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ELECTRONIC MODULE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present invention is a continuation of U.S.
application Ser. No. 16/104,979 filed Aug. 20, 2018, which
is a continuation of U.S. application Ser. No. 14/467,079,
now U.S. Pat. No. 10,085,345, filed Aug. 25, 2014, which is
a continuation-in-part of U.S. application Ser. No. 12/603,
324, now U.S. Pat. No. 8,817,485 filed Oct. 21, 2009, which
was a continuation-in-part of U.S. application Ser. No.
11/907,795, now U.S. Pat. No. 7,609,527 which was filed on
Oct. 17, 2007, which was a continuation of U.S. application
Ser. No. 10/546,820, now U.S. Pat. No. 7,299,546 which
was filed Aug. 25, 2005, which was a National Stage Entry
of PCT/F12004/000101 which was filed on Feb. 25, 2004
which claims priority to FI20030292 which was filed on
Feb. 26, 2003. All of the above mentioned applications and
patents are incorporated herein by reference in their entirety.

SUMMARY OF THE INVENTION

[0002] The present invention relates to an electronic mod-
ule. In particular, to an electronic module which includes
one or more components embedded in an installation base.
The electronic module can be a module like a circuit board,
which includes several components, which are connected to
each other electrically, through conducting structures manu-
factured in the module. The components can be passive
components, microcircuits, semiconductor components, or
other similar components. Components that are typically
connected to a circuit board form one group of components.
Another important group of components are components
that are typically packaged for connection to a circuit board.
The electronic modules to which the invention relates can,
of course, also include other types of components.

[0003] The installation base can be of a type similar to the
bases that are generally used in the electronics industry as
installation bases for electrical components. The task of the
base is to provide components with a mechanical attachment
base and the necessary electrical connections to both com-
ponents that are on the base and those that are outside the
base. The installation base can be a circuit board, in which
case the construction and method to which the invention
relates are closely related to the manufacturing technology
of circuit boards. The installation base may also be some
other base, for example, a base used in the packaging of a
component or components, or a base for an entire functional
module.

[0004] The manufacturing techniques used for circuit
boards differ from those used for microcircuits in, among
other things, the fact that the installation base in microcircuit
manufacturing techniques, i.e. the substrate, is of a semi-
conductor material, whereas the base material of an instal-
lation base for circuit boards is some form of insulating
material. The manufacturing techniques for microcircuits
are also typically considerably more expensive that the
manufacturing techniques for circuit boards.

[0005] The constructions and manufacturing techniques
for the cases and packages of components, and particularly
semiconductor components differ from the construction and
manufacture of circuit boards, in that component packaging
is primarily intended to form a casing around the compo-
nent, which will protect the component mechanically and
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facilitate the handling of the component. On the surface of
the component, there are connector parts, typically protru-
sions, which allow the packaged component to be easily set
in the correct position on the circuit board and the desired
connections to be made to it. In addition, inside the com-
ponent case, there are conductors, which connect the con-
nector parts outside the case to connection zones on the
surface of the actual component, and through which the
component can be connected as desired to its surroundings.
[0006] However, component cases manufactured using
conventional technology demand a considerable amount of
space. As electronic devices have grown smaller, there has
been a trend to eliminate component cases, which take up
space, are not essential, and create unnecessary costs. Vari-
ous constructions and methods have been developed to solve
this problem.

[0007] One known solution is flip-chip (FC) technology,
in which non-packaged semiconductor components are
installed and connected directly to the surface of the circuit
board. However, flip-chip technology has many weaknesses
and difficulties. For example, the reliability of the connec-
tions can be a problem, especially in applications, in which
mechanical stresses arise between the circuit board and the
semiconductor component. In an attempts to avoid mechani-
cal stresses, a suitable elastic underfill, which equalizes
mechanical stresses, is added between the semiconductor
component and the circuit board. This procedural stage
slows down the manufacturing process and increases costs.
Even the thermal expansion caused by the normal operation
of a device may cause mechanical stresses large enough to
compromise the long-term reliability of an FC structure.
[0008] U.S. Pat. No. 4,246,595 discloses one solution, in
which recesses are formed in the installation base for the
components. The bottoms of the recesses are bordered by an
insulation layer, in which holes are made for the connections
of the component. After this, the components are embedded
in the recesses with their connection zones facing the bottom
of the recess, electrical contacts being formed to the com-
ponents through the holes in the insulation layer. In such a
method, problems can arise, for instance, when aligning the
feed-throughs with the contact zones of the component. This
is because the feed-throughs must be aligned relative to
components lying under the insulation layer. In other ways
too, the method does not correspond to the technology used
nowadays (the patent dates from 1981).

