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MANUFACTURING METHOD AND
ELECTRONIC MODULE WITH NEW
ROUTING POSSIBILITIES

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE 10O RELATED
APPLICATION

This is a reissue of U.S. patent application Ser. No.

13/698, 670, now U.S. Pat. No. 9,301,394, issued on Mar. 29,
2016.

TECHNICAL FIELD

The present invention relates to electronic modules
including a component, such as an active microchip or a
passive component. In addition to the component, such
clectronic modules include at least one wiring layer and a
dielectric between the two.

In particular, the present invention relates to electronic
modules having the component embedded 1n the dielectric.
Such electronic modules may be component packages, smart
cards or circuit boards, for instance. The circuit boards
include boards with one or two wiring layers and also
multilayer circuit boards having several wiring and dielec-
tric layers.

The present invention relates also to methods of manu-
facturing the above-described electronic modules.

BACKGROUND ART

U.S. Pat. No. 6,501,169 (Aoki et al.) discloses a semi-
conductor device of a CSP (Chip Scale Package) structure.

U.S. Patent Application Publication No. 20070034405 Al
(Brown) addresses the problem of increasing routing efli-
ciency in context of area array packages (BGAs and CGAs)
mounted on printed circuit boards (PCB or circuit card). The
technology should be capable of providing all the necessary
escape routes from the electronic device and at the same
time be cost effective. One of the mentioned cost factors 1s
the overall layer count. On the other hand, higher pin counts
and finer pitches require improved routing solutions. The
Brown U.S. publication provides a PCB and BGA package
using rows/columns of micro-vias to create printed wiring,
boards (PWB) routing channels 1n a BGA that couple with
BGA interconnect vias. Simple patterns, created through the
reconfiguration of printed circuit board interconnect struc-
tures, permit an increase in escape densities that i turn
enable the routing of area array devices 1n fewer layers. The
disclosed patterns provide a combination of through and
micro-via iterconnects to achieve a better routing capabil-
ity.

A high wireability microvia substrate 1s discloses also 1n
U.S. Patent Application Publication No. 20060012054 Al
(Memis).

As to the manufacture of the packages itself, U.S. Patent
Application Publication No. 200900353858 Al (Ko et al.),
for instance, discloses using a redistribution substrate for
providing the escape routes from the component. The solu-
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tion of the Ko et al. U.S. publication can effectively provide
the redistribution lines 1n case the number of component

lands 1s not excessive.

U.S. Patent Application Publication No. 20080136003 A1l
(Pendse) discloses a multi-layer semiconductor package
comprising a base substrate with a semiconductor die
mounted on a top side of the base substrate. The package
further comprises an interposer substrate mounted on top of
the die for mounting of additional electronic components.

U.S. Patent Application Publication No. 20040251531 Al
(Yang et al.) discloses a stack type flip-chip package includ-
ing a substrate board, a first chip, a second chip, a packaging
material and a heat sink. The substrate board has bump
contacts and line contacts thereon, wherein the bump con-
tacts connect with the bonding pads on the active surface of
the first chip via bumps. The back surface of the first chip
has a redistribution circuit thereon imncluding bump pads and
line pads exposed by a passivation layer, wherein the bump
pads connect with the bonding pads of the second chip via
bumps, and the line pads are connected to the line contacts
via conductive wires. The package further comprises an
interposer substrate mounted on top of the die for mounting
ol additional electronic components.

U.S. Patent Application Publication No. 20080196930 A1
(Tuominen et al.) discloses a multi-layer circuit board with
an embedded component. In an embodiment, the component
can be connected optionally to either or both of two 1ndi-
vidual conductor pattern layers via electrical contacts manu-
factured by growing conductor material in respective contact
openings. Ability to make contacts to either or both of the
two wiring layers provides an opportunity for the flexible
planning of the contacts of the components, and for the
ellicient use of space in the circuit-board structure.

JP 2001332866 A (MATSUSHITA ELECTRIC) discloses
that an additional wiring pattern 1s made on a semiconductor
component by means of semiconductor manufacturing pro-
cesses. This additional wiring pattern 1s made on a wafer
level betore dicing the water. The additional wiring pattern
can be connected to the conductors of an electronic module
by means of conductive glue or solder.

Thus, the background art contains several different solu-
tions that seek to provide high routing efliciency with an
allordable price of the product. Despite these attempts, there
remains need to seek further techniques with potentially
improved properties 1n view of routing efliciency and price,
in particular when it 1s aimed to increase the number of
contacts of the components and narrow the pitch between
the contact lands or bumps on the component.

DISCLOSURE OF INVENTION

It 1s an object of the present invention to create a new
structure for electronic modules that can economically pro-
vide further possibilities 1n view of routing.

According to an aspect of the invention, there 1s provided
an electronic module, comprising a wiring layer, a dielectric
supporting the wiring layer, and a component that has a first
surface with at least one contact terminal. The first surface
of the component 1s provided with an additional passivation
layer and the component 1s located such that the first surface
with the additional passivation layer 1s 1n contact with the
dielectric. There 1s also provided a conducting pattern on the
additional passivation layer on the first surface of the
component. The conducting pattern 1s spaced apart from
each of the contact terminals, which means that the con-
ducting pattern and the contact terminals are not 1n direct
contact with each other. In the absence of direct contact,
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there 1s also no direct electrical contact between the two but
any possible electrical contacts are made through other
conducting elements of the electronic module. There 1s also
no direct electrical contact between the conducting pattern
and the electrical parts or the electronic devices of the
component. The electronic module further comprises at least
one {irst contact element for making electrical connection
between the wiring layer and the at least one contact
terminal, and at least one second contact element for making,
clectrical connection between the wiring layer and the
conducting pattern.

The conducting pattern on the additional passivation layer
on the first surface of the component allows new possibili-
ties for the design of the electronic modules. Therefore, the
present mvention makes it possible to construct new elec-
tronic modules that can economically provide further pos-
sibilities 1n view of routing, for mstance. At the same time,
the invention provides new possibilities also for the design
of other conductive structures in the electronic modules.
This 1s a considerable advantage and allows several useful
embodiments.

According to an embodiment, the electronic module com-
prises a plurality of contact terminals on the component and
a plurality of first contact elements that connect at least some
of the contact terminals to the wiring layer. In order to
improve the routing capability of the structure, or for some
other reason, the electronic module 1s provided with at least
one conducting pattern on the first surface side of the
component but spaced apart from the contact terminals. The
clectronic module further comprises at least two of said
second contact elements that connect the conducting pattern
to the wiring layer at at least two contact locations. Advan-
tageously, such conducting pattern and said second contact
clements can be designed to provide a redistribution line on
the first surface of the component and thereby to solve a
routing problem without adding a turther wiring layer to the
whole structure.

