circuit board
regions 1, 2 and 3.

In the region of respectively adjoining lateral surfaces 9
and 10 as well as 11 and 12 of the printed circuit board
regions 1, 2 and 3 to be connected to one another, a
mechanical connection of the printed circuit board regions 1,
2 and 3 is effected in addition to an electric coupling or
connection, for instance by gluing or soldering of the
individual printed circuit board regions, as is additionally
indicated beside the structures or patterns 8 of the conduc-
tive layer, for instance, by means of a device 13 for coupling
between the printed circuit board regions 1 and 2 and, for
instance, provided in the form of a printed connection 14 for
connecting printed circuit board regions 2 and 3.

In addition, plated-through holes 8' are apparent both
from the structures 8 on the upper side of the printed circuit
board regions 1, 2 and 3 to be connected to one another and
on the lower side, structures 8 of a further conductive layer
being also indicated.

The printed circuit board region 1 can, for instance, be
formed by a simple printed circuit board element or region,
which is patterned on both sides. By contrast, the printed
circuit board region 2 can, for instance, be a multilayer
high-frequency printed circuit board region, which is in turn
coupled to the multilayer digital printed circuit board region
3.

The individual printed circuit board regions 1, 2 and 3 can
be separately produced in accordingly optimized production
processes, after which they are combined with one another
to form a printed circuit board fulfilling a plurality of
different functions.

Instead of the connection indicated in FIG. 1, between the
individual printed circuit board regions 1, 2 and 3, the
connections depicted in the following Figures and compris-
ing partially complementary or positive profilings can also
be used.

FIG. 2, in a manner similar to the illustration according to
FIG. 1, depicts a modified embodiment of a printed circuit
board again consisting of a plurality of printed circuit board
regions 15, 16 and 17, wherein it is again apparent that the
individual printed circuit board regions 15, 16 and 17 have
different structures and/or complexities.

In the printed circuit board region 15, passive components
18 are, for instance, included. By 19, patterns of a conduc-
tive layer applied after connecting the printed circuit board
regions 15, 16 and 17 are again indicated, wherein plated-
through holes or through-hole paths to layers arranged
therebelow and/or components 18 are indicated by 19'.

Mechanical connecting or coupling in the region of the
mutually adjoining lateral surfaces or edges again denoted
by 9 and 10 and 11 and 12, respectively, is again performed
as in the preceding embodiment.

FIG. 2, in addition, schematically indicates that, for
instance, at the occurrence of an error of the printed circuit
board region 16, e.g. after an extended use of these printed
circuit board regions 16, a separation is again effected in the
region of the mutually adjoining lateral surfaces 9, 10 and
11, 12, for instance by using a laser, whereupon a new
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functional printed circuit board region 16 can again be
connected to the printed circuit board regions 15 and 17. In
this manner, highly complex and accordingly expensive
printed circuit board regions can, for instance, be replaced,
thus avoiding an exchange of the whole printed circuit
board.

From FIG. 3, a further schematic illustration of a printed
circuit board produced of printed circuit board regions 20,
21 and 22 is apparent, wherein, besides the simple structures
of the printed circuit board regions 20 and 22, the central
printed circuit board region 21 comprises a highly complex
structure as indicated by a plurality of through-hole paths or
vias 23. The multilayer structure of the printed circuit board
region 21 is indicated by additional patterns 24 made of, in
particular, conductive material and provided on different
levels or plies.

From FIG. 3, it is moreover apparent that, after connect-
ing or coupling of the printed circuit board regions 20, 21
and to be connected to one another, additional layers or plies
25, 26 of a multilayer printed circuit board are applied,
particularly on both sides, so that the printed circuit board
regions 20, 21 and 22 connected to one another are substan-
tially fully integrated or incorporated in a thus completed
printed circuit board.

The contacting of individual partial regions of the printed
circuit board regions 20, 21 and 22, or of inwardly disposed
conductive structures 24, is realized via plated-through holes
23 which are connected to patterns of the conductive layer
26 after having penetrated the insulating or non-conductive
layer 25.