[0009] JP application publication 2001-53 447 discloses a
second solution, in which a recess is made for the compo-
nent in the installation base. The component is placed in the
recess, with the component’s contact zones facing towards
the surface of the installation base. Next, an insulation layer
is made on the surface of the installation base and over the
component. Contact openings for the component are made
in the insulation layer and electrical contacts are made to the
component, through the contact openings. In this method
too, the alignment of the feed-throughs with the contact
zones of the component can cause problems, as the align-
ment must be made relative to a component lying under the
insulation layer. In the method, considerable accuracy is
demanded in manufacturing the recess and setting the com-
ponent in the recess, so that the component will be correctly
positioned, to ensure the success of the feed-throughs,
relative to the width and thickness of the installation board.
[0010] In general too, the connection of components
through feed-throughs made in the insulation layer creates a
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challenge to techniques, in which an attempt is made to
embed components inside a circuit board or other installa-
tion base. Problems can arise, for example, due to the
alignment precision, the stress created on the surface of the
component by the manufacture of the hole, and by the
covering of the edge areas of the feed-through by conductive
material. Even a partial reduction of the problems relating to
feed-throughs would be beneficial to the low-cost manufac-
ture of reliable electronic modules that include unpackaged
components embedded in an installation base. On the other
hand, embedding a component inside an installation base
will allow the construction to better withstand mechanical
stress, which has been a problem in flip-chip technology.
[0011] The invention is intended to create a method, with
the aid of which unpackaged components, such as semicon-
ductor components and particularly microcircuits, can be
attached and connected reliably and economically to their
installation base.

[0012] The invention is based on using an installation
base, which includes a layer of insulating material and a
conductor layer on the surface of the layer of insulating
material. The conductor layer also covers the installation
cavity of the component. The component is placed in the
installation cavity in such a way that the contact zones face
towards the conductor layer, electrical contacts then being
formed between the contact zones of the component and the
conductor layer. After this, conductor patterns are formed
from the conductor layer, to which the component is con-
nected. In the method, both the components and the con-
ductive patterns are aligned relative to the installation base,
so that they are also aligned relative to each other. At least
one alignment mark for the alignment is made in the
installation base.

[0013] More specifically, the method according to the
invention is characterized by what is stated in Claim 1.
[0014] Considerable advantages are gained with the aid of
the invention. This because it is possible, with the aid of the
invention, to embed unpackaged components in an installa-
tion base, reliably and economically.

[0015] Because the components can be embedded inside
the installation base, in preferred embodiments it is possible
to achieve a reliable and mechanically durable construction.
[0016] With the aid of the invention, it is also possible to
reduce the number of the problems that appear in the prior
art, which are caused by the feed-throughs relating to
connecting the components. This is because the invention
has embodiments, in which there is no need at all to make
feed-throughs, the components being instead connected,
already in the installation stage, to the conductor membrane,
from which the conductors leading to the components of the
electronic module are made.

[0017] In the embodiments, the components, of which
there may be one or several, are installed on their installation
base, such as a circuit board, during the manufacture of the
base, so that the base structure, is as it were, manufactured
around the component. The components become embedded
and attached as desired to this base structure.

[0018] In the embodiments of the invention, it is thus
possible to manufacture a circuit board, inside which com-
ponents are embedded. The invention also has embodiments,
with the aid of which a small and reliable component
package can be manufactured around a component, as part
of the circuit board. In such embodiments, the manufactur-
ing process is simpler and cheaper that manufacturing
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methods in which separate cased components are installed
and connected to the surface of the circuit board. The
manufacturing method can also be applied to use the method
to manufacture Reel-to-Reel products. Thin and cheap cir-
cuit-board products containing components can be made by
using the methods according to the preferred embodiments.
[0019] The invention also permits many other preferred
embodiments, which can be used to obtain significant addi-
tional advantages. With the aid of such embodiments, a
component’s packaging stage, the circuit board’s manufac-
turing stage, and the assembly and connecting stage of the
components, for example, can be combined to form a single
totality. The combination of the separate process stages
brings significant logistical advantages and permits the
manufacture of small and reliable electronic modules. A
further additional advantage is that such an electronic-
module manufacturing method can mostly utilize known
circuit-board manufacturing and assembly technologies.
[0020] The composite process according to the embodi-
ment referred to above is, as a totality, simpler that manu-
facturing a circuit board and attaching a component to the
circuit board using, for example, the flip-chip technique. By
using such preferred embodiments, the following advan-
tages are obtained, compared to other manufacturing meth-
ods:

[0021] Soldering is not needed in the connections of the
components, instead an electrical connection between
the connection zones on the surface of the component
and the metal membrane of the installation base is
created, for example, by ultrasonic welding, thermo-
compression, or some other such method, in which the
temperatures required to achieve electrical connec-
tions, though high, are of short duration and local, and
in which high temperatures are not required over a wide
area. This means that the connection of a component
does not need metal being maintained molten for a long
time with its associated high temperature. Thus, the
construction is made more reliable than soldered con-
nections. Particularly in small connections, the brittle-
ness of the metal alloys create large problems. In a
solderless solution according to a preferred embodi-
ment, it is possible to achieve clearly smaller construc-
tions than in soldered solutions. The manufacturing
method can even be designed so that, during the
connection process of a component, heat is brought
only to the area of the connection, so that the areas most
strongly heated are the connection zone of the compo-
nent and the area to which the component is connected.
Elsewhere in the structure the temperature remains low.
This gives greater freedom of choice when selecting the
materials of the installation base and the components.
If ultrasonic welding is used as the connection method,
higher temperatures may only be required to harden the
fillers used. Polymer membranes, which are hardened
other than through the effect of heat, for example,
chemically or with the aid of electromagnetic radiation,
such as UV light, can also be used in the method. In
such a preferred embodiment of the invention, the
temperature of the installation base and components
can be kept very low during the entire process, for
example, at less than 100° C.

