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(57) ABSTRACT

A component carrier with a first component carrier structure
including a first stack which has at least one first electrically
conductive layer structure and at least one first electrically
insulating layer structure is disclosed. The at least one first
electrically conductive layer structure has a first contact
element which extends up to a first contact surface of the
first stack. An electrically conductive connection medium is
directly connected to the first contact element at the first
contact surface by filling at least one recess of the first
contact element. The at least one recess having a larger
dimensioned cavity delimited by a smaller dimensioned
surface profile.
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COMPONENT CARRIER STRUCTURE
CONNECTABLE BY ELECTRICALLY
CONDUCTIVE CONNECTION MEDIUM IN
RECESS WITH CAVITY HAVING SURFACE
PROFILE

TECHNICAL FIELD

[0001] The invention relates to a component carrier. Fur-
thermore, the invention relates to a method of manufacturing
a component cartier.

TECHNOLOGICAL BACKGROUND

[0002] In the context of growing product functionalities of
component carriers equipped with one or more electronic
components and increasing miniaturization of such compo-
nents as well as a rising number of components to be
mounted on the component carriers such as printed circuit
boards, increasingly more powerful array-like components
or packages having several components are being employed,
which have a plurality of contacts or connections, with ever
smaller spacing between these contacts. Removal of heat
generated by such components and the component carrier
itself during operation becomes an increasing issue. At the
same time, component carriers shall be mechanically robust
and electrically reliable so as to be operable even under
harsh conditions.

[0003] A shortcoming with laminated component carriers
is that they may be prone to delamination, warpage and/or
other phenomena which may deteriorate the reliability of the
component carrier.

SUMMARY

[0004] There may be a need for a simply manufacturable
component carrier with high reliability.

[0005] According to an exemplary embodiment, a com-
ponent carrier is provided which comprises a first compo-
nent carrier structure comprising a first stack which com-
prises at least one first electrically conductive layer structure
and at least one first electrically insulating layer structure,
wherein the at least one first electrically conductive layer
structure has a first contact element which extends up to a
first contact surface of the first stack, and an electrically
conductive connection medium directly connected to the
first contact element at the first contact surface by filling at
least one recess of the first contact element, the at least one
recess comprising a larger dimensioned cavity delimited by
a smaller dimensioned surface profile.

[0006] According to another exemplary embodiment, a
method of manufacturing a component carrier is provided,
wherein the method comprises forming a first component
carrier structure comprising a first stack which comprises at
least one first electrically conductive layer structure and at
least one first electrically insulating layer structure, wherein
the at least one first electrically conductive layer structure
has a first contact element which extends up to a first contact
surface of the first stack, and directly connecting the first
contact element at the first contact surface to an electrically
conductive connection medium by filling at least one recess
of the first contact element with the electrically conductive
connection medium, the at least one recess comprising a
larger dimensioned cavity delimited by a smaller dimen-
sioned surface profile.
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OVERVIEW OF EMBODIMENTS

[0007] In the context of the present application, the term
“component carrier” may particularly denote any support
structure which is capable of accommodating one or more
components thereon and/or therein for providing mechanical
support and/or electrical connectivity. In other words, a
component carrier may be configured as a mechanical and/or
electronic carrier for components. In particular, a component
carrier may be one of a printed circuit board, an organic
interposer, and an IC (integrated circuit) substrate. A com-
ponent carrier may also be a hybrid board combining
different ones of the above-mentioned types of component
carriers.

[0008] In the context of the present application, the term
“component carrier structure” may particularly denote a
sheet or plate handled and processed during manufacturing
component carriers, for instance a stacked layer sequence, a
panel, or an array. It is also possible that a component carrier
structure may be a printed circuit board (PCBs) or sub-stack
of a printed circuit board to be created. In particular, a
component carrier may be manufactured by interconnecting
a plurality of component carrier structures.

[0009] In the context of the present application, the term
“stack” may particularly denote an arrangement of multiple
planar layer structures which are mounted in parallel on top
of one another. The layer structures of the stack may be
connected by lamination, i.e. the application of heat and/or
pressure.

[0010] In the context of the present application, the term
“layer structure” may particularly denote a continuous layer,
a patterned layer, or a plurality of non-consecutive islands
within a common plane.

[0011] In the context of the present application, the term
“contact surface” may particularly denote a main surface of
a component carrier structure, and in particular of at least
one contact element thereof, at which the component carrier
structure is to be connected to a corresponding contact
surface of a further body (such as another component carrier
structure or a component), and in particular of at least one
further contact element thereof.

[0012] In the context of the present application, the term
“contact element” may particularly denote a portion of at
least one electrically conductive layer structure of a stack of
a component carrier structure, which portion is exposed at a
stack surface to be suitable for establishing an electrically
conductive connection with another contact element by
means of an electrically conductive connection medium in
between.

[0013] In the context of the present application, the term
“recess” may particularly denote any hollow volume, inden-
tation or blind hole at a contact surface portion of an
electrically conductive contact element.

[0014] In the context of the present application, the term
“larger dimensioned cavity delimited by a smaller dimen-
sioned surface profile” may particularly denote (i) that the
cavity has larger structural dimensions (such as depth and
width of the cavity) than smaller structures (such as widths
and top to bottom distances of alternating protrusions and
indentations of the surface profile) defining the surface
profile. It may further mean (ii) that structural or spatial
limits of the cavity are defined by the surface profile, so that
walls of the cavity have the surface profile. While the cavity
may mainly define shape and size of the recess, the surface
profile may add to the borders of the cavity a wave structure,
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oscillations, undulations, pronounced roughness or uneven-
ness, which may be superposed or modulated onto the
cavity. The surface profile may be a regular surface profile
with a repeated sequence of indentations and protrusions
having a defined width and height. Alternatively, the surface
profile may be an irregular surface profile with a random or
non-ordered sequence of indentations and protrusions hav-
ing varying values of width and height. In particular, the
cavity may be concavely shaped. The surface profile may be
a sequence of small hills and valleys alternating along a
curved surface delimiting the cavity. In particular, the cavity
may be a hollow space with a volume or defined by
characteristic dimensions being larger than (in particular
being at least twice of, more particularly being at least three
times of) hollow volumes or characteristic dimensions of
structures of the surface profile.

[0015] According to an exemplary embodiment, a com-
ponent carrier is provided which comprises a stack-type
component carrier structure with proper adhesion and a
reliable electric connectivity at a connection interface
between the component carrier structure and a further body
(such as a further component carrier structure or a compo-
nent). This may be accomplished by an electrically conduc-
tive connection medium, such as a metallic paste, bridging
a hollow space between the electrically conductive contact
element of the component carrier structure exposed at its
contact surface and said body. Highly advantageously, one
or both of opposing contact surfaces of the contact element
and the further body may be provided with a recess defined
by a hollow (more macroscopic) cavity delimited by a (more
microscopic) surface profile of pronounced unevenness.
During interconnection of the component carrier structure
and the further body, said one or more recesses may be filled
with the electrically conductive connection medium to
thereby establish a reliable electric coupling and a strong
mechanical connection between the component carrier
structure and the body. Advantageously, the component
carrier may be rendered significantly more robust against
shear forces tending to promote a mutual lateral motion of
the interconnected component carrier structure and further
body. Thus, any tendency of delamination of constituents of
the component carrier may be strongly suppressed. Descrip-
tively speaking, the described geometry of the recess(es)
may be denoted as a strongly roughed dimple which
improves the connection strength of the component carrier
as a whole.

