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Component carrier with integrated flux gate sensor

Field of the Invention

The present invention relates to a component carrier with an integrated flux gate
sensor and further relates to a manufacturing method for manufacturing a

component carrier with integrated flux gate sensor.

Related Art

A conventional planar flux gate sensor comprises a magnetic core of a generally
elongated shape overlying an energizing coil. By supplying the energizing coil
with an appropriate AC excitation current, it is possible to bring the magnetic
core into a series of cycles of magnetic saturation. Sensing of external fields is
obtained via a pair of sensing coils, generally set underneath the ends of the

magnetic core.

EP 2 194 391 A1l discloses a broad range magnetic sensor and manufacturing
process thereof, wherein the magnetic sensor is formed by a flux gate sensor
and by at least one hall sensor. Therein, the magnetic core of the flux gate
sensor is formed by a magnetic region that operates also as a concentrator for
the hall sensor. The magnetic region is manufactured in a post-machining stage
on the metallization layers wherein the energizing coil and sensing coil of the flux
gate sensor are formed. The energizing and sensing coils are formed on a
semiconductor substrate housing the conductive regions of the hall sensor. The
flux gate sensor described in EP 2 194 391 Al comprises an energizing coil
overlying four sensing coils and underlying a magnetic core. The energizing coil
is generally square-shaped and the magnetic core is cross-shaped and includes a
first arm and a second arm, perpendicular to one another. The sensing coils are
set in pairs with vertical axes passing in the proximity of the ends of the arms of
the magnetic core. If the energizing coil is supplied with an appropriate
excitation current, able to cause saturation of the magnetic material at an
appropriate frequency, the two halves of the first arm are magnetized in opposite
directions. In the absence of an external magnetic field, the two sensing coils

experience two equal and zero induced voltages, if they have been connected in
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a differential configuration. Instead, if an external magnetic field is present, a
first half of the first arm is magnetized in the same direction as the external field,
thus amplifying its own total magnetization, whereas a second half of the first
arm is magnetized in an opposite direction and its total magnetization is reduced.
It follows that the differential voltage of the sensing coil is non-zero and is
amplitude-modulated by the intensity of the external field. Thereby, an external
field can be measured with high sensitivity and high reliability. The presence of a
second arm enables to measure components of an external field in two directions
and presence of a further arm perpendicular to the two arms further enables to
measure components of the external field in three for example perpendicular

directions, thereby enabling a 3D flux gate sensor.

DE 10 2004 052 909 A1l discloses a printed circuit board having a sensor for a
weak magnetic field, comprising a base plate on which a first circuit is formed for
excitation and a first circuit is formed for detection, bodies having a soft
magnetic core which are laminated above and below the base plate and which
are formed from a plurality of soft magnetic cores, and further comprising outer
layers which are respectively laminated onto the bodies having the soft magnetic
core and on which a second circuit for the excitation and a second circuit of the

detection are formed.

US 6,270,686 B1 discloses a weak-field magnetic field sensor having etched
circuit coils, including an amorphous core having epoxy bases stacked relative to
one another on top and bottom surfaces thereof. One epoxy base has a coil Y
etched thereon, a second epoxy base has a coil X etched thereon and the
remaining epoxy base has circular patterns etched thereon. The amorphous core
is formed from at least two amorphous thin boards stacked on opposite sides of
an epoxy base thin board.

The conventional flux gate sensor or generally sensors for detecting a magnetic
field may require a voluminous space, may not be reliable in all conditions and

may not have a sufficient accuracy or may not have a desirable sensitivity.

Thus, there may be a need for a magnetic field sensor, in particular a flux gate

sensor, or generally a magnetic field sensor which requires less space, has a
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better reliability, an improved accuracy and/or an improved sensitivity.
Furthermore, there may be a need for a flux gate sensor having an improved
energy efficiency, in particular requiring less energy or having a smaller energy

consumption for operation.

Summary of the Invention

This need may be solved by the subject-matter of the independent claims. The
dependent claims specify particular embodiments of the present invention.

According to an embodiment of the present invention it is provided a component
carrier with integrated magnetic field sensor (e.g. magnetometer), in particular
(planar) fluxgate sensor, wherein the component carrier comprises a plurality of
electrically conductive layer structures and/or electrically insulating layer
structures; an excitation coil and sensor coils arranged on and/or in the layer
structures; a first magnetic structure above the excitation coil and sensors coils;

and a second magnetic structure below the excitation coil and sensors coils.

The magnetic field sensor may be configured to measure a magnetic field or
magnetic flux in at least one direction, in particular to measure strength and
direction of a magnetic field, and may be configured as a (planar) fluxgate

Sensor.

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 component carrier may
also be a hybrid board combining different ones of the above mentioned types of

component carriers.