[0022] As smaller structures can be manufactured using
the method, the components can be placed closer
together. Thus, the conductors between the components
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also become shorter and the characteristics of the
electronic circuits improve. For example, losses, inter-
ferences, and transit-time delays can be significantly
reduced.

[0023] The method permits a lead-free manufacturing
process, which is environmentally friendly.

[0024] When using a solderless manufacturing process,
fewer undesirable intermetallics also arise, thus
improving the long-term reliability of the construction.

[0025] The method also permits three-dimensional
structures to be manufactured, as the installation bases
and the components embedded in them can be stacked
on top of each other.

[0026] The invention also permits other preferred embodi-
ments. For instance, flexible circuit boards can be used in
connection with the invention. Further, in embodiments, in
which the temperature of the installation base can be kept
low during the entire process, organic manufacturing mate-
rials can be used comprehensively.

[0027] With the aid of embodiments, it is also possible to
manufacture extremely thin structures, in which, despite the
thinness of the structure, the components are entirely pro-
tected inside their installation base, such as a circuit board.

[0028] In embodiments, in which the components are
located entirely inside the installation base, the connections
between the circuit board and the components will be
mechanically durable and reliable.

[0029] The embodiments also permit the design of elec-
tronic-module manufacturing processes requiring relatively
few process stages. Embodiments with fewer process stages
correspondingly also require fewer process devices and
various manufacturing methods. With the aid of such
embodiments, it is also possible in many cases to cut
manufacturing costs compared to more complicated pro-
cesses.

[0030] The number of conductive-pattern layers of the
electronic module can also be chosen according to the
embodiment. For example, there can be one or two conduc-
tive-pattern layers. Additional conductive-pattern layers can
be manufactured on top of these, in the manner known in the
circuit-board industry. A total module can thus incorporate,
for example, three, four, or five conductive-pattern layers.
The very simplest embodiments have only one conductive-
pattern layer and indeed one conductor layer. In some
embodiments, each of the conductor layers contained in the
electronic module can be exploited when forming conduc-
tive patterns.

[0031] In embodiments, in which the conductor layer
connected to a component is patterned only after the con-
nection of the component, the conductor layer can include
conductor patterns even at the location of the component. A
corresponding advantage can also be achieved in embodi-
ments, in which the electronic module is equipped with a
second conductive-pattern layer, which is located on the
opposite surface of the base material of the module (on the
opposite surface of the insulation material layer relative to
the conductive-pattern layer connected to the component).
The second conductor layer can thus also include conductive
patterns at the location of the component. The placing of
conductive patterns in the conductor layers at the location of
the component will permit a more efficient use of space in
the module and a denser structure.
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[0032] In the following, the invention is examined with
the aid of examples and with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1, FIG. 2, FIG. 3A, FIG. 3B, FIG. 4A, FIG.
4B, FIG. 4C, FIG. 5A, FIG. 5B, FIG. 5C, FIG. 6A, FIG. 6B,
FIG. 6C, FIG. 7A, FIG. 7B, FIG. 7C, FIG. 8A, FIG. 8B, and
FIG. 8C show a series of cross-sections of some examples
of manufacturing methods according to the invention and
schematic cross-sectional diagrams of some electronic mod-
ules according to the invention.

[0034] FIG. 9 shows a cross-sectional view of an elec-
tronic module according to the invention, which includes
several installation bases on top of each other.

[0035] FIG. 10, FIG. 11, and FIG. 12 show a series of
cross-sections of some examples of manufacturing methods
according to the invention and schematic cross-sectional
views of an electronic module according to the invention
wherein a flexible sheet is provided as an installation base.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0036] In the methods of the examples, manufacturing
starts from an installation base 1 of an insulating substance,
which is thicker than the components 6 that are later to be
connected to the base. Of course, the method can also be
applied in such a way that the installation base 1 and the
component 6 are equally thick. In some embodiments, it is
also possible to use components 6 that are thicker than the
installation base 1. Using a suitable method, through-cavi-
ties 2, selected to suit the size of the components 6 to be
installed, are made in the insulating material layer 1. The
alignment of the components 6 also requires suitable align-
ment marks, to creation of which several different methods
are available. One possible method is to make small
through-holes 3 near to the installation cavities 2 of the
components 6. The precise alignment of the component
preferably requires at least two through-holes. An unpat-
terned metal film 4, which acts as the conducting surface of
the installation base for the components 6 to be installed and
connected, is made on the first surface 1a of the insulating
substance layer 1. The metal film 4 can be manufactured, for
example, by laminating copper (Cu). The metal film 4 can
also be a surfaced metal film, or some other film including
several layers or several materials. In some embodiments,
for example, a copper film surfaced with a layer of tin or
gold can be used. In these embodiments, the surfacing is
typically made on the side of the insulating material layer 1.
Another possible procedure is for the metal film 4 to include
surfacing only in the area of the installation cavities 2.
[0037] The components 6 are aligned with their installa-
tion cavities 2 with the aid of the alignment holes 3, or some
other alignment marks and the connection zones or contact
protrusions 7 on the surface of the components 6 are
connected to the metal film 4. The connecting can take place,
for example, using the ultrasonic or thermo-compression
methods.