According to another embodiment, the conducting pattern
can be designed as a planar structure that proves a shield
against electromagnetic interference (EMI) between the
component and the wiring layer. In a further embodiment,
the planar structure 1s connected to a ground potential via at
least one of said second contact elements. This allows
designing component packages and other electronic mod-
ules even such that signal lines and terminal pads are located
over the component. These factors may also contribute
achieving savings 1n size and wiring area. Flexibility of
design 1s also increased by means of such embodiments.

Thus, the conducting pattern on the first surface side of
the component can be used as routing lines, such as so called
redistributing lines, and/or as EMI shield, for instance. In
most typical embodiments using semiconductor compo-
nents, the first surface of the component means a surface of
a passivation layer prepared on the surface of the semicon-
ductor material. According to the embodiments, an addi-
tional passivation layer i1s prepared on the surface of an
underlying passivation layer, 1.e. on the first surface of the
component. The conducting pattern can be manufactured 1n
any form. The conducting pattern can be, for example, an
clongate line, a branched line, a curved line, a plate-like
pattern or any combination thereof.

The term “passivation layer” refers to the passivation
prepared on the surface of the semiconductor component by
means ol semiconductor manufacturing methods. The pas-
sivation layer may therefore be made of suitable nitride or
oxide, for instance. The most typical examples are S10, and
S1,N,. The term ““additional passivation layer” refers to a
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turther passivation layer made on the passivation layer that
forms part of the semiconductor component. This “addi-
tional passivation layer” can be made of polymer or epoxy
based matenial, such as polyimide (PI), polyphenoleether
(PPE) or benzocyclobutene (BCB). The thickness of the
additional passivation layer 1s typically between 3 to 10
micrometers. The term “first surface side” of the component
refers generally to the structures and surface on the side of
the component to which the first surface 1s directed. These
first surface side structures and surfaces include the actual
first surface and also the surface of the additional passivation
layer.

The additional passivation layer provides significant ben-
efits. One of the benefits 1s that the additional passivation
layer equalizes mechanical stresses that are caused by dii-
ferences 1n thermal expansion of the semiconductor and the
conducting pattern manufactured on the first surface side of
the component. Another benefit 1s that the additional passi-
vation layer improves electrical insulation and reduces cou-
pling between the semiconductor circuit and the conducting
pattern. A further benefit 1s that, when some of the contact
lands of the component are not needed for connection, these
contact lands can be covered by the additional passivation
layer. By covering the non-active contact lands, possible
problems with electrochemical migration can be alleviated.
Moreover, by using the additional passivation layer contact
openings for the contact lands of the component can be kept
as small as possible in order to avoid problems with elec-
trochemical migration.

For the above reasons, preferred embodiments comprise
first preparing an additional passivation layer on the surface
of the component and then making the conducting pattern on
the additional passivation layer. The electronic module can
also comprise a conducting track resembling the conducting
pattern but directly connected to at least one of the contact
terminals.

According to a routing embodiment, 1n case the planned
routes include one or a few cross-overs that would require an
addition of a further wiring layer 1n the module, the neces-
sary cross-overs can be prepared with the aid of said second
contact elements and the conducting pattern manufactured
on the surface of the component 1tself. Then, it 1s possible to
dispense with the need of further wiring layer and achieve
the associated savings in manufacturing costs. It 1s also
possible that the thickness of the electronic module can be
reduced by means of the solution according to such an
embodiment. Even the planar surface required by the nec-
essary routing lines could be reduced in such embodiments
as the cross-sections of the microvias manufactured to the
component lands or bumps, and also to the conducting
pattern on the first surface side of the component, are
typically smaller than the cross-sections of the vias typically
used to connect the wiring layers of the circuit board
structure.

Embodiments provide also an economical method for
providing the additional structural elements of the conduct-
ing pattern and second contact elements connected to the
conducting pattern. Namely, according to an embodiment,
the conducting pattern 1s manufactured during a bumping
process used to prepare of finalize the contact terminals of
the component, for example, in a bumping plant of semi-
conductor chips or waters. Thus, no additional manufactur-
ing processes and process steps are required 1n such embodi-
ments. Furthermore, even the second contact elements do
not require additional processes or process steps as they can
be formed during the same manufacturing processes that are
used to form the first contact elements.
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In an embodiment, the manufacture of the electronic
module comprises growing conductive material on the con-
tact terminals of the component to form part of the contact
terminals and simultaneously growing conductive material
on the first surface side of the component to form the
conducting pattern. Thus, the contact terminals and the
conducting pattern can at least partly be made of same
materials. Also the structures of the contact terminals and
conducting pattern can be similar, or have mutually corre-
sponding or even identical parts 1n them. In addition, in case
the electronic module comprises also a conducting track on
the surface of the component that connects to the contact
terminals, such a track can also be manufactured at the same
time and using the same processes.

In another embodiment, which can suitable be used
together with the previous embodiment, the manufacture of
the electronic module comprises growing conductive mate-
rial to form part of the first contact elements and simulta-
neously growing said conductive material to form part of the
second contact elements. Thus, the first contact elements and
the second contact elements can be made of same materials
and can be similar 1n structure.

In a further embodiment, the electronic module comprises
at least two separate conducting lines prepared on the first
surface side of one mdividual component.

In a further embodiment, the electronic module comprises
at least one conducting line that crosses the conducting
pattern between said at least two contact locations. However,
such crossing conducting line and conducting pattern are
separated by a portion of the dielectric.

In a further embodiment, the first wiring layer, the con-
ducting pattern, the component, and the first and second
contact elements are embedded 1n the dielectric.

Thus, 1t 1s clear from the above discussion that there are
also such embodiments that can provide a very compact and
economical structure with good routing etliciency.

BRIEF DESCRIPTION OF DRAWINGS

For a more complete understanding of the present inven-
tion and the advantages thereof, the invention 1s now
described with the aid of the examples and with reference to
the following drawings, 1n which:

FIG. 1 presents a cross-section of an electronic module
according to a first embodiment.

FIG. 2 presents a schematic top view ol an electronic
module according to an embodiment.

FIG. 3 presents a cross-section of an electronic module
according to a second embodiment.

FIG. 4 presents a cross-section of an electronic module
according to a third embodiment.

FIG. 5 presents a cross-section of an electronic module
according to a fourth embodiment.

FIG. 6 presents, as a cross-section, one intermediate
processing step when manufacturing an electronic module
according to an embodiment.

FIG. 7 presents another intermediate processing step after
the step of FIG. 6.

FIG. 8 presents a further mtermediate processing step
alter the step of FIG. 7.

FIG. 9 presents a further mtermediate processing step
alter the step of FIG. 8.

FI1G. 10 presents a further processing step after the step of
FIG. 9.