[0016] Next, the mentioned effect related to shear forces
will be described in more detail based on an example related
to lateral via alignment between the component carrier
structure and the body being embodied as a further compo-
nent carrier structure (see for instance FIG. 1 and FIG. 1A):
It is highly advantageous that two opposing vias are properly
aligned in order to avoid loss of via-via connections. Shear-
stress induced slippage of the two stacks may lead to
misaligned vias, which may affect the transport of current
and/or signals. This issue may occur in particular during
lamination and may describe the slipping of the connection
surfaces of opposing stacks (or the like) towards each other.
Consequently, vias may be conventionally improperly
aligned and different layers may lose their interconnection.
Thanks to the provision of the cavity (which may be
preferably round), stress concentration may be avoided and
alignment may be improved.
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[0017] Hence, an exemplary embodiment of the invention
provides a rough dimple at a connection interface of a
component carrier structure to be filled with an electrically
conductive filling medium for establishing a reliable and
short-path z-interconnection between the component carrier
structure and said further body. In particular, the creation of
a roughed via pad surface may be advantageous, and may be
established for example by etching using a photomask.
Advantageously, a highly reliable adhesion between copper
pads and conductive paste may thus be created. Descrip-
tively speaking, the rough dimple may define an inverse
geometry for an encapsulation of conductive paste, or other
kinds of electrically conductive connection medium.

[0018] In the following, further exemplary embodiments
of the component carrier and the method will be explained.

[0019] In an embodiment, the component carrier com-
prises a further body, wherein the electrically conductive
connection medium directly connects the first contact ele-
ment at the first contact surface with the further body by
filling at least one recess of the first contact element and
optionally of the further body. Correspondingly, the method
may comprise directly connecting the first contact element at
the first contact surface with the further body by filling at
least one recess of the first contact element and optionally of
the further body with the electrically conductive connection
medium.

[0020] In an embodiment, the further body is a second
component carrier structure comprising a second stack
which comprises at least one second electrically conductive
layer structure and at least one second electrically insulating
layer structure, wherein the at least one second electrically
conductive layer structure has a second contact element
which extends up to a second contact surface of the second
stack. The electrically conductive connection medium may
directly connect the first contact element at the first contact
surface with the second contact element at the second
contact surface by filling the at least one recess of the first
contact element and optionally of the second contact ele-
ment (compare for example FIG. 1 and FIG. 1A). In the
context of the present application, the term “electrically
conductive connection medium directly connecting contact
elements” may particularly denote that only or substantially
only said electrically conductive connection medium (such
as a metallic paste) fills a space between opposing contact
surface areas of the contact elements. For instance, two
printed circuit boards (PCBs) may be reliably connected in
the described fashion without the risk of delamination
triggered by shear forces.

[0021] Inanother embodiment, the further body comprises
a component (compare for example FIG. 9). For instance, a
heat sink or a chip may be connected as such a component
to a component carrier structure such as a PCB. Hence, also
a connection between a component and a component carrier
structure may be established in the described way. By such
a configuration, the component may be surface mounted on
or embedded in the component carrier structure.

[0022] In an embodiment, the cavity has a (vertical) depth
of at least 10 pum, in particular of at least 15 um. With such
dimensions of the cavity, the component carrier may be
rendered robust against shear forces tending to unintention-
ally separate the interconnected component carrier struc-
tures. For instance, the depth of the cavity may be less than
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50 um. A (horizontal) width of the cavity may be at least 20
um, in particular at least 30 um. Said width may be less than
80 pm.

[0023] In an embodiment, the surface profile has an aver-
age top to bottom distance of at least 2 pum, in particular of
at least 4 um. In particular, the term “average top to bottom
distance” of the surface profile may denote an averaged
vertical distance between a protrusion and a directly adja-
cent indentation of the surface profile. The top to bottom
distance may be determined by averaging multiple values of
said vertical distance of the surface profile along the cavity
in a cross-sectional view of the component carrier. In
particular, at least five, more particularly all, pairs of pro-
trusions and adjacent indentations of the cavity may be taken
into account for determining the average value. Descrip-
tively speaking, such a surface profile may establish a
pronounced mechanical interlocking between material of the
respective contact element and material of the electrically
conductive connection medium entering into tiny valleys of
the surface profile.

[0024] In an embodiment, the surface profile has an aver-
age top to bottom distance of not more than 15 um, in
particular of not more than 10 pum, preferably not more than
8 um or even not more than 6 pm. Such an upper limit of the
hills and valleys of the surface profile ensures that a suffi-
ciently large amount of electrically conductive connection
medium may be present in the recess for establishing a
low-ohmic and mechanically robust connection.

[0025] For instance, the surface profile may comprise
individual values of the top to bottom distance of adjacent
indentations and protrusions of the surface profile in a range
from 2 pm to 8 um, in particular in a range from 4 pm to 6
um. More specifically, at least 80% of the individual values
of the top to bottom distance of adjacent indentations and
protrusions of the surface profile may be in a range from 2
um to 8 um, in particular in a range from 4 pm to 6 pm.
[0026] In an embodiment, the cavity has a substantially
round shape. Advantageously, this may result in a suppres-
sion of stress concentration, since stress may be prevented
from locally concentrating at sharp edges. A main advantage
of a round shape is that stress can be uniformly distributed
along the surface of the cavity. Moreover, a favorable
interference energy, a sufficiently high contact surface, and
a proper geometric stability may be ensured by a round
cavity. Alternatively, the cavity may have a substantially
rectangular shape, preferably with rounded corners. This
may result in a proper encapsulation of the electrically
conductive connection medium and excellent properties in
terms of electric coupling and mechanical connection. Pref-
erably, a rectangularly shaped cavity may be deeply
anchored within the via.

[0027] Preferably, the cavity shape may be free of sharp
edges. This may suppress stress concentration. The usage of
round surfaces or rounded corners is thus preferred.