[0038] The ultrasonic method then refers to a method, in
which two pieces containing metal are pressed against each
other while vibration energy at an ultrasound frequency is
brought to the area of the joint. Due to the effect of the
ultrasound and the pressure created between the surfaces to
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be joined, the pieces to be joined are bonded metallurgically.
Methods and equipment for ultrasonic bonding are commer-
cially available. Ultrasonic bonding has the advantage that a
high temperature is not required to form a bond.

[0039] The terms metal layer, metal film, metal contact
bump, metal contact zone, and in general a metal item, refer
to the fact that the manufacturing material of the item
contains enough of at least one metal for the item to form a
metallurgical bond with another item. The item can naturally
also include several metals as layers, accumulations, zones,
or metal alloys. Possible metals include particularly copper,
aluminium, gold, and tin.

[0040] The term thermo-compression method refers in
turn to a method, in which two pieces containing metal are
pressed against each other while thermal energy is brought
to the area of the joint. The effect of the thermal energy and
the pressure created between the surfaces to be joined cause
the pieces to be joined to be bonded metallurgically. Meth-
ods and equipment for thermo-compression bonding are also
commercially available.

[0041] In some embodiments, contact bumps 5, to which
the connection zones or contact protrusions 7 of the com-
ponents 6 are connected, are made on top of the conductive
film 4. In such a method, the contact bumps 5 can also be
used to align the components 6 during the components’
installation stage. The components 6 can, of course, be
aligned with the aid of other alignment marks, for example,
the alignment holes 3, if such are made in the process being
used. In embodiments using contact bumps 5, the procedure
can otherwise correspond to embodiments in which contact
bumps 5 are not used. The use of contact bumps 5 is
justified, for example, if the material of the components’ 6
contact zones or contact protrusions 7 is not directly suitable
for connection to the selected material of the conducting
layer 4. In that case, the material of the contact bumps 5 is
selected to permit a bond using the bumps 5 to be created.
In such embodiments, the contact bumps 5 are thus intended
to match two different conductor materials to each other. For
this purpose, the contact bump 5 can also be manufactured
as a layered structure, containing two or more layers of
possibly differing materials.

[0042] After the connection of the components 6, the
space remaining in the installation cavity 2 around the
component 6 is filled with a suitable filler 8, usually some
kind of polymer filler. The filling is intended to secure the
component 6 mechanically to the insulating material layer 1,
thus achieving a mechanically more durable construction.
The filler material 8 also supports the conductive patterns 14
to be formed later from the conducting layer 4 and protects
the component and the bond between the component 6 and
the conducting layer 4 during the formation of the conduc-
tive patterns 14. In principle, the securing of the component
6 is not, however, an essential operation, especially in
embodiments, in which mechanical durability or a long life
are not demanded of the structure.

[0043] If desired, a conductive film 9, from which con-
ductive patterns 19 can be formed later, can also be made on
the second surface 15 of the insulating material layer 1. The
conductive film 9 can be manufactured in a manner corre-
sponding to that of the conductive film 4 made of the first
surface 1a of the base. The manufacture of a second con-
ductive film 9 is not, however, necessary in simple embodi-
ments and when manufacturing simple electronic modules.
A second conductive film 9 can, however, be exploited in
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many ways, such as additional space for conductive patterns
and to protect the components 6 and the entire module
against electromagnetic radiation (EMC shielding). With the
aid of a second conductive film 9 the structure can be
reinforced and warping of the installation base, for example,
can be reduced.

[0044] The manufacturing processes according to the
examples can be implemented using manufacturing meth-
ods, which are generally known to those versed in the art of
manufacturing circuit boards.

[0045] In the following, the stages of the method shown in
FIGS. 1-8 are examined in greater detail.

[0046] Stage A (FIG. 1):

[0047] In stage A, a suitable sheet 1 of insulating-material
board, from which the body of the installation base is
formed, is selected for the manufacturing process of the
electronic module. The insulating-material layer 1 should
preferably be thicker than the component to be installed. The
component can then be embedded entirely inside the instal-
lation base while the electronic module will be even on both
surfaces. Of course, thicker special components can also be
embedded into the installation base, their rear surface pro-
truding outside the second surface 16 of the insulating-
material layer 1. This can be done particularly if it is not
intended to stack a second electronic module on top of the
electronic module being manufactured. In terms of the
durability of the construction, however, it would be prefer-
able for the components to be embedded entirely inside the
installation base.