In an embodiment, the component carrier comprises a stack of at least one
electrically insulating layer structure and at least one electrically conductive layer
structure. For example, the component carrier may be a laminate of the

mentioned electrically insulating layer structure(s) and electrically conductive
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layer structure(s), in particular formed by applying mechanical pressure, if
desired supported by 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 particularly denote a continuous layer, a patterned layer or

a plurality of non-consecutive islands within a common plane.

In an 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 component, can be conveniently
embedded, thanks to its small thickness, into a thin plate such as a printed
circuit board.

In an embodiment, the component carrier is configured as one of the group
consisting of a printed circuit board, and a substrate (in particular an IC

substrate).

In the context of the present application, the term “printed circuit board” (PCB)
may particularly denote a component carrier (which may be plate-shaped (i.e.
planar), three-dimensionally curved (for instance when manufactured using 3D
printing) or which may have any other shape) which is formed by laminating
several electrically conductive layer structures with several electrically insulating
layer structures, for instance by applying pressure, if desired accompanied 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 connected 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).
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In the context of the present application, the term “substrate” may particularly
denote a small component carrier having substantially the same size as a
component (in particular an electronic component) to be mounted thereon. More
specifically, a substrate can be understood as a carrier for electrical connections
or electrical 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 connections. 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 and/or mechanical connections of housed
components or unhoused components (such as bare dies), particularly 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 spheres (such as glass spheres).

In an embodiment, the 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 Bismaleimide-Triazine resin,
more specifically FR-4 or FR-5), cyanate ester, polyphenylene derivate, glass (in
particular glass fibers, multi-layer glass, glass-like materials), prepreg material,
polyimide, polyamide, liquid crystal polymer (LCP), epoxy-based Build-Up Film,
polytetrafluoroethylene (Teflon), a ceramic, and a metal oxide. Reinforcing
materials such as webs, fibers or spheres, for example made of glass (multilayer
glass) may be used as well. Although prepreg or FR4 are usually preferred, other
materials may be used as well. For high frequency applications, high-frequency
materials such as polytetrafluoroethylene, liquid crystal polymer and/or cyanate
ester resins may be implemented in the component carrier as electrically

insulating layer structure.

In an embodiment, the at least one electrically conductive layer structure
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 coated
with supra-conductive material such as graphene.

The at least one component can be selected from a group consisting of an
electrically non-conductive inlay, an electrically conductive inlay (such as a metal

inlay, preferably comprising copper or aluminum), a heat transfer unit (for
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example a heat pipe), a light guiding element (for example an optical waveguide
or a light conductor connection), an electronic component, or combinations
thereof. For example, the component can be an active electronic component, 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 optoelectronic
interface element, a voltage converter (for example a DC/DC converter or an
AC/DC converter), a cryptographic component, a transmitter and/or receiver, an
electromechanical transducer, a sensor, an actuator, a microelectromechanical
system (MEMS), a microprocessor, a capacitor, a resistor, an inductance, 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 soft magnetic element, in particular a ferromagnetic element,
an antiferromagnetic element or a ferrimagnetic element, for instance a ferrite
core or may be a paramagnetic element. However, the component may also be 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 components, in particular
those which generate and emit electromagnetic radiation and/or are sensitive
with regard to electromagnetic radiation propagating from an environment, may

be used as component.

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, if desired accompanied by heat.

The component carrier may be configured to carry further electric and/or
electronic components, such as resistances, capacitors, diodes, transistors, or
integrated circuits. The flux gate sensor is capable of measuring at least one
component of an external magnetic field, for example providing a 1D flux gate
sensor. For achieving a 1D flux gate sensor, at least one excitation coil and two
sensor coils or two windings of one sensor coil may be present. For achieving a
2D flux gate sensor, at least one excitation coil and four sensor coils (e.g.

arranged in a plane) may be present. For achieving a 3D flux gate sensor, at
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least two excitation coils and six sensor coils may be present or an integrated

field shaping element.

The excitation coil and the sensor coil may be realized for example by
appropriately etched copper traces etched on the electrically insulating layer
structures. The excitation coil and/or the sensor coil may be present on one or
more of the electrically insulating layer structures. Portions of the excitation coil
and/or the sensor coils on different layers may be electrically connected via

through-holes or vias.

For a 1D flux gate sensor or a 2D flux gate sensor, the excitation coil and the
sensor coil may substantially be arranged adjacent to each other side by side
substantially in a same vertical height or position. For example, the excitation
coil and the sensor coil or at least portions thereof may be formed on a same
layer of the electrically insulating layers or layer structures. Thereby,
manufacturing may be simplified. In one layer, the excitation coil and/or the
sensor coil may for example comprise N windings, where N is more than 1, e.g.
between 5 and 100 windings, in particular between 10 and 20 windings, for
example 15 windings. The excitation coil and the sensor coils may for example
be arranged in between M coils, where M is more than 1, e.g. between two and
six or even greater,in particular four stacked layers. E.g. within a n-layer
component carrier or PCB, a m-layer fluxgate may be integrated. The excitation
coil and the sensor coils may be configured substantially in a same shape, for
example configured as rectangular, circular or quadratic spirals. The windings
may for example be formed as copper traces. The excitation coil and the sensor
coils may for example be manufactured by etching a copper layer covering

insulating layer structure.