[0028] In an embodiment, a first recess is formed in the
first contact element and a second recess is formed in the
second contact element (being aligned with the first element)
or in the component, and wherein both the first recess and
the second recess are filled with the electrically conductive
connection medium. When both contact elements are pro-
vided with recesses facing each other, a double-sided form
closure between the electrically conductive connection
medium and the component carrier structures or the com-
ponent may be achieved. This may strengthen both the
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electric coupling and the mechanical connection between the
component carrier structures and may strongly suppress any
tendency of delamination, even in the event of shear forces.
Furthermore, this may improve alignment of opposing con-
tacts so as to maintain proper connections. Shear-stress
induced slippage of vias and other structures may ensure
correct interconnection to avoid stress concentration.
[0029] In an embodiment, the electrically conductive con-
nection medium is a viscous deformable medium such as an
electrically conductive paste, in particular a silver paste or a
copper paste. More generally, the electrically conductive
connection medium may be a shapeable or a pasty or a freely
formable or even a semi-flowable material. A metallic paste,
in particular including metallic particles and a solvent
(which can be evaporated upon heating), is a good choice for
the electrically conductive connection medium. This renders
the electrically conductive connection medium capable of
reliably (and preferably completely) filling the recess(es)
including tiny gaps of the surface profile. It is also possible
that the electrically conductive connection medium com-
prises an electrically conductive polymer.

[0030] In an embodiment, at least one of the first contact
element and the second contact element contributes to an
electrically conductive vertical through connection for ver-
tically connecting the first component carrier structure and
the second component carrier structure. For instance, such
an electrically conductive vertical through connection may
be an array of vertically stacked vias in one or both of the
connected component carrier structures, the stacked vias
being connected with the electrically conductive connection
medium. Thus, a short-path electric connection may be
created between the interconnected component carrier struc-
tures. This keeps signal losses small and ensures a compact
design of the component carrier.

[0031] In an embodiment, the first contact element and/or
the second con-tact element may be a via, more particularly
a via with tapering sidewalls. For instance, such a via may
be a copper filled laser via. Hence, the electrically conduc-
tive connection medium may form an electrically conductive
bridge between two opposing vias as preferred embodiment
for the interconnected contact elements of the component
carrier structures.

[0032] In an embodiment, the component carrier com-
prises a dielectric sheet having at least one through hole
filled with the electrically conductive connection medium,
the dielectric sheet being arranged between the first com-
ponent carrier structure and the second component carrier
structure or the component. Each through hole may corre-
spond to a respective pair of aligned contact elements of the
component carrier structures or a component to be con-
nected. The dielectric sheet may form a planar electrically
insulating matrix for providing electrically conductive con-
nection medium exactly where it is needed for creating an
electrically conductive z-connection without forming unin-
tentional electrically conductive paths elsewhere.

[0033] Inanembodiment, the dielectric sheet comprises or
consists of an adhesive material, in particular prepreg or
resin. Correspondingly, the method may comprise providing
the dielectric sheet with a curable material, and at least
partially curing the curable material of the dielectric sheet
upon connecting the first component carrier structure with
the second component carrier structure with the dielectric
sheet in between. When the dielectric material of the sheet
is adhesive, it may adhere portions of the component carrier
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structures between the contact elements to be connected by
the electrically conductive connection medium. When an
uncured resin material (as present in prepreg material before
curing) of the dielectric sheet is triggered to be cured by
pressing together the component carrier structures with the
dielectric sheet in between with or without an additional
supply of thermal heat, curing the resin material may cause
an adhesive connection between the component carrier
structures by lamination. More generally, such a curing may
be triggered by the application of mechanical pressure
and/or the supply of thermal energy.

[0034] Inanembodiment, the method comprises filling the
electrically conductive connection medium into the at least
one recess when, i.e. upon, connecting the first component
carrier structure with the second component carrier structure
or with the component. Thus, connecting the component
carrier structures with each other (preferably by lamination
using a curable dielectric sheet in between) and causing the
preferably pasty electrically conductive connection medium
to move into the one or recesses by applying mechanical
pressure may allow to establish a reliable mechanical and
electrical connection between the interconnected component
carrier structures. Both the electric and the mechanical
connection may be created simultaneously, i.e. in one com-
mon process, and thus in a quick and simple way.

[0035] In an embodiment, the method comprises provid-
ing the electrically conductive connection medium in at least
one through hole of a dielectric sheet before connecting the
first component carrier structure with the second component
carrier structure or with the component with the dielectric
sheet (having the electrically conductive connection
medium) in between. Thus, preferably pasty electrically
conductive connection medium may firstly be inserted (for
instance dispensed) into pre-formed through holes of the
dielectric sheet before sandwiching the metal paste-filled
dielectric sheet between the component carrier structures to
be connected electrically and mechanically.

[0036] In an embodiment, the method comprises forming
the at least one through hole of the dielectric sheet by
drilling, in particular by laser drilling. In particular laser
drilling is a simple, reliable and precise way of defining the
position of one or more through holes in the dielectric sheet
in alignment with an array of pairs of contact elements to be
electrically interconnected by electrically conductive con-
nection medium in the one or more through holes. As an
alternative to laser drilling, also mechanically drilling,
punching and etching are possible for creating the through
hole(s).

[0037] Inanembodiment, the method comprises filling the
electrically conductive connection medium in form of a
paste (for instance copper paste or silver paste) in the at least
one through hole of the dielectric sheet. Such a pasty
electrically conductive filling medium may be deformable or
shapeable so as to properly fill essentially the entire recess
(es), including tiny gaps constituting the surface profile. As
a filling medium, electrically conductive polymers can be
used as well, as they are adhesive and electrically conduc-
tive.

[0038] In an embodiment, the method comprises forming
the at least one recess by etching at least one of the first
contact element at the first contact surface, and the second
contact element at the second contact surface. Hence, cavity
and surface profile may be created by etching. As an
alternative to etching, drilling (in particular mechanically
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drilling or laser drilling) or grinding is possible as well. The
recess is most preferably formed by etching, in order to
achieve a high roughness of the surface, which promotes the
adhesion between filling medium and via surface. However,
it may also be possible to produce these recesses by drilling
(laser and mechanically drilling) as well as grinding the via
surface with a small grinding (and/or drilling) head. With the
latter methods, the adhesion between filling medium and via
surface may be advantageously pronounced, as also with
these methods a roughened surface profile can be achieved.
For instance, wet etching and/or plasma etching may be
carried out for this purpose. Isotropic and/or anisotropic
etching processes may be carried out as well. Advanta-
geously, adjusting the etching parameters (such as etchant,
additives, etching time, conditions such as etching tempera-
ture, etc.) may allow to adjust the shape and the dimensions
of the cavity and the surface profile. For instance, a more
aggressive etching strategy may result in a deeper recess
and/or in steeper sidewalls of the recess.

[0039] In an embodiment, the method comprises covering
part of the first contact surface and/or part of the second
contact surface with an etch protection structure during
etching. The etch protection structure may be a temporary
etch protection structure which may be removed from the
respective component carrier structure after etching.
Descriptively speaking, such an etch protection structure
may be a patterned mask (for instance a photomask) defining
which surface portions of the contact elements of the com-
ponent carrier structures to be interconnected shall be pro-
cessed by etching, and which other surface portions shall be
protected from the etching attack. In particular dielectric
surface regions of the opposing contact surfaces may be
prevented from etching. It is however also possible to
partially cover a respective contact element (for instance to
cover selectively an exterior ring portion thereof) with the
etch protection structure so as to properly define dimensions
and shape of the recess. As an alternative, a protection
structure may be used protecting certain areas against drill-
ing (in particular mechanically drilling or laser drilling) or
grinding.