[0048] The insulating-material layer 1 can be, for
example, a polymer base, such as a glass-fibre reinforced
epoxy sheet FR4. In embodiments in which high tempera-
tures are not needed in the manufacturing process, the
installation base 1 can also be a cheap and flexible organic
sheet. Other examples of suitable materials for the insulat-
ing-material layer 1 are PI (polyimide), FRS, aramide,
polytetrafluoroethylene, Teflon®, and LCP (liquid crystal
polymer).

[0049] Stage B (FIG. 2):

[0050] In stage B, through-cavities 2 of a suitable size and
shape for the components to be embedded in the sheet are
made in the insulating-material layer 1. The cavities 2 can be
made suitably, for example, using some known method used
in circuit-board manufacture. The cavities 2 can be made, for
example, mechanically by milling, impact, drilling, or with
the aid of a laser. The cavities 2 extend through the entire
insulating-material layer 1, from its first surface 1a to its
second surface 15. If several of the cavities 2 are made, they
are positioned relative to each other within the highest limits
of accuracy possible for the manufacturing method being
used.

[0051] Stage C (FIGS. 3A and 3B):

[0052] The example series of figures shows two alterna-
tive stage Cs. According to a modification of the example
process A (FIG. 3A), in stage C a thin conductive film 4, or
more generally a conducting layer 4 is attached to the second
surface 15 of the insulating-material layer 1. The conductive
film 4 is typically a metal film 4. In several embodiments, a
suitable metal film is a copper (Cu) film, though other metals
and also metal alloys can very well be used. The copper film
can be attached to the insulating-material layer 1, for
example, by lamination. An adhesive layer, which is spread
on the surface of the insulating-material layer 1 or of the
conductive film 4 prior to laminating the conductive film 4,
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can be used to aid the attachment of the conductive film 4.
In the example processes, patterns have not yet been made
in the conductive film 4 at this stage, so that there is no need
to particularly align the film 4 relative to the insulating-
material layer 1. During, or after the attaching of the
conductive film 4, through-holes 3, which can be used later
to align the components in the component installation stage,
can also be made in the installation base. However, it is not
essential to make through-holes 3, as instead other suitable
alignment marks can be used to align the components. If
through-holes 3 are made, it would be best for there to be at
least two of them in the installation base. It is also possible
to proceed so that two through-holes 3 are made for each
component to be installed. In the embodiment shown in the
figures, the through-holes 3 used to align the components
extend through both the insulating-material layer 1 and the
conductive film 4. This has the advantage that the same
alignment marks (the through-holes 3) can be used for
alignment on both sides of the installation base.

[0053] In stage C of the B modification of the example
process (FIG. 3B), the procedure is mainly the same as is the
A modification, except that, in addition to the stages shown
in the A modification, in the B modification contact bumps
5 are made on the surface of the conductive film 4. The
contact bumps 5 can be made in the conductive film 4 prior
to the attachment of the conductive film 4 to the insulating
material layer 1. The contact bumps 5 are then aligned
relative to each other, while in the attachment stage of the
conductive film 4 the conductive film 4, together with the
contact bumps, is aligned relative to the insulating-material
layer 1 and particularly to the installation cavities 2 made in
the insulating-material layer 1. A second alternative is to first
attach the conductive film 4 to the insulating-material layer
1 and after this make the contact bumps 5 on the bottom of
the installation cavities 2. The contact bumps 5 are intended
to connect a component to be installed later to the conduc-
tive film 4. In the example process, the contact bumps 5 are
manufactured from some metallurgically compatible mate-
rial, such as gold (Au). The contact bumps can be made
using some process generally known in the circuit-board
industry. If through-holes 3 are used in the process for
alignment, they can be made in the same stage. The through-
holes 3 can also be made after making the contact bumps 5,
in which case they should be aligned as accurately as
possible relative to the contact bumps 5, or else prior to
manufacturing the contact bumps 5, in which case the
contact bumps 5 are aligned relative to the through-holes 3.

[0054] Stage D (FIGS. 4A, 4B, and 4C):

[0055] Three modifications of Stage D are shown. In the
A modification (FIG. 4A), a component 6, which includes
contact bumps 7 in the connection zones of the component,
is connected to the installation base. The contact bumps 7 of
the component are connected to the conductive layer 4, so
that an electrical contact is formed between the contact
bump 7 and the conductive layer 4. It would be good for the
connection to also withstand mechanical stress, so that the
connection will not be easily broken in later process stages,
or during the operation of the electronic module. The
connection is formed using a suitable connection method,
for example, the ultrasonic and thermo-compression meth-
ods. In the connection stage, the through-holes 3 made for
alignment, or other available alignment marks are used to
align the component 6.
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[0056] In the B modification (FIG. 4B) too, a component
6, which includes contact bumps 7 in the connection zones
of the component, is connected to the installation base. The
difference to the A modification is that, in the B modifica-
tion, contact bumps 5 are also formed on top of the con-
ductive layer 4. The contact bumps 7 of the component are
then connected to the contact bumps 5 of the installation
base. The connection can, as in modification A, be formed
using a suitable connection method, for example, the ultra-
sonic or thermo-compression methods. In the B modifica-
tion, the component can be aligned, according to the
embodiment, using the contact bumps 5, the through-holes
3, or other alignment marks suitable for alignment.