FIG. 11 presents a cross section of two contacts according,
an embodiment.
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FIG. 12 presents an embodiment wherein a component
has two redistribution layers.

FIG. 13 presents a further embodiment wherein the com-
ponent with two redistribution layers of FIG. 12 has been
embedded 1n an electronic module.

FIG. 14 presents a top view of an embodiment wherein a
component has two redistribution layers.

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L]

FIG. 1 presents an electronic module according to a first
embodiment. The electronic module according to the first
embodiment may be a component package, for instance. A
corresponding structure can also be used as an electronic
module comprising two or several embedded components 1,
such as a circuit board.

The electronic module of FIG. 1 comprises a first wiring
layer 3 that 1s constituted by conducting lines 8 of conduct-
ing material. The most typical conducting materal 1s copper
(Cu) but, of course, any material with suflicient conductivity
and mechanical properties can be used. In the electronic
module of FIG. 1, the first wiring layer 3 runs on a surface
of a dielectric 5. The electronic module further comprises a
component 1 embedded in the dielectric 5. The embedded
component 1 has contact terminals 2, such as contact lands
or more typically contact bumps, and a {first surface extend-
ing between and around the contact terminals 2. The first
surface 1s covered by an additional passivation layer 9 in the
module of FIG. 1. The electronic module 1s provided with
first contact elements 6 that connect at least some of the
contact terminals 2 electrically to selected conducting lines
8 of the first wiring layer 3. The electronic module 1s also
shown to have terminal pads 14 for making electrical contact
with an external electronic circuitry. Thus, the structure of
FIG. 1 could be used also as a component package for an
integrated circuit, for istance. The structure of FIG. 1 could
also be a smart card or a part of a larger circuit board.

As can be seen 1n FIG. 1, the electronic module 1s a so
called single-layer module, 1.e. a module having only one
wiring layer. In case the component has several contact
terminals 2 and the module structure includes only one
wiring layer (in this case the first wiring layer 3), certain
clectrical connections might appear unroutable due to cross-
ing conducting lines 8. FIG. 2 exemplifies such a situation.
As to the routing, FIGS. 1 and 2 can be read as though they
would depict a single embodiment.

FIG. 2 shows a schematic “top view” of the electronic
module. Herein, the “top view” refers to the orientation of
the module as shown 1n FIG. 1. As can be seen 1n FIG. 2,
conducting lines 8 of the first wiring layer 3 are connected
to the contact terminals 2 (not shown in FIG. 2) of compo-
nent 1 by means of first contact elements 6. Such conducting
lines 8 are often called as escape routes. In this case, there
are eight contact terminals 2 and respective conducting lines
8. However, two of the conducting lines 8 (marked as
conducting lines 8') need to cross over two other conducting
lines 8, and the electronic module should be provided with
a turther wiring layer 1f using techniques presented 1n the
background art discussed above.

In the embodiments of FIGS. 1 and 2, the above-men-
tioned crossing problem can be solved by providing con-
ducting patterns 4 on the first surface side of the component
1. Such conducting patterns 4 run on the additional passi-
vation layer 9 between the contact terminals 2 but are not in
direct contact with the contact terminals 2 but are spaced
apart from them. Furthermore, the electronic module 1is
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provided with second contact elements 7 that connect the
conducting patterns 4 to the conducting lines 8 of the first
wiring layer 3. In FIGS. 1 and 2, the conducting patterns 4
have two contact locations at which they are connected by
means of the second contact elements 7. In this construction,
the routes can be designed such that some of the crossing
escape routes, or other lines, can be lead via first ones of the
second contact elements 7 to the conducting patterns 4 on
the additional passivation layer 9, and then along the con-
ducting patterns 4 as far as the second ones of the second
contact elements 7 bringing the signals back to the respec-
tive conducting lines 8 at the first wiring layer 3. Thus, the
problem of crossing lines can be solved even in case the
clectronic module contains only one wiring layer. It should
be noted that benefits can be achieved also when the
clectronic module contains two or several wiring layers; also
in these cases some of the crossings can be lead wia
conducting patterns 4 on the surface of the component 1
itsellf.

FIG. 3 shows a portion of an electronic module according
to a second embodiment. Such a portion may be part of a
component package or a circuit board, for instance.

FIGS. 4 and 5 depict portions of electronic modules
according to a third and fourth embodiment, respectively. As
in the second embodiment, also the third and fourth embodi-
ment may be used as parts of component packages or circuit
boards, for instance

In each of the first to fourth embodiments shown in FIGS.
1 to 5, the component 1 1s embedded in the dielectric 5. Thus
1s, however, not mandatory but also embodiments leaving
the rear surface of the component 1 (1.¢. the surface opposite
to the first surface) uncovered can be contemplated.

As shown by FIGS. 3 and 5, the electronic module may
also comprise a second wiring layer 10 attached to the first
wiring layer 3 by means of an intermediate layer of dielectric
5. The second wiring layer 10 1s electrically connected to the
first wiring layer 3 by means of vias 11. Also the second
embodiment comprises at least one conducting pattern 4 that
corresponds to the conducting patterns 4 of the first embodi-
ment, and also the respective second contact elements for
making electrical connections to the first wiring layer 3.

The embodiments of FIGS. 3 and 5 can also be modified
such that the conducting pattern 4 1s connected directly to
the second wiring layer 10 by means of one or several
extended contact elements in place of one or several of the
second contact elements 7. The direct connection between
the conducting pattern 4 and the second wiring layer 10 can
also be made by means of an extended via corresponding to
the vias 11. A third possibility 1s to first make a second
contact element 7 and then a via 11 on top of the second
contact element 7. Using similar techmiques, 1t 1s also
possible to make direct contacts between the contact termi-
nals 2 and the second wiring layer 10.

As shown by FIGS. 4 and 5, the electronic module may
also comprise a third wiring layer 13 at the rear side of the
component 1 such that the component 1 1s enclosed between
the first and third wiring layers 3, 13. As 1s evident for a
person skilled 1in the art, further wiring layers can also be
added, such as a fourth wiring layer 15 shown 1 FIG. 5. In
the embodiments shown by FIGS. 1 to 5, all the wiring
layers are embedded in the dielectric 5. However, this 1s not
mandatory but the outermost wiring layers may also run on
the surface of the dielectric 5 and thus be exposed.

The embodiment of FIG. 4 shows also vertical conductors
12 that extend between the first and third wiring layers 3, 13.
Such vertical conductors 12 can be used as electrical con-
nections or to prevent mutual interference between the

10

15

20

25

30

35

40

45

50

55

60

65

8

several adjacent components 1, for instance. Also the wiring,
layers can be used as shield structures against electromag-
netic interference, 1f desired. For example, FIG. 5 can be
constructed to show plate-like conducting structures in the
second and third wiring layers 10, 13, at the location of the
component 1. Such plate-like conductors can also be con-
nected to a ground potential via conducting lines.