[0040] In an embodiment, the component carrier com-
prises a stack of at least one electrically insulating layer
structure and at least one electrically conductive layer struc-
ture. For example, the component carrier may be a laminate
of the mentioned electrically insulating layer structure(s)
and electrically conductive layer structure(s), in particular
formed by applying mechanical pressure and/or thermal
energy. The mentioned stack may provide a plate-shaped
component carrier capable of providing a large mounting
surface for further components and being nevertheless very
thin and compact. The term “layer structure” may particu-
larly denote a continuous layer, a patterned layer, or a
plurality of non-consecutive islands within a common plane.
[0041] Inan embodiment, the component carrier is shaped
as a plate. This contributes to the compact design, wherein
the component carrier nevertheless provides a large basis for
mounting components thereon. Furthermore, in particular a
naked die as example for an embedded electronic compo-
nent, can be conveniently embedded, thanks to its small
thickness, into a thin plate such as a printed circuit board.
[0042] In an embodiment, the component carrier is con-
figured as one of the group consisting of a printed circuit
board, a substrate (in particular an IC substrate), and an
interposer.
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[0043] In the context of the present application, the term
“printed circuit board” (PCB) may particularly denote a
plate-shaped component carrier which is formed by lami-
nating several electrically conductive layer structures with
several electrically insulating layer structures, for instance
by applying pressure and/or by the supply of thermal energy.
As preferred materials for PCB technology, the electrically
conductive layer structures are made of copper, whereas the
electrically insulating layer structures may comprise resin
and/or glass fibers, so-called prepreg or FR4 material. The
various electrically conductive layer structures may be con-
nected to one another in a desired way by forming through
holes through the laminate, for instance by laser drilling or
mechanical drilling, and by filling them with electrically
conductive material (in particular copper), thereby forming
vias as through hole connections. Apart from one or more
components which may be embedded in a printed circuit
board, a printed circuit board is usually configured for
accommodating one or more components on one or both
opposing surfaces of the plate-shaped printed circuit board.
They may be connected to the respective main surface by
soldering. A dielectric part of a PCB may be composed of
resin with reinforcing fibers (such as glass fibers).

[0044] In the context of the present application, the term
“substrate” may particularly denote a small component
carrier. A substrate may be a, in relation to a PCB, compa-
rably small component carrier onto which one or more
components may be mounted and that may act as a connec-
tion medium between one or more chip(s) and a further
PCB. For instance, a substrate may have substantially the
same size as a component (in particular an electronic com-
ponent) to be mounted thereon (for instance in case of a Chip
Scale Package (CSP)). More specifically, a substrate can be
understood as a carrier for electrical connections or electri-
cal networks as well as component carrier comparable to a
printed circuit board (PCB), however with a considerably
higher density of laterally and/or vertically arranged con-
nections. Lateral connections are for example conductive
paths, whereas vertical connections may be for example drill
holes. These lateral and/or vertical connections are arranged
within the substrate and can be used to provide electrical,
thermal, and/or mechanical connections of housed compo-
nents or unhoused components (such as bare dies), particu-
larly of IC chips, with a printed circuit board or intermediate
printed circuit board. Thus, the term “substrate” also
includes “IC substrates”. A dielectric part of a substrate may
be composed of resin with reinforcing particles (such as
reinforcing spheres, in particular glass spheres).

[0045] The substrate or interposer may comprise or consist
of at least a layer of glass, silicon (Si) or a photo-imageable
or dry-etchable organic material like epoxy-based build-up
material (such as epoxy-based build-up film) or polymer
compounds like polyimide, polybenzoxazole, or benzocy-
clobutene-functionalized polymers.

[0046] In an embodiment, the respective at least one
electrically insulating layer structure comprises at least one
of the group consisting of resin (such as reinforced or
non-reinforced resins, for instance epoxy resin or bismale-
imide-triazine resin), cyanate ester resin, polyphenylene
derivate, glass (in particular glass fibers, multi-layer glass,
glass-like materials), prepreg material (such as FR-4 or
FR-5), polyimide, polyamide, liquid crystal polymer (LCP),
epoxy-based build-up film, polytetrafluoroethylene (PTFE,
Teflon®), a ceramic, and a metal oxide. Teflon is a registered
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mark of The Chemours Company FC LLC of Wilmington,
Del., U.S.A. Reinforcing structures such as webs, fibers, or
spheres, for example made of glass (multilayer glass) may
be used as well. Although prepreg particularly FR4 are
usually preferred for rigid PCBs, other materials in particu-
lar epoxy-based build-up film or photo-imageable dielectric
material may be used as well. For high frequency applica-
tions, high-frequency materials such as polytetrafluoroeth-
ylene, liquid crystal polymer and/or cyanate ester resins, low
temperature cofired ceramics (LTCC) or other low, very low
or ultra-low DK materials may be implemented in the
component carrier as electrically insulating layer structure.
[0047] In an embodiment, the respective at least one
electrically conductive layer structures comprises at least
one of the group consisting of copper, aluminum, nickel,
silver, gold, palladium, and tungsten. Although copper is
usually preferred, other materials or coated versions thereof
are possible as well, in particular materials coated with
supra-conductive material such as graphene.

[0048] At least one component, which can be embedded in
the stack, can be selected from a group consisting of an
electrically non-conductive inlay (such as a ceramic inlay,
preferably comprising aluminum nitride or aluminum
oxide), an electrically conductive inlay (such as a metal
inlay, preferably comprising copper or aluminum), a heat
transfer unit (for example a heat pipe), a light guiding
element (for example an optical waveguide or a light con-
ductor connection), an optical element (for instance a lens),
an electronic component, or combinations thereof. For
example, the component can be an active electronic com-
ponent, a passive electronic component, an electronic chip,
a storage device (for instance a DRAM or another data
memory), a filter, an integrated circuit, a signal processing
component, a power management component, an optoelec-
tronic interface element, a light emitting diode, a photocou-
pler, a voltage converter (for example a DC/DC converter or
an AC/DC converter), a cryptographic component, a trans-
mitter and/or receiver, an electromechanical transducer, a
sensor, an actuator, a microelectromechanical system
(MEMS), a microprocessor, a capacitor, a resistor, an induc-
tance, a battery, a switch, a camera, an antenna, a logic chip,
and an energy harvesting unit. However, other components
may be embedded in the component carrier. For example, a
magnetic element can be used as a component. Such a
magnetic element may be a permanent magnetic element
(such as a ferromagnetic element, an antiferromagnetic
element, a multiferroic element or a ferrimagnetic element,
for instance a ferrite core) or may be a paramagnetic
element. However, the component may also be a substrate,
an interposer, or a further component carrier, for example in
a board-in-board configuration. The component may be
surface mounted on the component carrier and/or may be
embedded in an interior thereof. Moreover, also other com-
ponents, may be used as component.