[0057] Inthe C modification of the example process, as in
the B modification, an installation base is used, in which
contact bumps 5 are made on top of the conductor layer 4.
Unlike in the A and B modifications, in the C modification
a component 6 is used, the surface of which has flat contact
zones, but no actual contact bumps 7, or other corresponding
contact protrusions. In the C modification, connection and
alignment are carried out as in the B modification, except
that the connection is formed between the conductive mate-
rial of the contact zones and the contact bumps 5 of the
installation base.

[0058] Stage E (FIGS. 5A, 5B, and 5C):

[0059] In stage E, the space remaining between the com-
ponent 6 and the installation base is completely filled with
a filler 8, which is, for example, some suitable polymer. For
example, epoxy filled with suitable particles can be used as
the polymer. The polymer can be spread using, for example,
some known vacuum-paste-pressing device suitable for the
task. FIGS. 5A, 5B, and 5C show the installation base after
the attachment of a component, in A, B, and correspondingly
C modifications of the process. The purpose of the filler 8 is
to secure the component 6 mechanically to the insulating-
material layer 1, so that the electronic module will better
withstand mechanical stress. In addition, the filler 8 protects
the component 6 during later process stages. Protecting the
component 6 can be particularly beneficial in embodiments,
in which conductive patterns are formed by etching the
conductive layer 4 and in which the surface of the compo-
nent 6 is sensitive to the effect of the etching agent used.
Otherwise, the filling of the installation cavity 2 is in no way
essential and, at least in some embodiments, stage E can be
omitted or performed at a later stage in the process.
[0060] In some embodiments, the installation cavity 2 can
be dimensioned to the size of the component 6, so that a
friction fit is created between the component and the instal-
lation cavity 2, filler 8 then not being necessarily required.
Such an embodiment is, however more challenging in terms
of the manufacturing technology while the final result
remains mechanically weaker than in the embodiments
shown in FIGS. 5A, 5B, and 5C.

[0061] In embodiments, in which conductive patterns are
formed on the second surface 15 of the insulating layer 1, the
manufacture of the conductive patterns can be facilitated by
evening the second surface 15 of the insulating layer 1, with
the aid of a filler 8.

[0062] Stage F (FIGS. 6A, 6B, and 6C):

[0063] FIGS. 6A, 6B, and 6C show the electronic module
after the carrying out of stage F, in modifications A, B, and
C of the process, respectively. Stage F itself is, however,
performed in the same way in each of these modifications.
In stage F, conductive patterns 14 are formed from the
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conductive layer 4 using some suitable method. The con-
ductive patterns 14 can be made, for instance, by removing
the conductive material of the conductive layer 4 from
outside of the conductive patterns. The conductive material
can be removed, for example, using one of the selective
etching methods that are widely used and well known in the
circuit-board industry. If the conductive layer 4 is made from
a special material, the conductive patterns 14 can also
formed in such a way that the conductivity of the conductive
material 4 is removed from outside of the conductive
patterns, for example, with the aid of electromagnetic radia-
tion. When using a conversely reactive material, the material
is put into a conductive state in the area of the conductive
patterns. Thus, the conductive layer 4 is, in the previous
stages of the method, actually the insulating layer, which can
be converted to be conductive with the aid of special
treatment. The manner of forming the conductive patterns 14
is thus not, as such, essential to the manufacture of the
electronic module.

[0064] The conductive patterns are aligned with the aid of
alignment marks made in the installation base. The align-
ment marks can be the same that are used to align the
components, or else separate alignment marks, which are
made at a specific location relative to the alignment marks
used in the alignment of the components. Because the
components and conductive patterns are both aligned rela-
tive to the alignment marks on the installation base, they are
thus also aligned relative to each other.

[0065] Ifthrough-holes 3 are made in the embodiment, the
conductive patterns to be made can be aligned with the aid
of the through-holes 3.

[0066] After stage F, the electronic module includes a
component 6, or several components 6 and conductive
patterns 14, with the aid of which the component or com-
ponents 6 can be connected to an external circuit, or to each
other. The conditions for manufacturing a functional totality
then exist already. The process can thus be designed in such
a way that the electronic module is already finished after
stage F and FIGS. 6A, 6B, and 6C show examples of some
possible electronic modules that can be manufactured using
the example methods. Of course, if it is wished, the process
can also continue after stage F, for example, by making
conductive patterns on the second surface 15 of the insulat-
ing layer 1, or by surfacing the electronic module with a
protective substance.