The magnetic structures may be magnetizable and may for example comprise
ferromagnetic or ferrimagnetic material. The magnetic structures usually do not
have a permanent magnetic field or do not generally generate their own
magnetic field but are magnetizable and highly permeable to magnetic fields.
The excitation coil when supplied with an appropriate AC current, may generate a
magnetic field in the first magnetic structure and also in the second magnetic

structure during operation as a flux gate sensor. Herein, in the first magnetic
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structure as well as in the second magnetic structure, due to the relative
arrangement of the excitation coil and the first magnetic structure and the
second magnetic structure, magnetic fields may be generated (within the first
magnetic structure and/or the second magnetic structure) which point in
opposite directions as it is known from conventional planar flux gate sensors.
Both, the first magnetic structure and also the second magnetic structure may be
a continuous structure, for example each being integrally formed. The first
magnetic structure and/or the second magnetic structure may be formed directly
on one of the electrically insulating layer structures or may be pre-fabricated and
may be attached to one of the electrically insulating layer structures. The first
magnetic structure and/or second magnetic structure may have a similar or
same thickness, for example between 1 pm and 500 ym,in particular between 10
pm and 100 pm or have different thicknesses depending on the respective
material and/or the desired goal. The first magnetic structure and the second
magnetic structure may be made of different materials and may have a same or
a different shape. A vertical distance between the excitation coil and the sensor
coils on one hand and the first magnetic structure may be substantially equal or
at least similar to a vertical distance between the excitation coil and the sensor
coils on one hand and the second magnetic structure on the other hand. The first
magnetic structure and the second magnetic structure may sandwich the
excitation coil and the sensor coils therebetween.

The first magnetic structure (also referred to as core plate) as well as the second
magnetic structure may focus magnetic flux lines therein and in particular the
second magnetic structure may contribute to enclosing the magnetic flux lines to
concentrate them into the magnetic structures. By concentrating the magnetic
flux lines within the first magnetic structure and/or the second magnetic
structure, the energy required to drive the excitation coil to generate an
alternating magnetic field may be reduced. Thereby, to achieve a similar
sensitivity as a conventional flux gate sensor, less energy for driving the
excitation coil may be required.

The first magnetic structure as well as the second magnetic structure may be
configured as a foil or a sheet or plate primarily extending in a plane parallel to
the electrically insulating layer structures of the component carrier. The first

magnetic structure and/or the second magnetic structure may for example be
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made by cutting appropriate shapes from pre-fabricated foils which may be
conventionally available or from conventionally available metal sheets, such as
used for conventional transformers. Both, the first magnetic structure and the
second magnetic structure may be highly magnetically permeable but may be
characterized by different hysteresis curves.

According to an embodiment of the present invention, the excitation coil and the
sensors coils are arranged at least partially coplanar on and/or in the layer

structures, in particular adjacent to each other.

In the layer structures, the excitation coil and the sensor coils may substantially
extend over a same vertical height. For example, the excitation coil may not be
above or below the sensor coils but may be substantially in a same vertical
range. When the excitation coil and/or the sensor coil are configured to extend
over several layers of the insulating layer structures, at least portions of the
excitation coil and portions of the sensor coils may be arranged coplanar to each
other, in particular in a same layer of the electrically insulating layer structures,
or on the electrically insulating layer structures. When the excitation coil and the
sensor coils are at least partly coplanar to each other, they may be manufactured

on a same layer, thereby simplifying the manufacturing.

According to an embodiment of the present invention, the first magnetic
structure and/or the second magnetic structure is made of a soft magnet
material having a high maximum DC magnetic permeability, in particular
between 103 and 10° or between 10° and 107, the material in particular
comprising a (poly)crystalline an amorphous, in particular cobalt-based,
metal alloy, the material in particular comprising at least one of Co, Ni, Si, Fe,
Mo, mu-metal, a type of MetGlas, a type of Vitrovac.

When the first magnetic structure and/or the second magnetic structure has a
high magnetic permeability, they may efficiently focus magnetic field lines within
the magnetic structures, thereby improving the sensitivity or reducing energy

consumption.
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According to an embodiment of the present invention, the first magnetic
structure and/or the second magnetic structure are composed of different
materials and/or are configured as a foil or sheet. It has been found by the
inventor by performing measurements of the sensitivity and energy consumption
that different materials for the first and second magnetic structure may improve

sensitivity and/or lower energy consumption of the flux gate sensor.