From the schematic top views of FIGS. 4 and 5, it is
apparent that printed circuit board regions to be connected,
unlike in the embodiments particularly illustrated in FIGS.
1, 2 and 3, where adjacently located printed circuit board
regions are connected to each other, are correspondingly
inserted in partial regions of a base carrier so as to enable a
connection of such printed circuit board regions not only on
a lateral surface or side edge.

In the illustration according to FIG. 4, a printed circuit
board region 27 having, for instance, substantially square
outer dimensions is connected or coupled to a printed circuit
board region 28 comprising a corresponding recess.

Besides a mechanical connection or coupling as already
indicated above and subsequently explained in more detail,
the embodiment illustrated in FIG. 4, for instance, addition-
ally comprises wires 29 for the electric coupling of indi-
vidual regions. Instead of using wires 29, a connection of
conducting or conductive regions (not illustrated) of the
individual partial regions 27 and 28 can also be realized by
appropriate connectors or plugs, or by bonding.

From the illustration according to FIG. 5, it is apparent
that different printed circuit board regions 30, 31 and 32 are
integrated or received in printed circuit board regions 34
optionally having simpler setups such that the printed circuit
board regions 30, 31 and 32 are each connected to the
surrounding printed circuit board region 34 substantially
relative to their entire peripheries.

FIG. 6 schematically indicates a connection between
printed circuit board regions 35, 36 and 37, wherein, for
instance, contrary to the embodiments illustrated in FIGS. 1,
2 and 3, in which substantially plane lateral surfaces are
provided in an adjacent manner, the mutually adjoining
lateral surfaces are formed with coupling elements or pro-
filings 38 and 39 which, in the illustration according to FIG.
6, result in a substantially stepped structure.

In addition to an accordingly simplified mechanical cou-
pling via step-like complementary profilings 38 and 39, of

20

25

30

35

40

45

50

55

60

65

12

the printed circuit board regions 35, 36 and 37 to be
connected to one another, the electrical contacting of indi-
vidual partial regions, in the region of these partially over-
lapping coupling elements 38 and 39, can also be directly
effected, for instance by providing conductive bores or vias
or appropriate through-hole paths or plated-through holes, as
is schematically indicated by 40. Besides such electrical
contacting 40, mechanical connections formed, for instance,
by rivets or pins, may further be provided.

FIGS. 7, 8 and 9, furthermore, depict schematic embodi-
ments of connections of printed circuit board regions,
wherein a recess or depression 42, 43 and 44, respectively,
is each provided in a printed circuit board region 41 option-
ally having a simple structure. Printed circuit board regions
45, 46 and 47 of, in particular, appropriate outer dimensions
are inserted in the recesses or depressions, 42, 43 and 44,
respectively, so as to ensure the embedment, and hence
accordingly secured fixation, of the individual printed circuit
board regions 45, 46 and 47 by the arrangement or fixation
of the printed circuit board regions 45, 46 and 47 in the
recesses or cavities or hollow spaces of the printed circuit
board region 41.

The fixation in such recesses or depressions 42, 43, 44
can, for instance, be effected by gluing or simple press-
fitting. Concerning electrical contacting options, it is
referred to the preceding embodiments.

In this manner, highly complex printed circuit board
regions 45, 46, 47 optionally having small dimensions can,
in particular, be inserted in printed circuit board regions 41
optionally having simpler structures.

In FIGS. 10, 11 and 12, further modified embodiments of
a particularly mechanical connection between printed circuit
board regions to be connected to one another are illustrated.

In the embodiment according to FIG. 10, respectively
outwardly disposed printed circuit board regions 48 and 49,
in the region of the mutually adjoining lateral surfaces 50
and 51, each comprise an incision or depression 52, 53, in
which the respective projections 54 and 55 of a central
printed circuit board region 56 to be coupled thereto are
readily coupleable. Such complementary depressions or
recesses 52, 53 and projections 54, 55 are, in particular, able
to provide an accordingly safe mechanical connection
between the individual printed circuit board regions.