[0049] In an embodiment, the component carrier is a
laminate-type component carrier. In such an embodiment,
the component carrier is a compound of multiple layer
structures which are stacked and connected together by
applying a pressing force and/or heat.

[0050] After processing interior layer structures of the
component carrier, it is possible to cover (in particular by
lamination) one or both opposing main surfaces of the
processed layer structures symmetrically or asymmetrically
with one or more further electrically insulating layer struc-
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tures and/or electrically conductive layer structures. In other
words, a build-up may be continued until a desired number
of layers is obtained.

[0051] After having completed formation of a stack of
electrically insulating layer structures and electrically con-
ductive layer structures, it is possible to proceed with a
surface treatment of the obtained layers structures or com-
ponent carrier.

[0052] In particular, an electrically insulating solder resist
may be applied to one or both opposing main surfaces of the
layer stack or component carrier in terms of surface treat-
ment. For instance, it is possible to form such as solder resist
on an entire main surface and to subsequently pattern the
layer of solder resist so as to expose one or more electrically
conductive surface portions which shall be used for electri-
cally coupling the component carrier to an electronic periph-
ery. The surface portions of the component carrier remaining
covered with solder resist may be efficiently protected
against oxidation or corrosion, in particular surface portions
containing copper.

[0053] It is also possible to apply a surface finish selec-
tively to exposed electrically conductive surface portions of
the component carrier in terms of surface treatment. Such a
surface finish may be an electrically conductive cover mate-
rial on exposed electrically conductive layer structures (such
as pads, conductive tracks, etc., in particular comprising or
consisting of copper) on a surface of a component carrier. If
such exposed electrically conductive layer structures are left
unprotected, then the exposed electrically conductive com-
ponent carrier material (in particular copper) might oxidize,
making the component carrier less reliable. A surface finish
may then be formed for instance as an interface between a
surface mounted component and the component carrier. The
surface finish has the function to protect the exposed elec-
trically conductive layer structures (in particular copper
circuitry) and enable a joining process with one or more
components, for instance by soldering. Examples for appro-
priate materials for a surface finish are Organic Solderability
Preservative (OSP), Electroless Nickel Immersion Gold
(ENIG), gold (in particular Hard Gold), chemical tin, nickel-
gold, nickel-palladium, Electroless Nickel Immersion Pal-
ladium Immersion Gold (ENIPIG), etc.

[0054] The aspects defined above and further aspects of
the invention are apparent from the examples of embodi-
ment to be described hereinafter and are explained with
reference to these examples of embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] FIG. 1 illustrates a cross-sectional view of a struc-
ture obtained during carrying out a method of manufacturing
a component carrier by connecting a component carrier
structure with a further component carrier structure accord-
ing to an exemplary embodiment.

[0056] FIG. 1A illustrates a cross-sectional view of larger
portions of component carrier structures of the structure
according to FIG. 1.

[0057] FIG. 2 illustrates a cross-sectional view of a com-
ponent carrier according to an exemplary embodiment.
[0058] FIG. 3 illustrates a cross-sectional view of a com-
ponent carrier according to another exemplary embodiment.
[0059] FIG. 4. FIG. 5, FIG. 6, FIG. 7 and FIG. 8 illustrate
cross-sectional views of structures obtained during carrying
out methods of manufacturing component carriers according
to exemplary embodiments.
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[0060] FIG. 9 illustrates a cross-sectional view of a struc-
ture obtained during carrying out a method of manufacturing
a component carrier by connecting a component carrier
structure with a component according to an exemplary
embodiment.

DETAILED DESCRIPTION OF ILLUSTRATED
EMBODIMENTS

[0061] The illustrations in the drawings are schematically
presented. In different drawings, similar or identical ele-
ments are provided with the same reference signs.

[0062] Before referring to the drawings, exemplary
embodiments will be described in further detail, some basic
considerations will be summarized based on which exem-
plary embodiments of the invention have been developed.

[0063] According to an exemplary embodiment of the
invention, at least one electrically conductive contact ele-
ment at a contact surface of a component carrier structure
which is to be electrically and mechanically connected with
another component carrier structure may be configured as a
rough dimple which can be filled partially or entirely with a
preferably pasty electrically conductive connection medium
for establishing a reliable z-interconnection between the
component carrier structures. As a result, a component
carrier, such as a printed circuit board (PCB), may be
obtained which has a short-path and therefore low-loss and
compact vertical electric connection while at the same time
providing a reliable protection against an undesired delami-
nation of the interconnected component carrier structures, in
particular in the event of horizontal shear forces. The
described interconnection technique may reduce internal
stress in the component carrier and may convert shear stress
into multidirectional stress while simultaneously ensuring a
proper electrical performance.

[0064] Descriptively speaking, a prepreg sheet may be
laser drilled for creating at least one through hole which can
then be filled with metallic (for instance copper) paste or the
like. One or both facing main surfaces of two or more
component carrier structures (such as PCBs or laminated
layers stacks) may be made subject to a selective etching
process for defining one or more recesses in aligned elec-
trically conductive contact elements of the component car-
rier structures to be connected. Preferably, such a respective
recess may be defined by a concave cavity with—compared
with dimensions of the cavity—smaller dimensioned surface
profile structures formed on a wall delimiting the cavity. The
prepreg sheet with the one or more sections filled with the
metallic paste may then be sandwiched between the com-
ponent carrier structures so that the one or more recesses are
aligned with the one or more sections of metallic paste,
which is thereby pressed into the recess(es). The component
carrier structures and the dielectric sheet in between may
then be interconnected by lamination, i.e. by mechanical
pressure, preferably accompanied by an elevated tempera-
ture. As a result, a component carrier (for instance a PCB)
may be obtained with short vertical electrical connections
and a reliable mechanical integrity.

[0065] A main challenge when developing a z-intercon-
nection in a component carrier is to overcome delamination
(i.e. separation in the interface between interconnected com-
ponent carrier structures or substructures) and slipping vias.
In particular these two defects are considered to occur
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mainly due to a poor surface adhesion between a metallic
paste and a board-to-via surface especially when a stress
level is high.

[0066] To overcome these and/or other issues, an exem-
plary embodiment of the invention is creating a rough
dimple or an uneven cavity on the via pad(s) to be inter-
connected in order to ensure a high surface adhesion and a
mechanical obstacle for high stability. For example, the
creation of such a rough dimple can be executed by a
photolithographic process by which an entire board or other
component carrier structure is covered by a photoresist,
while only one or more z-interconnection pads or other
contact elements remain uncovered. Once the photolitho-
graphic process is completed, the component carrier struc-
ture may proceed to an etching process (or another alterna-
tive such as a bond process) in order to etch part of the
contact element(s) to thereby create a rough surface profile
in a cavity. A preferred result of such a process may be a
rounded rough dimple shape or a rectangular or trapezoid
cavity that may properly hold metallic paste (or another
electrically conductive connection medium) after pressing.
For said roughening, any desired etching process may be
correspondingly adapted. It is however also possible to use
other adhesion promotors, such as a bond process, etc. Also,
a mechanical treatment (for instance by drilling, in particular
mechanically drilling or laser drilling, or by grinding) of the
contact elements may be carried out for creating the recess
(es).