FIGS. 6 to 10 describe some possible manufacturing
methods, and the associated intermediate products, for
manufacturing electronic modules according to embodi-
ments. However, any suitable method can be used.

In accordance with FIG. 6, it 1s possible to start the
manufacture from a foil of conducting material. The foil can
be a metal foil, such as a copper foil. A portion of the
maternial of the foil will form part of the first wiring layer 3
in this process, but this 1s not necessarily so when using
some of the various alternative manufacturing methods. In
this particular example, the foil 1s made of copper. The
thicknesses of the copper foils may be between 3-35 microm-
eters, for instance.

Then, the fo1l for the first wiring layer 3 1s provided with
first contact openings 16 located according to the positions
designed for the first contact elements 6, and second contact
openings 17 that are respectively located according to the
positions designed for the second contact elements. Such
holes can be manufactured with one of several chemical or
mechanical manufacturing methods. Possible methods
include, e.g. selective chemical etching, boring and laser
drilling.

One of the possible modifications 1s to use a layered foil
material as the starting material. The selected foil material
can 1include, for example, one layer of copper and an
insulating layer on top of it. The starting material foil may
also comprise a carrier fo1l on top of the foil for the first
wiring layer 3. The carrier foil is totally optional but it may
be provide certain benefits in the manufacturing process.
Thus, the starting material can be a suitable foil with carrier,
for instance. The carrier can be any suitable commercially
available material, in any suitable thickness. The material of
the carrier foil can be, for example, copper. The carrier foil
1s later released from the foil structure, facilitated by a
release layer on the surface of the carrier foil facing the layer
3.

FIG. 7 shows the next step of the process that includes
attaching the component 1. The component has contact
terminals 2 and at least one conducting pattern 4 prefabri-
cated on 1ts first surface side. The component 1 15 aligned to
the fo1l such that the contact terminals 2 are correctly located
with regard to the first contact openings 16. At the same
time, also the contact locations on the at least one conduct-
ing pattern 4 become correctly located with regard to the
second contact openings 17. The component 1s then attached
to the foil with the aid of mnsulating adhesive 18.

Next, the component 1 1s embedded in insulating material
that forms part of the dielectric 5. This 1s done by laminating,
layer or layers of insulating material between the interme-
diate product of FIG. 7 and another copper foil that is
intended to be used as a third wiring layer 13. The 1nsulating
material may be so-called prepreg, for instance. FIG. 8
shows the product after these process steps.

As can be seen 1n FIGS. 7 and 8, the first contact openings
16 were partly filled with the insulating adhesive 18 when
attaching the component 1. The next step 1s to remove the
excess adhesive from the contact openings and from top of
the contact terminals 2. This can be made, for example, by
CO, laser ablation via the first contact openings 16, which
can be used as mask 1n the process when using CO, laser
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beam that 1s not eflective against the metal of the first wiring,
layer 3. During this micro via cleaning process, contact
holes are opened up to the surface of the contact terminals
2. At the same time, also the surface of such contact
terminals 2 1s cleaned. A corresponding or exactly the same
process 1s applied also with regards to the second contact
openings 17 1n order to remove excess adhesive from these
contact openings and from the contact locations on top of the
conducting patterns 4. Thus, also the relevant areas of the
surface of the conducting patterns 4 are cleaned.

Then, a micro via metallization 1s performed. This can be
done by copper deposition to the micro via, for instance.
FIG. 9 shows the product after these process steps.

During the micro via metallization step, the contact holes
are filled with one or more conducting materials, such as
copper. The filled contact holes form the first contact ele-
ments 6 and the second contact elements 7 via respectively
the first contact openings 16 and the second contact open-
ings 17. From the metallurgical point of view, such first and
second contact elements 6, 7 extend from the surface of the
contact terminals 2 and the conducting patterns 4 respec-
tively 1nto the first and second contact openings 16, 17 in the
first wiring layer 3. However, when referring to the height of
the first and second contact elements 6, 7 1n this document,
the contact element may also be thought to end at the surface
of the first wiring layer 3 facing the component 1. In this
interpretation, the rest of the metal of the first and second
contact elements 6, 7 1s considered as part of the conducting
lines 8 in the first wiring layer 3. This assumption 1is
practical, but as stated already above, from the metallurgical
point of view there 1s a hole 1n the conducting line 8 1nto
which the material of the first or second contact element 6,
7 protrudes, when the process of FIGS. 6 to 10 1s used.

FIG. 10 shows the product after a patterning step, in
which at least the first wiring layer 3 1s patterned to form the
conducting lines 8. One of the patterning processes known
in the art can be used. At the same time, also the third wiring
layer 13 can be patterned to form third conducting lines 19.

The module of FIG. 10 can be the end-product of the
manufacturing process. It 1s also possible to continue the
process by surface finishing step, solder mask and NI/Au
plating or OSP, for 1nstance.

Also other methods can be used in manufacturing the
clectronic modules according to the embodiments.
Examples of such other possible methods include modifi-

cations of the methods described 1 the U.S. patent appli-
cation Ser. Nos. 10/550,023, 10/572,340, 11/659,190,

11/570,673, 11/667,429, 11/791,547, 11/587,586 and
11/917,711, which are incorporated herein by reference.

The dimensions of the various elements of the electronic
modules can be selected according to the requirements of the
application for which the embodiments are designed. The
drawings of this document have not been drawn 1s scale but
have been drafted for the purpose of illustrating the mutual
relations of the relevant features according to the embodi-
ments. However, some non-binding guidelines for the rel-
evant dimensions are discussed 1n the following with refer-
ence to FI1G. 11. The disclosed dimensions can be used also
in the embodiments of FIGS. 1 to 10 discussed above, and
as starting points for developing electronic modules for
various applications.

FIG. 11 shows a part of the component 1 and the con-
ductor structures connected thereto. The various parameters
shown in FIG. 11 may take, for example, the following
numerical values:

The thickness t,; of the additional passivation layer 9 1s

less than 30 micrometers and typically between 3-10
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micrometers. In some embodiments, additional passi-
vation layers 9 as thin as 1-5 micrometers can also be
used.

The height h,- of the contact terminal 2 from the surface
of the additional passivation layer 9 1s less than 30
micrometers, such as 5-10 micrometers.

The height h. . of the first contact elements 6, as measured
from the surface of the contact terminal 2 up to the
“lower” surface of the conducting line 8, 1s less than 40
micrometers, such as 5-20 micrometers.

The thickness t~; of the conducting line 8 1s less than 60
micrometers, such as 5-20 micrometers.

The thickness t,, of the conducting pattern 4 1s less than
20 micrometers, such as 3-10 micrometers.