Further modified embodiments are illustrated in FIGS. 11
and 12, wherein additional recesses or depressions 61 and 62
or 63 and 64, respectively, are provided or indicated in the
region of the lateral surface 59 and 60 to be connected,
between schematically indicated printed circuit board
regions 57 and 58, wherein, in order to ensure proper
mechanical coupling, additional coupling elements 65 and
66 are respectively provided, which, for instance by an
adhesive 67 schematically indicated in the region of the
connection site, will result in a proper connection of the
mutually adjoining printed circuit board regions 57 and 58
to be connected to one another.

For the sake of simplicity of the illustrations, FIGS. 4 to
12, which basically relate to different connections, do not
show the conductive material layer to be additionally
applied after having connected the printed circuit board
regions, nor do they indicate the required plated-through
holes except for FIG. 6.

FIG. 13 depicts a further modified embodiment, in which
a printed circuit board region has been removed from a
completed printed circuit board 68, e.g. after an extended
period of use or a failure of a printed circuit board region,
for instance by partially separating the printed circuit board
68 by the aid of a laser, and after this a new functional
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printed circuit board region 69 has been inserted, with a
plurality of non-conducting layers of larger thicknesses and
accordingly thinner conducting layers being indicated. The
conductive structure or layer 70 of the printed circuit board
68 was not severed to replace the, for instance, defect printed
circuit board region, and the new functional printed circuit
board region 69 was inserted in place of the removed printed
circuit board region, the contacts or plated-through holes 71
in the region of the conductive structure 70 having been
maintained unchanged. Such a replaced printed circuit board
region 69 will subsequently be again connected with the
remaining printed circuit board regions 72 and 73 of the
printed circuit board 68 by gluing, laminating, bonding or
the like. With such a use, an accordingly complex and
expensive defect printed circuit board region can, for
instance, be replaced with an identical or even modified
printed circuit board region 69 such that the complete
substitution of the entire circuit board can be renounced.

Finally, all other elements of the original printed circuit
board 68 such as devices 74 and contacts 71 can be retained.

FIG. 14 depicts a modified variant of the substitution for
aprinted circuit board region, in which, for instance, a defect
printed circuit board region has again been removed from a
printed circuit board 75, wherein, as pointed out in connec-
tion with FIG. 13, a conductive structure 76 covering the
entire circuit board 75 was not severed when removing the
printed circuit board region. After having inserted a new
printed circuit board region 77 into the printed circuit board
75 and connected this printed circuit board region with the
printed circuit board regions 78 and 79 of the printed circuit
board 75 by bonding, gluing, soldering or the like, an
additional conductive structure 80 is applied either over the
entire printed circuit board 75 rendered functional again or,
e.g., only on the new printed circuit board region 77, so that
the entire circuit board 75 will be covered by the additional
conductive layer or structure 80. This conductive region 80
is additionally provided with devices 81. Similarly as with
the configuration according to FIG. 13, the contacts or
plated-through holes 82 provided in the region of the con-
ductive structure 76 in this variant can, in particular, be
maintained unchanged, thus enabling a particularly rapid
and cost-effective replacement of a defect printed circuit
board region. Appropriate feedthroughs 82 are also provided
in the conductive layer or structure 80 disposed on the upper
surface.

For the printed circuit board regions schematically illus-
trated in the preceding Figures, different circuit board ele-
ments can be used as already indicated, the latter being, for
instance, comprised of high-frequency parts, HDI circuit
boards, substrate circuit boards, flexible, rigid-flexible or
semi-flexible circuit board regions or, optionally, ceramic
circuit board regions.

To produce recesses or free spaces for receiving printed
circuit board regions as are, for instance, apparent from the
illustrations according to FIGS. 4 and 5, milling, punching,
laser or water jet cutting, plasma etching or the like may, for
instance, be applied. By appropriate milling or punching or
cutting, mutually adjoining lateral surfaces or edges can be
formed with matching profiles, e.g. in the form of steps as
illustrated in FIG. 6.