[0067] For instance, embodiments of the invention are
particularly appropriate for large-dimension component car-
riers, such as those used for space applications. Exemplary
embodiments of the invention may provide component
carriers with high reliability and being manufacturable with
high yield.

[0068] FIG. 1 illustrates a cross-sectional view of a struc-
ture obtained during carrying out a method of manufacturing
a component carrier 100 (shown in FIG. 2) according to an
exemplary embodiment. FIG. 1A illustrates a cross-sectional
view of larger portions of component carrier structures 104,
112 of the structure according to FIG. 1. In other words, FIG.
1 illustrates substantially a detail 138 of FIG. 1A. More
specifically, FIG. 1A illustrates two sub-boards, laminated
layers stacks or even printed circuit board (PCBs) to be
interconnected for obtaining a highly reliable high-perfor-
mance vertical electric coupling and simultaneously a strong
mechanical connection in the horizontal plane without a risk
of delamination. FIG. 1 illustrates details of approximately
a portion 138 of what is shown in FIG. 1A.

[0069] As abasis for the described manufacturing process,
a first component carrier structure 104 is shown in FIG. 1
and FIG. 1A, comprising a first laminated layer stack 102.
The latter is composed of a plurality of first electrically
conductive layer structures 106 and a plurality of first
electrically insulating layer structure 108. The first electri-
cally conductive layer structures 106 have a plurality of first
contact elements 107 which extend up to a first contact
surface 109 of the first stack 102. When a component 130,
such as a semiconductor chip, is embedded in the first stack
102, the first component carrier structure 104 has an
extended functionality. However, the first component carrier
structure 104 with embedded component 130 may then be
more prone to internal stress (for instance thermal stress),
which may cause undesired phenomena such as delamina-
tion and/or warpage. In particular, delamination may how-
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ever be strongly suppressed by the interconnection tech-
nique according to an exemplary embodiment of the
invention, as described below in further detail.

[0070] Furthermore, an additional basis for the described
manufacturing process is a second component carrier struc-
ture 112 which comprises a second laminated layer stack 110
comprising a plurality of second electrically conductive
layer structures 114 and a plurality of second electrically
insulating layer structures 116. Said second electrically
conductive layer structures 114 have second contact ele-
ments 115 which extend up to a second contact surface 117
of the second stack 110. In the shown embodiment, each of
the contact elements 107, 115 has a copper filled laser via
with tapering sidewalls 132. Later during the manufacturing
process, the component carrier structures 104, 112 are to be
interconnected at their facing contact surfaces 109, 117.
Optionally, a further component 130, such as a semiconduc-
tor chip, may be embedded in the second stack 110 which
may result in the above-described advantages, in terms of
extended functionality, and avoidance or reduction of issues
in terms of delamination, warpage, etc.

[0071] In particular, each of the first component carrier
structure 104 on a bottom side and the second component
carrier structure 112 on a top side may be embodied as an IC
(integrated circuit) substrate or as a printed circuit board
(PCB). Thus, the first component carrier structure 104 may
be a plate-shaped laminate type layer stack 102, and the
second component carrier structure 112 may be another
plate-shaped laminate type layer stack 110. For example, the
respective electrically conductive layer structures 106, 114
may comprise patterned copper structures and vertical
through connections, for example copper filled laser vias.
The electrically insulating layer structures 108, 116 may
comprise a resin (such as epoxy resin) and optionally
reinforcing particles therein (for instance glass fibers or
glass spheres). For instance, the electrically insulating layer
structures 108, 116 may be made of FR4 or ABF.

[0072] As best seen in FIG. 1A, a planar dielectric sheet
126 may be arranged between the still separate component
carrier structures 104, 112. The dielectric sheet 126 may be
embodied for example to comprise or consist of a curable
material, such as an uncured epoxy resin. For instance,
reinforcing particles such as glass fibers may be integrated
in the resin matrix. For instance, the dielectric sheet 126 may
be an epoxy resin sheet or a prepreg sheet. The described
configuration of the dielectric sheet 126 makes it possible
that the dielectric sheet 126 becomes flowable and adhesive
when being mechanically pressed between component car-
rier structures 104, 112, preferably accompanied by a supply
of thermal energy. Thus, mechanical pressure and/or
elevated temperature may trigger curing of the previously
uncured resin material of the dielectric sheet 126 so that the
resin at least partially cures to thereby cause adhesion
between the component carrier structures 104, 112.

[0073] As shown in FIG. 1A, a plurality of through holes
may be formed in the dielectric sheet 126. This may be
accomplished for example by drilling, in particular by laser
drilling. As a result, a perforated dielectric sheet 126 may be
obtained. After said perforation, an electrically conductive
connection medium 118 may be inserted (for instance
printed or dispensed) in each of the drilled through holes of
the dielectric sheet 126, still before connecting the first
component carrier structure 104 with the second component
carrier structure 112 with the dielectric sheet 126 having the
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electrically conductive connection medium 118 in between.
Preferably, such an electrically conductive connection
medium 118 may be freely formable, highly viscous or even
semi-flowable, so as to reliably remain inside of the through
holes without dropping out of the through holes. However,
the electrically conductive connection medium 118 may at
the same time be sufficiently deformable so as to be reliably
pressable into recesses 120, 120' formed in the contact
surfaces 109, 117 and shown in FIG. 1, as described below.
Preferably, the electrically conductive connection medium
118 is an electrically conductive paste, such as a copper
paste or a silver paste.

[0074] Referring again to FIG. 1, a respective recess 120
may be formed in each of the exposed first contact elements
107. As shown in FIG. 1, such a recess 120 comprises a
larger dimensioned cavity 122 delimited by a smaller dimen-
sioned surface profile 124. Correspondingly, a respective
recess 120' may be formed in each of the exposed second
contact elements 115. Also, recesses 120' may comprise a
larger dimensioned cavity 122 delimited by a smaller dimen-
sioned surface profile 124 on a wall delimiting cavity 122.
Recesses 120, 120" may be formed by etching the contact
elements 107, 115, wherein an adjustment of the etching
parameters and conditions allows defining geometric param-
eters, shape and dimensions of the cavities 122 and the
surface profiles 124. As a result of such a controlled etching
process, the vias with rough dimple, as shown in FIG. 1, may
be obtained.

[0075] As shown in FIG. 1 and FIG. 1A as well, the
component carrier structures 104, 112 and the dielectric
sheet 126 with the electrically conductive connection
medium 118 in its through holes may be positioned relative
to each other in such a way that each reservoir of electrically
conductive connection medium 118 in dielectric sheet 126 is
aligned with and is arranged between two respectively
aligned contact elements 107, 115 of the component carrier
structures 104, 112 prior to their interconnection.