The height h.- of the second contact elements 7, as
measured from the surface of the conducting pattern 4
up to the “lower” surface of the conducting line 8, 1s
less than 100 micrometers, typically less than 40
micrometers, such as 5-20 micrometers.

The maximum width w,~ of the first contact elements 6,
in a direction parallel to the first surface of the com-
ponent 1, 1s less than 100 micrometers, such as 15-50
micrometers.

The maximum width w of the second contact elements
7, 1n the direction parallel to the first surface of the
component 1, 1s less than 300 micrometers, typically
less than 100 micrometers, such as 15-50 micrometers.

As can be seen from the above exemplifying values, the
spacing between the component 1 and the conducting lines
8 can be less than 30 micrometers, for instance.

In an embodiment, the first contact elements 6 are nar-
rower that the contact terminals 2 with which they make
contact. In such an embodiment, the width of the first contact
clement 6 can be, for example, between 60% and 90% of the
respective width of the respective contact terminal 2.

The embodiments of the electronic module generally
comprise a first wiring layer 3, a dielectric 5 supporting the
first wiring layer 3 and a component 1 having a first surface
and at least one contact terminal 2 on the first surface. There
1s an additional passivation layer 9 on the first surface of the
component 1, which additional passivation layer 9 1s 1n
contact with the dielectric 5. There 1s also a conducting
pattern 4 on the first surface side of the component 1, more
particularly on the additional passivation layer 9. The con-
ducting pattern 4 1s not 1n direct contact with the at least one
contact terminal 2 but 1s spaced apart from each of said
contact terminals 2. Of course, the presence of one or more
of such conducting patterns 4 does not exclude the possi-
bility of the electromic module further comprising other
conducting tracks on the first surface side of the component
1 that are 1n fact 1n direct contact with the contact terminals
2. The embodiments of the electronic module also comprise
at least one first contact element 6 that extends inside the
dielectric 5 and forms at least one electrical connection
between the first wiring layer 3 and the at least one contact
terminal 2. The embodiments of the electronic module
further comprise at least one second contact element 7 that
also extends inside the dielectric 5 and forms at least one
clectrical connection between the first wiring layer 3 and the
conducting pattern 4.

The embodiments of the electronic module that are
designed for the purpose of enhancing wireability typically
comprise the first wiring layer 3 and the component 1 having
contact terminals 2 and the first surface extending between
the contact terminals 2. The electronic module further com-
prises the conducting pattern 4 on the first surface side of the
component 1 and spaced apart from the contact terminals 2.




US RE48,539 E

11

The electronic module 1s also provided with the first contact
clements 6 connecting at least some of the contact terminals
2 to the first wiring layer (3), and the second contact
clements 7 connecting the conducting pattern 4 to the first
wiring layer 3 at at least two contact locations. In addition,
the electronic module comprises the dielectric 35 between the
first wiring layer 3 and the conducting pattern 4.

In a further embodiment, the component comprises an
additional passivation layer 9 on the first surface between
the contact terminals 2. In such an embodiment, the con-
ducting pattern 4 can be manufactured on the surface of the
additional passivation layer 9.

In a further embodiment, the first wiring layer 3 comprises
at least two separate conducting lines 8 that are electrically
connected to each other by means of the second contact
clements 7 and the conducting pattern 4.

In an even further embodiment, the first wiring layer 3
comprises at least two separate conducting lines 8 and at
least one of said conducting lines 8 crosses the conducting
pattern 4 between said at least two contact locations.

In an even further embodiment, the module structure is an
embedded structure such as the first wiring layer 3, the
conducting pattern 4, the component 1, the first contact
elements 6, and the second contact elements 7 are embedded
in the dielectric 5.

In a further embodiment having the conducting lines 8 in
the first wiring layer 3, the module comprises at least one
clectrically conducting path from the conducting pattern 4 to
the contact terminals 2 such that each of said paths passes
through at least one of the second contact elements 7, at least
one of the conducting lines 8, and at least of the first contact
clements 6.

In an embodiment, there 1s a spacing of less than 100
micrometers between the first wiring layer 3 and the first
surface of the component 1. In a further embodiment, the
spacing 1s 1n the range of 10 to 60 micrometers.

In an embodiment, each of the first contact elements 6 has
a first height of less than 70 micrometers from the respective
contact terminal 2 to the respective portion of the first wiring
layer 3. In a further embodiment, the first height 1s 1n the
range of 10 to 30 micrometers.

In an embodiment, each of the second contact elements 7
has a second height of less than 70 micrometers from the
respective conducting pattern 4 to the respective portion of
the first wiring layer 3. In a further embodiment, the second
height 1s 1n the range of 10 to 30 micrometers.

In a further embodiment, the first contact elements 6 and
the second contact elements 7 are made of same materials
and are similar 1n structure.

In an embodiment, each of the first contact elements 6 has
a maximum width of less than 100 micrometers n the
direction parallel to the first surface of the component 1. In
a Turther embodiment, the width 1s 1n the range of 15 to 50
micrometers.

In an embodiment, the conducting pattern has a thickness
of less than 70 micrometers from the first surface of the
component 1. In a further embodiment, the thickness 1s 1n
the range of 5 to 20 micrometers.

In an embodiment, the contact terminals 2 are contact
bumps protruding from the first surface of the component 1
and having thicknesses of less than 70 micrometers, for
example 10 to 30 micrometers.

In a further embodiment, the contact terminals 2 are
contact bumps protruding from the first surface of the
component 1, and the contact bumps and the conducting
pattern 4 are made of same materials and are similar in
structure.

10

15

20

25

30

35

40

45

50

55

60

65

12

In an embodiment, the conducting pattern 4 1s a planar
structure mtended to be connected to a ground potential for
proving a shield against electromagnetic interference
between the component 1 and the first wiring layer 3.

In an embodiment, the electronic module comprises a
plurality of conducting patterns 4 on the first surface side of
the component 1, which conducting patterns 4 are spaced
apart from the contact terminals 2.

An embodiment of a method for manufacturing the
above-described electronic modules comprises:

providing a component 1 having a first surface and at least

one contact terminal 2 on the first surface,
providing an additional passivation layer 9 on the first
surface of the component 1,

providing a conducting pattern 4 on the additional passi-
vation layer 9, which conducting pattern 4 1s spaced
apart from each of the at least one contact terminal 2,

providing a first wiring layer 3,

providing a dielectric 5 1n contact with the additional
passivation layer 9, which dielectric 5 supports the first
wiring layer 3,

providing at least one {first contact element 6 extending
inside the dielectric 5 for making at least one electrical
connection between the first wiring layer 3 and the at
least one contact terminal 2, and

providing at least one second contact element 7 extending

inside the dielectric 5 for making at least one electrical
connection between the first wining layer 3 and the
conducting pattern 4.
Another embodiment of a method for manufacturing the
above-described electronic modules comprises:
providing the first wiring layer 3,
providing the component 1 having the contact terminals 2
and the first surface extending between the contact
terminals 2,

providing an additional passivation layer 9 on the first
surface of the component 1,

providing the conducting pattern 4 on the additional
passivation layer 9 and spaced apart from the contact
terminals 2,

providing the dielectric 5 that extends between the first
wiring layer 3 and the conducting pattern 4,

providing the first contact elements 6 connecting at least
some of the contact terminals 2 to the first wiring layer
3, and

providing the second contact elements 7 connecting the
conducting pattern 4 to the first wiring layer 3 at the at
least two contact locations.