[0067] Stage G (FIGS. 7A, 7B, and 7C):

[0068] FIGS. 7A, 7B, and 7C show embodiments of the
manufacturing process as A, B, and C modifications, in
which, after stage E, a conductive layer 9 is formed on the
second surface 15 of the insulating layer 1. In the embodi-
ments shown in FIGS. 7A, 7B, and 7C, stage F is thus
omitted, the method moving to stage G directly from stage
E.

[0069] Stage G corresponds to stage C, in which a con-
ductive layer 4 is made on the first surface 1la of the
insulating layer 1. As in stage C, the conductive layer 9 can
be made, for example, by laminating, on the second surface
15 of the insulating layer 1, a type of electrically-conductive
film 9 corresponding to the one on the first surface 1a. The
lamination can exploit an adhesive spread on the surface of
the base or film, and which during the lamination stage
attaches the installation base and the electrically-conductive
film to each other.
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[0070] Stage H (FIGS. 8A, 8B, and 8C):

[0071] Stage H can be carried out after stage G, if it is
wished to pattern the conductive layer 9 formed on the
second surface 15 of the insulating layer 1. Stage H corre-
sponds to stage F, with the difference that, in stage H, in
addition to the conductive patterns 14, other conductive
patterns 19 are formed from the conductive layer 9 made on
the second surface 15 of the insulating layer 1. After
carrying out stage H, the electronic module will include
conductive patterns on both surfaces of the insulating-
material layer 1. The second conductive-pattern layer will
provide more diverse connection possibilities between the
components 6. FIGS. 8A, 8B, and 8C show the electronic
module after the carrying out of stage H, respectively in A,
B, and C modifications of the process. Stage F itself is,
however, carried out in the same way in each of these
modifications.

[0072] After stage H, the electronic module includes a
component 6, or several components 6 and conductive
patterns 14 and 19. The examples of FIGS. 8A, 8B, and 8C
show some possible electronic modules that can be manu-
factured using the example methods. If desired, the process
can continue after stage H, for example, by making a
feed-through, or feed-throughs, with the aid of which suit-
able points in the conductive pattern 14 can be connected
electrically to suitable parts of the conductive pattern 19.
The electronic module can also be surfaced with a protective
substance.

[0073] FIG.9

[0074] FIG. 9 shows a multi-layered electronic module,
which includes three installation bases 1 laminated on top of
each other, together with their components 6, and a total of
six conductive-pattern layers 14 and 19. The installation
bases 1 are attached to each other with the aid of interme-
diate layers 32. The intermediate layer 32 can be, for
example, a pre-preg epoxy layer, which is laminated
between the installation bases 1. After this, holes running
through the module are drilled in the electronic module, in
order to form contacts. The contacts are formed with the aid
of'a conductive layer 31 grown in the holes. With the aid of
the conducts 31 running through the electronic module, the
various conductive-pattern layers 14 and 19 of the installa-
tion bases 1 can be suitably connected to each other, thus
forming a multi-layered functioning totality.

[0075] On the basis of the example of FIG. 9, it is clear
that the method can also be used to manufacture many
different kinds of three-dimensional circuit structures. The
method can be used, for example, in such a way that several
memory circuits are placed on top of each other, thus
forming a package containing several memory circuits, in
which the memory circuits are connected to each other to
form a single functional totality. Such packages can be
termed three-dimensional multichip modules. In modules of
this kind, the chips can be selected freely and the contacts
between the various chips can be easily manufactured
according to the selected circuits.

[0076] The sub-modules (installation bases 1 with their
components 6 and conductors 14 and 19) of a multi-layered
electronic module can be manufactured, for example, using
one of the electronic-module manufacturing methods
described above. Some of the sub-modules to be connection
to the layered construction can, of course, be quite as easily
manufactured using some other method suitable for the

purpose.
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[0077] The examples of FIGS. 1-9 show some possible
processes, with the aid of which our invention can be
exploited. Our invention is not, however, restricted to only
the processes disclosed above, but instead the invention also
encompasses various other processes and their end products,
taking into account the full scope of the claims and the
interpretation of their equivalences. The invention is also not
restricted to only the constructions and methods described
by the examples, instead it is obvious to one versed in the art
that various applications of our invention can be used to
manufacture a wide range of different electronic modules
and circuit boards differing greatly from the examples
described above. Thus, the components and wiring of the
figures are shown only with the intention of illustrating the
manufacturing process. Thus, many alterations to and devia-
tions from the processes of the examples shown above can
be made, while nevertheless remaining within the basic idea
according to the invention. The alterations can relate, for
example, to the manufacturing techniques described in the
different stages, or to the mutual sequence of the process
stages.

[0078] With the aid of the method, it is also possible to
manufacture component packages for connection to a circuit
board. Such packages can also include several components
that are connected electrically to each other.

[0079] The method can also be used to manufacture total
electrical modules. The module can also be a circuit board,
to the outer surface of which components can be attached, in
the same way as to a conventional circuit board.