[0076] FIG. 2 illustrates a cross-sectional view of a com-
ponent carrier 100 according to an exemplary embodiment.
[0077] Inorder to obtain the component carrier 100 shown
in FIG. 2, the first contact elements 107 at the first contact
surface 109 may be connected with the second contact
elements 115 at the second contact surface 117 by filling the
electrically conductive connection medium 118 into the
recesses 120, 120'. This may be achieved by connecting the
first component carrier structure 104 with the second com-
ponent carrier structure 112 with the dielectric sheet 126
with its reservoirs of electrically conductive contact medium
118 in between. This process may involve mechanically
pressing the component carrier structures 104, 112 and the
dielectric sheet 126 together. Advantageously, this pressing
process may be accompanied by thermal energy. During this
pressing process, the deformable viscous pasty electrically
conductive connection medium 118 may be pressed into the
recesses 120, 120'. Simultaneously, the pressing and supply
of thermal energy will trigger curing (for instance by becom-
ing flowable, cross-linking, and re-solidifying) of the cur-
able resin material of the dielectric sheet 126 upon estab-
lishing the press connection between the first component
carrier structure 104 and the second component carrier
structure 112 with the dielectric sheet 126 in between.
Consequently, the cured epoxy resin (or another appropriate
curable material) will adhesively connect the component
carrier structures 104, 112 mechanically, apart from the
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regions in which the electric connection is established by the
electrically conductive connection medium 118.

[0078] As aresult of the described manufacturing process,
the component carrier 100 shown partially in FIG. 2 can be
obtained. This component carrier 100 comprises the first
component carrier structure 104 with its first stack 102 as
described above, the second component carrier structure 112
comprising its second stack 110 as described above, and the
above described dielectric sheet 126 with its through holes
128 filled with the electrically conductive connection
medium 118 in between the interconnected component car-
rier structures 104, 112.

[0079] More specifically, each of the various islands of
electrically conductive connection medium 118 directly con-
nects a respective one of the first contact elements 107 at the
first contact surface 109 with a respective one of the second
contact elements 115 at the second contact surface 117 by
filling the assigned recesses 120, 120' of said first contact
elements 107 and said second contact elements 115. As
described above, each of the recesses 120, 120' comprises a
larger dimensioned cavity 122 delimited by a smaller dimen-
sioned surface profile 124.

[0080] In the embodiment of FIG. 2, the cavity 122 has a
round shape, such as a substantially circular shape. Advan-
tageously, this may result in a favorable interference energy,
a sufficiently large contact surface, and a proper geometric
stability.

[0081] The direct electrically conductive path established
by a respective first contact element 107, a respective second
contact element 115, and an island of electrically conductive
connection medium 118 in between contributes to an elec-
trically conductive vertical through connection for vertically
connecting the first component carrier structure 104 and the
second component carrier structure 112 with a short path.
This keeps the loss of electric signals propagating along said
path small, and allows manufacturing a component carrier
100 with small space consumption. Even in the presence of
high internal stress (for instance caused by inhomogeneous
thermal expansion within the component carrier 100, in
view of the different coefficients of thermal expansion of
semiconductor material of embedded components 130 and
copper and resin material of stacks 102, 110), the illustrated
component carrier 100 does not show a pronounced ten-
dency of delamination or warpage. Furthermore, shear
forces (indicated schematically in FIG. 2 by arrows 150)
acting in a horizontal direction are inhibited or even disabled
from delaminating component carrier 100 in view of the
form closure between the electrically conductive connection
medium 118 and the stacks 102, 110 thanks to the described
geometry of the recesses 120, 120'".

[0082] FIG. 3 illustrates a cross-sectional view of a com-
ponent carrier 100 according to another exemplary embodi-
ment.

[0083] According to FIG. 3, the cavity 122 has a substan-
tially rectangular shape, resulting in a proper encapsulation
of the electrically conductive connection medium 118. A
proper geometric stability and a high contact surface may be
achieved by this shape.

[0084] Still referring to a FIG. 3, each of the cavities 122
may have a depth, D, of for instance 15 um and a width, L,
of for instance 30 pm. This may result in a pronounced form
closure between the electrically conductive connection
medium 118 in the cavities 122 and the stacks 104, 110,
which may significantly suppress undesired delamination
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even in the event of shear forces 150. Furthermore, the
surface profile 124 has an average top to bottom distance, d,
of for instance 5 pm. For determining the average top to
bottom distance, the vertical distance between a protrusion
and an adjacent indentation of the surface profile 124 shall
be averaged over at least five, in particular over all, protru-
sions and directly adjacent indentations constituting the
surface profile 124 along the extension of the cavity 122 in
the cross-section of the component carrier 100 according to
FIG. 3. Consequently, a mechanical interlocking between
material of the contact elements 107, 115 forming protru-
sions delimiting the surface profile 124 of the recesses 120,
120" on the one hand and metal paste-filled indentations of
the surface profile 124 may provide an additional protection
against delamination. The synergetic combination of the
advantageous effects of the large-dimensioned cavities 122
and the smaller-dimensioned surface profile 124 may result
in a significant improvement of connection strength.
[0085] FIG. 4 to FIG. 8 illustrate cross-sectional views of
structures obtained during carrying out methods of manu-
facturing component carriers 100 according to exemplary
embodiments.

[0086] Referring to FIG. 4, first stack 102 of first compo-
nent carrier structure 104 described in detail referring to
FIG. 1 and FIG. 1A is shown before formation of recess 120.
In order to obtain the structure shown in FIG. 4, the upper
main surface of the first stack 102 is covered by a layer of
photoresist, as etch protection structure 134. Thereafter, the
photoresist may be patterned, for instance by lithography
and etching. As a result, only part of the first contact surface
109 (and part of the second contact surface 117) remains
covered with etch protection structure 134, which is embod-
ied as patterned layer of photoresist.

[0087] Referring to FIG. 5, a round recess 120 is formed
in the exposed window of the etch protection structure 134
by etching an exposed surface portion of the first contact
element 107 at the first contact surface 109.

[0088] In order to obtain the structure shown in FIG. 6, the
etch protection structure 134 is removed from the first stack
102 after etching, for instance by stripping or a further
etching procedure.

[0089] The structures shown in FIG. 7 and FIG. 8 can be
manufactured in a corresponding way as the structures
shown in FIG. 4 to FIG. 6 with the difference that a
rectangular (rather than a round) recess 120 is formed
according to FIG. 7 and FIG. 8. The different geometry of
the round recess 120 according to FIG. 6 and the rectangular
recess 120 according to FIG. 8 results from different etching
parameters. The etching process according to FIG. 7 and
FIG. 8 is more aggressive and shows another level of
anisotropy as compared to the etching process according to
FIG. 4 to FIG. 6. For instance, wet etching and/or plasma
etching may be used, alone or in combination. Etchant
composition, etchant additives and/or etching time are
examples for parameters which can be modified for adjust-
ing the properties of the cavity 122 and the surface profile
124.