Another embodiment of the method comprises growing
conductive material on the contact terminals 2 of the com-
ponent 1 to form part of the contact terminals 2, and
simultaneously growing conductive material on the addi-
tional passivation layer 9 to form the conducting pattern 4.
Such growing may be aflected by a suitable deposition
method, such as chemical and/or electrochemical plating.

A further embodiment of the method comprises growing
conductive material to form first contact elements 6, and
simultaneously growing conductive material to form the
second contact elements 7. Also in this embodiment, the
growing may be aflected by a suitable deposition method,
such as chemical and/or electrochemical plating. Other
possible deposition methods include vaporization and sput-
tering, for instance. Alternatively, the conductive material
may be conductive paste, conductive polymer, conductive
adhesive or solder, for instance.

The component 1 described 1n the above embodiments
can be any suitable component. Component can be, for
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example, a semiconductor chip, such as a microcircuit. The
component 1 can also be a LED, resistor, capacitor, inductor
etc. 1f desired. All the components of suitable size and
having suitably located contact terminals 2, or other corre-
sponding terminals, can be used in the described electronic
modules.

In case of a microcircuit, the chip comprises pre-pro-
cessed microelectronic devices on its active surface and
typically a additional passivation layer 9 over the micro-
clectronic devices that protect the active surtace of the chip.
The microcircuits can be so called bare chips, 1.e. chips that
have not been subject to packaging process but are substan-
tially 1in the form they left the semiconductor manufacturing,
process and the succeeding dicing. The chips may have
pre-processed contact bumps as their contact terminals 2, or
be bumpless chips without such contact bumps. The contact
bumps are suitably manufactured at the same time and in the
same process with the manufacture of the conducting pat-
terns 4. In case the contact lands of the component are made
of aluminium (Al) and the maternial of the first contact
terminals 6 1s mainly copper, 1t would be beneficial to
provide the contact terminals 2 with an interlayer for match-
ing the properties of aluminium and copper. Such an inter-
layer may contain at least one of: chrome (Cr), titanium-
wolifram (T1W), nickel (N1) and gold (Au).

The first and second contact elements 6 and 7 can be made
of metal, for instance. The first and second contact elements
6 and 7 can be, for example, solid metal structures produced
by chemical vapour deposition and/or electrolytic plating.
The contact elements can contain two or more metals as
layers, for instance. It 1s also possible that the contact
clements are made of one metal only. Such one metal may
be copper (Cu), for instance.

The electronic modules in the above embodiments com-
prise the dielectric 5 that supports the conducting lines 8.
The dielectric 5 also {ills the gap between the component 1
and the conducting lines 8. The dielectric 5 serves as an
clectrical insulator and also as a mechanical structural
clement binding and attaching the component 1, conducting
lines 8 and the other structural parts together to form a single
structural entity. The dielectric 5 can comprise one layer or
several layers of dielectric material that are bonded together
by lamination during the manufacturing process. In addition
to the layer-form dielectric matenals, the dielectric can also
contain portions made of msulating adhesives, for instance.
For example, the portion of the dielectric 5 between the
component 1 and the conducting lines 8 can be conveniently
made of electrically insulating adhesive 18, for instance. In
general, the layers may contain mutually same dielectric
material or materials, or may be of different dielectric
materials. At least one of the layers may be, for example, an
epoxy layer reinforced with glass fibres, such as a layer
manufactured from FR4 sheet. Also other layers and mate-
rials can be used as 1s known 1n the circuit board manufac-
turing industry.

In the embodiments of FIGS. 1 to 11, the first wiring layer
3 i1s substantially planar and the first contact elements 6
extend straight from the contact terminals 2 to the respective
conducting lines 8 1n a direction perpendicular to the planar
first wiring layer 3. Thus, the length of the first contact
clements 6 corresponds to the distance from the surface of
the contact terminal 2 to the respective conducting line 8.
Hence, the first contact elements 6 are short. Corresponding
comments apply also to the second contact elements 7. Short
and straight contact elements provide enhanced electrical
properties compared to wire-bonded contact elements, for
instance.
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The above embodiments can be modified also so that two
redistribution layers are manufactured on the component,
whereby wiring capability 1s further increased at least in
some applications. FIG. 12 presents a component 1 having
such layers.

The component 1 of FIG. 12 has contact terminals 2, such
as contact lands or more typically contact bumps, and a first
surface of the component 1 extending between and around
the contact terminals 2. The first surface 1s covered by an
additional passivation layer 9.

The component 1 of FIG. 12 has been provided with
conducting patterns 4 on the additional passivation layer 9
on the first surtace of the component 1. Such conducting
patterns 4 run on the first surface side of the component 1
between the contact terminals 2 but are not in direct contact
with the contact terminals 2 but are spaced apart from them.
In the same process step, also second conducting patterns 22
can be made that are otherwise similar to the conducting
patterns 4 but are 1 contact with the contact terminals 2.
Then, a second additional passivation layer 29 or other
insulating layer 1s made on the surface of the additional
passivation layer 9 and the conducting patterns 4 and the
second conducting patterns 22. A turther layer of conducting
patterns can be made on the surface of the second additional
passivation layer 29 and connected to the conducting pat-
terns 4 and the second conducting patterns 22 by means of
microvias penetrating the second additional passivation
layer 29, or by means of other suitable connection structures.
The further layer of conducting patterns can comprise such
third conducting patterns 24 that are not 1n direct contact
with the microvias and such fourth conducting patterns 235
that are 1n direct metallurgical contact with the microvias.
The conducting patterns 4 on the additional passivation layer
9 on the first surface of the component 1 and the third
conducting patters 24 can also be used as a routing conduc-
tor not being in direct contact with the contact terminals 2
within an electronic module, a multi-layer printed circuit
board or multi-layer component package.