The recesses or depressions illustrated in FIGS. 7, 8 and
9 can, for instance, be provided by pressing, imprinting or by
clearing the respective recesses or depressions.

In addition to the above-mentioned options of providing
a mechanical connection by gluing or press-fitting, a
mechanical connection between the printed circuit board
regions to be connected to one another may also be effected
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by laminating, soldering or a galvanic connection. Further-
more, a connection can be made by ultrasonic welding, laser
welding or riveting or pinning as already indicated with
reference to FIG. 6.

An electrical connection between the individual conduct-
ing or conductive regions of the printed circuit board regions
to be connected to one another, in addition to the formation
of through-hole paths or plated-through holes, conducting
bores or vias as already indicated above, can be realized by
arranging components or devices bridging the printed circuit
board regions to be connected to one another, by gluing, e.g.
by using an anisotropic adhesive or adhesive tape, by
welding, again by riveting or pinning, by an optical con-
nection of by the aid of conductive pastes and/or foils. Such
conductive dyes or inks can be applied by printing methods.

Instead of the substantially complete sheathing or embed-
ment illustrated in FIGS. 7, 8 and 9, of the printed circuit
board regions 45, 46 and 47 to be incorporated, hollow
spaces may also be left in the region of the recesses 42, 43
or 44 after the incorporation or insertion of the printed
circuit board regions 45, 46 and 47 to be incorporated.

From the illustration according to FIG. 15a of a further
modified embodiment, it is apparent that a plurality of
flexible printed circuit board regions denoted by 90 are
incorporated in a common carrier element 91 and processed
within the same according to known method steps for the
production of printed circuit boards, wherein FIG. 15a
shows that a comparatively large production format or
carrier element 91 is used as compared to known embodi-
ments. From FIG. 154, it is, moreover, apparent that the
usually more expensive, flexible material used for the pro-
duction of the flexible partial regions 90 can be utilized in an
accordingly optimized manner, since in the method step
represented in FIG. 154 a large number of in each case
flexible partial regions 90 are produced at small mutual
distances, over which also the flexible circuit board material
extends.

Similarly, and as illustrated in FIG. 154, a plurality of
rigid printed circuit board regions 92 are produced in a
separate production method, said plurality of rigid printed
circuit board regions 92 being received in a carrier element
denoted by 93. In the region of the flexible partial regions 90
to be subsequently inserted, as illustrated in detail in FIG.
15¢, free spaces or intervals 94 are each provided between
subsequently cooperating rigid printed circuit board regions
92. The rigid printed circuit board regions 92 are likewise
processed and produced according to production processes
known for the formation of, in particular, multilayer printed
circuit boards.

From the illustration according to FIG. 15¢, it is apparent
that after having completed the flexible printed circuit board
regions 90 the latter are removed from the carrier element
91, for instance by separation methods known per se,
wherein it is apparent from the illustration according to FIG.
15¢ that each of the flexible elements comprises a transition
region 95 of rigid material, whereby coupling with the rigid
printed circuit board regions 92 is performed by the aid of
said transition region 95 during insertion into the free spaces
94.

The coupling of the individual partial regions 90 and 92
is schematically illustrated in FIG. 16, from which it is
apparent that the flexible partial region 90 comprises a
flexible material region schematically denoted by 96, which
is followed by the transition regions again denoted by 95.

In the region of the separation line 97 indicated in broken
lines, coupling occurs between the transition regions 95 and
the rigid partial regions 92 following thereupon. In the



US 9,491,862 B2

15

illustration according to FIG. 16, electrical couplings 98 are,
moreover, indicated, via which direct coupling between
conductive elements of the flexible material 96 and the
consecutively arranged rigid regions 95 as well as 92 by the
aid of a conductive layer 99 disposed in the region of the
separation line 97 after coupling or connecting is thus
effected. An insulating or non-conductive layer may be
provided below the conductive layer 99 as a function of the
structure of the printed circuit board regions 92 and 95 to be
connected.