[0080] FIG. 10 illustrates further embodiments of the
present invention wherein a flexible sheet 10 is provided as
an installation base. Conductive patterns 14 are further
affixed to the flexible sheet. The conductive patterns may be
affixed to the flexible sheet such that the conductive patterns
may flex with the flexible sheet. The conductive patterns
themselves may be flexible. A component, for example a
microchip, is connected to the conductive patterns via flat
contact elements 7. The component may be secured to the
flexible sheet via a filler 11. The filler may be rigid. In certain
embodiments the component may be entirely enclosed in the
filler as illustrated in FIG. 10.

[0081] The filler may provide protection for the compo-
nent. Further benefits of the filler could include providing
structure to the electronic module. At the same time a rigid
filler with a flexible sheet and conductive-pattern layer
allows for varied configurations of the electronic module as
illustrated by FIGS. 11 and 12.

[0082] In the example embodiment illustrated by FIG. 11
two components 6 are enclosed in a filler 11. This filler may
be applied to the components individually prior to the
electronic module being folded. As shown, the flexible sheet
10 and conducive patterns 14 could allow for the electronic
module of FIG. 10 to be folded upon itself to form the
electronic module of FIG. 11.

[0083] FIG. 11 further illustrates two components which
are affixed to the same side of the flexible sheet 10 and yet
oriented differently. Orientation as illustrated in FIG. 11
refers to the direction the contact pads 7 are facing. At least
for some applications, this allows for simpler manufacture
of a multi-layered structure by first manufacturing a single
layer structure on a flexible or semi-flexible basis and then
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manipulating the structure to form a multi-layered structure
with components in at least two different layers.

[0084] FIG. 12 further illustrates an electronic module
which could be formed from the electronic module of FIG.
10. Within FIG. 12 the components 6 are affixed to the
flexible sheet 10 via an affixing agent 12. The conductive
patterns 14 are also affixed to the flexible sheet and con-
nected to at least some of the flat contact zones 7 of the
components. Filler 10 is placed opposite the components
between portions of the flexible sheet. This could serve to
provide electrical isolation between portions of the conduc-
tive patterns. The filler may also provide structure to the
electronic module.

[0085] It is to be understood that the embodiments of the
invention disclosed are not limited to the particular struc-
tures, process steps, or materials disclosed herein, but are
extended to equivalents thereof as would be recognized by
those ordinarily skilled in the relevant arts. It should also be
understood that terminology employed herein is used for the
purpose of describing particular embodiments only and is
not intended to be limiting.

[0086] Reference throughout this specification to “one
embodiment” or “an embodiment” means that a particular
feature, structure, or characteristic described in connection
with the embodiment is included in at least one embodiment
of the present invention. Thus, appearances of the phrases
“in one embodiment” or “in an embodiment” in various
places throughout this specification are not necessarily all
referring to the same embodiment.

[0087] As used herein, a plurality of items, structural
elements, compositional elements, and/or materials may be
presented in a common list for convenience. However, these
lists should be construed as though each member of the list
is individually identified as a separate and unique member.
Thus, no individual member of such list should be construed
as a de facto equivalent of any other member of the same list
solely based on their presentation in a common group
without indications to the contrary. In addition, various
embodiments and example of the present invention may be
referred to herein along with alternatives for the various
components thereof. It is understood that such embodiments,
examples, and alternatives are not to be construed as de facto
equivalents of one another, but are to be considered as
separate and autonomous representations of the present
invention.

[0088] Furthermore, the described features, structures, or
characteristics may be combined in any suitable manner in
one or more embodiments. In the following description,
numerous specific details are provided, such as examples of
lengths, widths, shapes, etc., to provide a thorough under-
standing of embodiments of the invention. One skilled in the
relevant art will recognize, however, that the invention can
be practiced without one or more of the specific details, or
with other methods, components, materials, etc. In other
instances, well-known structures, materials, or operations
are not shown or described in detail to avoid obscuring
aspects of the invention.

[0089] While the forgoing examples are illustrative of the
principles of the present invention in one or more particular
applications, it will be apparent to those of ordinary skill in
the art that numerous modifications in form, usage and
details of implementation can be made without the exercise
of inventive faculty, and without departing from the prin-
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ciples and concepts of the invention. Accordingly, it is not
intended that the invention be limited, except as by the
claims set forth below.

1. An electronic module, comprising:

a first conductive-pattern layer having a first surface,

a second conductive-pattern layer having a second sur-
face,

a flexible insulating-material layer between the first sur-
face of the first conductive-pattern layer and the second
surface of the second conductive-pattern layer,

a component having flat contact zones between the first
surface of the first conductive-pattern layer and the
second surface of the second conductive-pattern layer,
at least some of the flat contact zones being electrically
connected to the first conductive-pattern layer by
means of solderless and metallurgical connections, said
connections each comprising at least one solid contact
bump between the first conductive-pattern layer and the
respective contact zone, and

a filler around the component, the filler securing the
component mechanically to a flexible sheet.

#* #* #* #* #*
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