The electronic module of FIG. 13 comprises the compo-
nent of FIG. 12 embedded in a dielectric 5. Further, the
clectronic module of FIG. 13 comprises first and second
contact elements 6 and 7 that connect the component of FIG.
12 to conducting lines 8 of a first wiring layer 3. The
clectronic module 1s also shown to have terminal pads 14 for
making electrical contact with an external electronic cir-
cuitry. Thus, the structure of FIG. 13 could be used also as
a component package for an integrated circuit, for instance.
The structure of FIG. 13 could also be a smart card or a part
of a larger circuit board.

As can be seen 1n FIG. 13, the electronic module 1s a so
called single-layer module, 1.e. a module having only one
wiring layer (first wiring layer 3). In case the component has
several contact terminals 2 and the module structure
includes only one wiring layer, certain electrical connections
might appear unroutable due to crossing conducting lines 8.
However, when using the component of FIG. 12, various
crossings can be designed by means of the conducting
patterns 4, the second conducting patterns 22, third conduct-
ing patterns 24 and fourth conducting patterns 25, and the
connections between them. These connections are made by
means of the microvias and the first and second contact
elements 6 and 7. In the embodiment of FIGS. 12 and 13, the
third conducting pattern 24 can be used 1n a similar way as
the conducting patterns 4 1n the embodiments of FIGS. 1 to
11.

FIG. 14 shows one possible design of redistribution layers
in the structure of FIG. 13. In FIG. 14, the contact terminals
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2 and the microvias connected to them are shown by unfilled
circles. The the second conducting patterns 22 that are 1n
direct connection to the contact terminal microvias are also
shown by unfilled lines. Also the conducting patterns 4 that
are not in direct connection to the contact terminal microvias
are shown 1n the same way. All these features are covered by
the second additional passivation layer 29. FIG. 14 also
shows the third conducting pattern 24 that runs on the
surface of the second additional passivation layer 29 and the
fourth conducting patterns 23 that are connected to the
second conducting patterns 22 by means of microvias (under
the fourth conducting patterns 25 1n FIG. 14) that extend
through the second additional passivation layer 29. The third
conducting pattern 24 and the fourth conducting patterns 235
are drawn 1n black.

FIGS. 13 and 14 show that the third conducting pattern 24
and the conducting patterns 4 can cross each other without
making electrical contact as they are separated by the second
additional passivation layer 29. Therefore, further routing
possibilities arise 1 such embodiments.

The above description 1s only to exemplily the invention
and 1s not mtended to limit the scope of protection offered
by the claims. The claims are also intended to cover the
equivalents thereof and not to be construed literally.

The 1nvention claimed 1s:

1. An electronic module comprising:

a first wiring layer,

a dielectric supporting the first wiring layer,

a component having a first surface and at least one contact
terminal on the first surface, said at least one contact
terminal having a contact bump protruding from the
first surface of the component,

an additional passivation layer on the first surface of the
component and 1n contact with the dielectric,

a conducting pattern on the additional passivation layer on
the first surface of the component and spaced apart
from each of the at least one contact terminal, wherein
the contact bump and the conducting pattern are made
ol same material or materials and are similar 1n struc-
fure,

at least one first contact element extending inside the
dielectric for making at least one electrical connection
between the first wiring layer and the at least one
contact terminal, and

at least one second contact element extending inside the
dielectric for making at least one electrical connection
between the first wiring layer and the conducting
pattern, wherein the at least one second contact element
comprises at least two second contact elements for
making at least two electrical connection between the
fivst wiving laver and the conducting pattern at at least
two contact locations.

2. The electronic module of claim 1, wherein the at least
one first contact element comprises a plurality of first
contact elements, and the at least one contact terminal
comprises a contact terminal for each of the first contact
clements.

[3. The electronic module of claim 1, wherein the at least
one second contact element comprises at least two second
contact elements for making at least two electrical connec-
tion between the first wiring layer and the conducting pattern
at at least two contact locations. ]

4. The electronic module of claim [3] /, wherein the first
wiring layer comprises at least two separate conducting lines
clectrically connected to each other by means of the at least
two second contact elements and the conducting pattern.
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5. The electronic module of claim [3] /, wherein the first
wiring layer comprises at least two separate conducting lines
and at least one of said conducting lines crosses the con-
ducting pattern between said at least two contact locations.

6. The electronic module according to claim 1, wherein
the additional passivation layer contains polymer or epoxy.

7. The electronic module according to claim 1, wherein
the thickness of the additional passivation layer 1s between
3 and 10 micrometers.

8. The electronic module according to claim 1, wherein
the dielectric comprises a layer of insulating adhesive
between the component and the first wiring layer.

9. The electronic module according to claim 1, wherein
the first wiring layer, the conducting pattern, the component,
the first contact elements, and the second contact elements
are embedded 1n the dielectric.

10. The electronic module according to claim 1, wherein

the first wiring layer comprises at least one conducting

line,

the module comprises at least one electrically conducting

path from the conducting pattern to the at least one
contact terminal, and

cach electrically conducting path from the conducting

pattern to the at least one contact terminal passes
through the at least one second contact element, the at
least one conducting line, and the at least one first
contact elements.

[11. The electronic module of claim 10, wherein the at
least one second contact element comprises at least two
second contact elements for making at least two electrical
connections between the first wiring layer and the conduct-
ing pattern at at least two contact locations.]

12. The electronic module of claim [11] /, wherein the
first wiring layer comprises at least two separate conducting
lines electrically connected to each other by means of the at
least two second contact elements and the conducting pat-
tern, wherein the first wiring layer comprises at least two
separate conducting lines and at least one of said conducting
lines crosses the conducting pattern between said at least
two contact locations.

13. The electronic module according to claim 1, having a
spacing between the first wiring layer and the first surface of
the component, wherein the spacing 1s less than 100
micrometers.

14. The electronic module according to claim 1, wherein
the conducting pattern 1s a planar structure mtended to be
connected to a ground potential for proving a shield against
clectromagnetic interference between the component and
the first wiring layer.

15. The electronic module according to claim 1, compris-
ing a plurality of conducting patterns on the additional
passivation layer on the first surface of the component,
wherein each conducting pattern 1s spaced apart from each
contact terminal.

16. The [method] electronic module of claim 1, wherein
the [method comprises:

growing conductive material to form first contact ele-

ments, and

simultaneously growing conductive material to form the

second contact elements] first contact elements and the
second contact elements are formed by simultaneously
growing conductive material.

17. An electronic module comprising:

a first wiring layer,

a dielectric supporting the first wiring layer,

a component having a first surface and at least one contact

terminal on the first surface, said at least one contact
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terminal having at least one contact bump protruding
from the first surface of the component and having a
thickness of less than 70 micrometers,

an additional passivation layer on the first surface of the
component and 1n contact with the dielectric,

a conducting pattern on the additional passivation layer on
the first surface of the component and spaced apart
from each of the at least one contact terminal, wherein
the conducting pattern has a thickness from a surface of
the additional passivation layer of less than 70 microm-
eters,

at least one first contact element extending inside the
dielectric for making at least one electrical connection
between the first wiring layer and the at least one
contact terminal, and

at least one second contact element extending inside the
dielectric for making at least one electrical connection
between the first wiring layer and the conducting
pattern, wherein the at least one second contact element
comprises at least two second comntact elements for
making at least two electrical connections between the
fivst wiving laver and the conducting pattern at at least
two contact locations.