From the illustration according to FIG. 16, it is, moreover,
apparent that the more expensive, flexible printed circuit
board material 96 actually extends substantially only over
the flexible partial region 90 and in the immediately adjoin-
ing transition regions 95, while the flexible circuit board
material, unlike in known embodiments according to the
prior art, is not present in the adjoining, rigid regions 92.

The schematically indicated coupling or connection in the
region of the separation line 97 in this case is realized
according to the connections discussed in detail in the
preceding exemplary embodiments, in the region of mutu-
ally adjoining surfaces or end faces of printed circuit board
regions to be connected to one another.

The invention claimed is:
1. A method for producing a printed circuit board com-
prising the following steps in the following order:

providing two printed circuit board regions each compris-
ing horizontal surfaces and vertical surfaces, wherein
the printed circuit board regions each comprise at least
one conductive layer and/or at least one device or one
conductive component;

placing the printed circuit board regions on a common
plane that is parallel to the horizontal surfaces of the
printed circuit board regions and directly adjoining the
printed circuit board regions by a coupling or connec-
tion;

applying a common insulating or nonconductive layer on
the printed circuit board regions connected to one
another; and

applying at least one common further conductive layer on
the common insulating or non conductive layer,
wherein the at least one common further conductive
layer is contact-connected via plated-through holes
extending through the common insulating or non-con-
ductive layer to conductive layers or devices or com-
ponents integrated in the printed circuit board regions
connected to one another;

wherein at least one mutually complementary coupling
element is each formed on mutually adjoining lateral
surfaces of the printed circuit board regions to be
connected to one another, via which coupling element
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coupling or connecting to the respectively adjoining
printed circuit board region is effected.

2. The method according to claim 1, wherein, after having
connected or coupled printed circuit board regions to be
connected to one another and after having arranged or
applied at least one additional conducting or conductive
layer or ply, the structuring or patterning of conducting or
conductive layers of the printed circuit boards and/or the
mounting of additional electronic components or devices on
the printed circuit board is/are effected.

3. The method according to claim 1, wherein an electrical
connection of electrically conducting or conductive regions
or elements of the printed circuit board regions to be
connected to one another and/or layers of additional plies or
additional elements is formed by soldering, gluing, welding,
riveting or pinning, by vias or passages, conductively made
bores, conductive pastes, conductive foils or wires, elec-
tronic devices or components or optical connections.

4. The method according to claim 1, wherein coupling or
connecting of the printed circuit board regions to be con-
nected to one another is effected by gluing, press-fitting,
laminating, bonding, welding, soldering, a galvanic connec-
tion and/or by arranging or fixing components of the printed
circuit board.

5. The method according to claim 1, wherein mutually
complementary coupling elements are positively connected
to each other.

6. The method according to claim 1, wherein mutually
adjoining lateral surfaces of printed circuit board regions to
be connected to one another are formed with mutually
complementary profilings, particularly in the form of
stepped and/or through-going recesses or depressions.

7. The method according to claim 1, wherein recesses or
depressions for receiving printed circuit board regions
extend over several layers or plies of multilayer printed
circuit board regions.

8. The method according to claim 1, wherein the printed
circuit board regions to be connected to one another are
formed by flexible, rigid, rigid-flexible or semi flexible
printed circuit board regions and/or high-frequency, HDI,
substrate or ceramic printed circuit board regions.

9. The method according to claim 1, wherein a flexible
printed circuit board region with at least one adjoining
transition region is cut out of a carrier element comprising
a plurality of the flexible printed circuit board regions and is
inserted in a respective recess of a carrier element likewise
comprising a plurality of rigid printed circuit board regions
for the coupling or connection with at least one rigid printed
circuit board region to be connected thereto of the plurality
of the rigid printed circuit board regions.
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