[0090] FIG. 9 illustrates a cross-sectional view of a struc-
ture obtained during carrying out a method of manufacturing
a component carrier 100 by connecting a component carrier
structure 104 with a component 140 according to an exem-
plary embodiment. Substantially, the embodiment of FIG. 9
differs from the embodiment of FIG. 1 in that a recessed
component 140 rather than a second component carrier
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structure 112 is connected with first component carrier
structure 104. For instance, component 140 may be a heat
sink or a semiconductor chip.

[0091] It should be noted that the term “comprising” does
not exclude other elements or steps and the article “a” or
“an” does not exclude a plurality. Also, elements described
in association with different embodiments may be com-
bined.

[0092] Implementation of the invention is not limited to
the preferred embodiments shown in the figures and
described above. Instead, a multiplicity of variants is pos-
sible which use the solutions shown and the principle
according to the invention even in the case of fundamentally
different embodiments.

1. A component carrier, comprising:

a first component carrier structure comprising a first stack
which comprises at least one first electrically conduc-
tive layer structure and at least one first electrically
insulating layer structure, wherein the at least one first
electrically conductive layer structure has a first contact
element which extends up to a first contact surface of
the first stack; and

an electrically conductive connection medium directly
connected to the first contact element at the first contact
surface by filling at least one recess of the first contact
element, the at least one recess comprising a larger
dimensioned cavity delimited by a smaller dimen-
sioned surface profile.

2. The component carrier according to claim 1, further

comprising:

a second component carrier structure comprising a second
stack which comprises at least one second electrically
conductive layer structure and at least one second
electrically insulating layer structure, wherein the at
least one second electrically conductive layer structure
has a second contact element which extends up to a
second contact surface of the second stack;

wherein the electrically conductive connection medium
directly connects the first contact element at the first
contact surface with the second contact element at the
second contact surface by filling the at least one recess
of the first contact element and optionally of the second
contact element.

3. The component carrier according to claim 1, further

comprising:

a component;

wherein the electrically conductive connection medium
directly connects the first contact element at the first
contact surface with the component by filling at least
one recess of the first contact element and optionally of
the component.

4. The component carrier according to claim 1, compris-

ing at least one of the following features:

wherein the cavity has a depth of at least 10 pm, in
particular of at least 15 um;

wherein the cavity has a width of at least 20 um, in
particular of at least 30 um;

wherein the surface profile has an average top to bottom
distance of at least 2 um, in particular of at least 4 um;

wherein the surface profile has an average top to bottom
distance of not more than 15 um, in particular of not
more than 10 um.

5. The component carrier according to claim 1, compris-

ing at least one of the following features:
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wherein the cavity has a round shape, in particular at least
one of a circular shape, an oval shape and a cylindrical
shape;

wherein the cavity has a rectangular shape, in particular
with rounded corners;

wherein the cavity is free of sharp edges.

6. The component carrier according to claim 2, wherein a
first recess is formed in the first contact element and a
second recess is formed in the second contact element or in
the component, and wherein both the first recess and the
second recess are filled with the electrically conductive
connection medium.

7. The component carrier according to claim 1, wherein
the electrically conductive connection medium comprises a
viscous deformable medium, in particular an electrically
conductive paste, more particularly a silver paste or a copper
paste.

8. The component carrier according to claim 1, wherein
the electrically conductive connection medium comprises an
electrically conductive polymer.

9. The component carrier according to claim 2, wherein at
least one of the first contact element and the second contact
element contributes to an electrically conductive vertical
through connection for vertically electrically connecting the
first component carrier structure and the second component
carrier structure.

10. The component carrier according to claim 1, wherein
at least one of the first contact element and the second
contact element comprises or consists of a via, in particular
a via with tapering sidewalls.

11. The component carrier according to claim 2, further
comprising:

a dielectric sheet having at least one through hole filled
with the electrically conductive connection medium,
the dielectric sheet being arranged between the first
component carrier structure and the second component
carrier structure or the component.

12. The component carrier according to claim 11, wherein
the dielectric sheet comprises or consists of an adhesive
material, in particular prepreg or resin.

13. A method of manufacturing a component carrier, the
method comprising:

forming a first component carrier structure comprising a
first stack which comprises at least one first electrically
conductive layer structure and at least one first electri-
cally insulating layer structure, wherein the at least one
first electrically conductive layer structure has a first
contact element which extends up to a first contact
surface of the first stack; and

directly connecting the first contact element at the first
contact surface to an electrically conductive connection
medium by filling at least one recess of the first contact
element with the electrically conductive connection
medium, the at least one recess comprising a larger
dimensioned cavity delimited by a smaller dimen-
sioned surface profile.

14. The method according to claim 13, the method further

comprising:
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forming a second component carrier structure comprising
a second stack which comprises at least one second
electrically conductive layer structure and at least one
second electrically insulating layer structure, wherein
the at least one second electrically conductive layer
structure has a second contact element which extends
up to a second contact surface of the second stack; and

directly connecting the first contact element at the first
contact surface with the second contact element at the
second contact surface by filling at least one recess of
the first contact element and optionally of the second
contact element with the electrically conductive con-
nection medium.
15. The method according to claim 14, the method further
comprising:
providing a component; and
directly connecting the first contact element at the first
contact surface with the component by filling at least
one recess of the first contact element and optionally of
the component with the electrically conductive connec-
tion medium.
16. The method according to claim 14, wherein the
method comprises filling the electrically conductive connec-
tion medium into the at least one recess when connecting the
first component carrier structure with the second component
carrier structure or with the component.
17. The method according to claim 14, wherein the
method comprises providing the electrically conductive con-
nection medium in at least one through hole of a dielectric
sheet, and thereafter connecting the first component carrier
structure with the second component carrier structure or
with the component with the dielectric sheet in between.
18. The method according to claim 17, comprising at least
one of the following features:
wherein the method comprises providing the dielectric
sheet with a curable material, and at least partially
curing the curable material of the dielectric sheet upon
connecting the first component carrier structure with
the second component carrier structure or with the
component with the dielectric sheet in between;

wherein the method comprises forming the at least one
through hole of the dielectric sheet by one of the group
consisting of drilling, in particular by laser drilling or
mechanically drilling, punching, and etching;

wherein the method comprises filling the electrically
conductive connection medium in form of a paste in the
at least one through hole of the dielectric sheet.

19. The method according to claim 13, wherein the
method comprises forming the at least one recess by etching,
drilling, in particular mechanically drilling or laser drilling,
or grinding at least one of the first contact element at the first
contact surface, and the second contact element at the
second contact surface.

20. The method according to claim 19, wherein the
method comprises covering at least one of part of the first
contact surface, and part of the second contact surface with
a protection structure during etching, drilling, or grinding.
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