18. The electronic module according to claim 17, com-
prising a plurality of conducting patterns on the additional
passivation layer on the first surface of the component,
wherein each conducting pattern 1s spaced apart from each
contact terminal.

19. An electronic module comprising:

a first wiring layer,

a dielectric supporting the first wiring layer,

a component having a first surface and at least one contact

terminal on the first surface,

an additional passivation layer on the first surface of the
component and 1n contact with the dielectric,

a conducting pattern on the additional passivation layer on
the first surface of the component and spaced apart
from each of the at least one contact terminal,

at least one first contact element extending inside the
dielectric for making at least one electrical connection
between the first wiring layer and the at least one
contact terminal, each of the at least one first contact
clement having a first height from the respective con-
tact terminal to the respective portion of the first wiring
layer, said first height being less than 70 micrometers,
and each of the at least one first contact element having
a maximum width 1 a direction parallel to the first
surface of the component, said width being less than
100 micrometers, and

at least one second contact element extending inside the
dielectric for making at least one electrical connection
between the first wiring layer and the conducting
pattern, each of the at least one second contact element
has a second height from the respective conducting
pattern to the respective portion of the first wiring layer,
said second height being less than 70 micrometers,
wherein the at least one second contact element com-
prises at least two second contact elements for making
at least two electrical connections between the first
wiring laver and the conducting pattern at at least two
contact locations.

20. The electronic module according to claim 19, com-
prising a plurality of conducting patterns on the additional
passivation layer on the first surface of the component,
wherein each conducting pattern 1s spaced apart from each
contact terminal.
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21. An electronic module comprising:

a component having a first surface with passivation and
at least one contact terminal thereon, the at least one
contact terminal having a contact bump protruding
from the first surface of the component,

a first wiring layer;

an additional passivation layer on the first surface of the
component,

a conducting pattern on the additional passivation layer
and spaced apart from each of the at least one contact
terminal, wherein the contact bump and the conducting
pattern are made of same material or materials and arve
similar in structure;

a second wiring layer electrically connected to the first
wiring layer;

at least one contact element electrically connecting the
first wiving laver and the at least one contact tevminal,;
and

at least one additional contact element electrically con-
necting the first wiring laver and the conducting pat-
tern, wherein the at least one additional contact ele-
ment comprises at least two additional contact
elements for making at least two electrical connections
between the first wiring layver and the conducting
pattern at at least two contact locations.

22. The electronic module of claim 21 further comprising
at least one insulating material that electrically insulates the
component from the first wiring layver and electrically insu-
lates the first wirving layer from the second wiring layer.

23. The electronic module of claim 22 wherein:

the second wiring layer is electrically connected to the
first wirving laver by way of vias the extend through a
first portion of the at least one insulating material;

the at least one contact element extends through a second
portion of the at least one insulating material; and

the at least one additional contact element extends
through the second portion of the at least one insulating
material.

24. The electronic module of claim 23 wherein the first

and second wiring layers ave both on a same side of the
component as the first surface of the component, with the

first and second wiring lavers being separated by the first

portion of the at least one insulating material.

25. The electronic module of claim 24 further comprising
a third wiring laver positioned on an opposite side of the
component from the first surface thereof.

26. The electronic module of claim 25 wherein each of the
second wiring layver and the thivd wiring layer comprises a
shield structure that shields the component from electvo-
magnetic interference.

27. The electronic module of claim 25 further comprising
a fourth wiring laver positioned on the opposite side of the
component from the first surface theveof, the fourth wiring
laver spaced apart from the thivd wiring laver by a thivd
portion of the at least one insulating material.

28. The electronic module of claim 21 wherein the at least
one contact terminal extends above the additional passiva-
tion layer

29. An electronic module comprising:

a component having a first surface with passivation and
at least one contact terminal thereon, the at least one
contact terminal having a contact bump protruding
from the first surface of the component,

a first wiring laver positioned on a same side of the
component as the first surface thereof;

an additional passivation layer on the first surface of the
component,
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a conducting pattern on the additional passivation layer
and spaced apart from each of the at least one contact
terminal, wherein the contact bump and the conducting
pattern are made of same material or materials and are
similar in structure;

an additional wiring layer positioned on an opposite side
of the component from the first surface therveof, such
that the component is positioned between the first
wiring laver and the additional wiving layer;

a vertical conductor extending between the first wiving
laver and the additional wiring layer;

at least one first contact element that makes at least one
electrical connection between the first wiring layver and
the at least one contact terminal, and

at least one second contact element that makes at least
one electrical connection between the first wiring laver
and the conducting pattern, wherein the at least one
second contact element comprises at least two second
contact elements for making at least two electrical
connections between the first wiring laver and the
conducting pattern at at least two contact locations.

30. The electronic module of claim 29 further comprising:

an insulating material positioned between the first wirving
laver and a thivd wirving layer and that embeds the
component therein; and

an insulating adhesive positioned between the component
and the first wiring layer, wherein the at least one first
contact element and the at least one second contact
element extend through the insulating adhesive.

31. An electronic module comprising:

a dielectric;

a first wiring layer positioned on ov embedded within the
dielectric;

a component having a first surface and at least one
contact tevminal on the first surface, said at least one
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contact terminal having a contact bump protruding
from the first surface of the component,

a conducting pattern adjacent the first surface of the
component and spaced apart from each of the at least
one contact terminal, wherein the contact bump and the
conducting pattern are made of same material or
materials and are similar in structure;

at least one first contact element extending inside the
dielectric for making at least one electrical connection
between the first wiring laver and the at least one
contact terminal; and

at least one second contact element extending inside the
dielectric for making at least one electrical connection
between the first wiring layver and the conducting
pattern, wherein the at least one second contact ele-
ment comprises at least two second contact elements
for making at least two electrical connections between
the first wiring layver and the conducting pattern at at
least two contact locations.

32. The electronic module of claim 31 further comprising
at least one passivation layer between the conducting pat-
tern and the first wiring layer.

33. The electronic module of claim 32 wherein the at least
one passivation layer improves electrical insulation between
the first surface of the component and the conducting
pattern.

34. The electronic module of claim 32 wherein the at least
one passivation layer has a thickness between 3 to 10
micrometers.

35. The electronic module of claim 32 wherein the at least
one passivation laver has a thickness between 1 to 30
micrometers.
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