According to an embodiment of the present invention, the material of the first
magnetic structure is characterized by a steeper hysteresis curve than the
material of the second magnetic structure, and/or a magnetizing field at which a
permeability is maximal is smaller for the material of the first magnetic structure
than for the material of the second magnetic structure, and/or a magnetic
reversal loss is smaller for the material of the first magnetic structure than for
the material of the second magnetic structure, and/or the material of the second
magnetic structure requires a higher external field strength to reach magnetic
saturation than the first magnetic structure. The first and second magnetic

material may have different saturation magnetizations.

The first magnetic structure may for example be characterized by a hysteresis
curve which essentially has a kink after a steep increase, wherein the kink
substantially is located at an magnetization which essentially equals to the
saturation magnetization. Thus, the material of the first magnetic structure may
essentially reach saturation for a lower magnetizing field than the material of the
second magnetic structure. Less energy may be required to reverse the
magnetization of the material of the first magnetic structure than to reverse the
magnetization of the material of the second magnetic structure. The magnetic
permeability generally may change with a varying magnetizing field. The
permeability of both the materials of the first magnetic structure as well as the
second magnetic structure may, starting from a vanishing magnetizing field, may
increase to adopt a maximum at a particular magnetizing field and may then
decrease, as saturation of the magnetization is reached. The magnetic reversal
loss may correspond to an area enclosed by the hysteresis curves of the
respective materials. The magnetic reversal loss may be related to the energy
required to magnetize the respective material or reverse its (saturated)

magnetization.
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The inventors found that when one of these properties of the material of the first
and second magnetic structure is satisfied, and if further the shape of the first
and second magnetic structure are appropriately selected or designed, the
sensitivity can be increased or the energy consumption can be decreased.
Selection of material and shape may lead to improved energy efficiency and/or

sensitivity.

According to an embodiment of the present invention, the excitation coil, the first
magnetic structure and the second magnetic structure are configured, in
particular together with a driver circuitry for the excitation coil, such that the
excitation coil generates an alternating magnetic field, in particular having a
frequency between 1 and 200 kHz, further in particular between 10 and 100 kHz,
that saturates a magnetization in the first magnetic structure, while not
saturating the magnetization in the second magnetic structure. When the
material of the second magnetic structure is not saturating during operation of
the flux gate sensor, the sensitivity can be increased and/or the energy

consumption can be reduced.

According to an embodiment of the present invention, at least one of the
excitation coil and the sensors coils comprises conductive windings, in particular
wound in a same sense, formed on one or more, in particular between 2 and 6,
dielectric layers of the insulating layers. In n dielectric layers, m fluxgate layers
may be integrated (e.g. m < n, wherein n is a natural number). The conductive
windings may be configured as copper traces, for example comprising straight
sections running perpendicular to each other to form for example a spiral. When
the excitation coil and/or the sensor coils are arranged on more than one
dielectric layer of the insulating layers, a higher inductivity can be achieved
thereby improving sensitivity and/or accuracy and/or reducing energy

consumption.

According to an embodiment of the present invention, the dielectric layers, in
particular four dielectric layers, on which the windings of the excitation coil and
the windings of the sensors coils are formed are the same dielectric layers, or

some dielectric layers, in particular two layers, have formed thereon windings of
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the excitation coil and windings of the sensors coils, while other dielectric layers
have formed thereon no windings of the excitation coil but windings of the

sensors coils.

When the windings of the excitation coil and the windings of the sensor coils are
formed on the same dielectric layer or same dielectric layers, the manufacturing
may be simplified. The excitation coil may be comprised of electrically conductive
windings on less layers than the electrically conductive windings of the sensing
coils, for example if the magnetic field generated by the excitation coil drives the
magnetization in the first magnetic structure in saturation. In this situation, on
some of the dielectric layers portions of the excitation coil and portions of the
sensing coil may commonly be arranged, in particular side by side. In other
dielectric layers, only portions of the sensing coils may be arranged and which
may be laterally larger than the portions of the sensing coil in the dielectric
layers commonly used for harboring portions of the excitation coils as well as
portions of the sensing coils. Thus, in this situation, the sensing coils may be
formed from winding portions in different dielectric layers having different sizes.

Thereby, the sensitivity may be improved.

According to an embodiment of the present invention, an area of a lateral
extension of the first magnetic structure and/or an area of a lateral extension of
the second magnetic structure is equal as or smaller than, in particular between
20% and 40% of, a sum of areas of |lateral extensions of the excitation coil and

the sensors coils.

The area of the lateral extensions may be selected, for example such that
saturation of the magnetization in the first magnetic structure is achieved during
operation, while saturation of the magnetization is not reached in the second
magnetic structure. The lateral extension of the first magnetic structure and/or
the second magnetic structure may be largest in the direction in which the
component of the external magnetic field is to be detected. In direction
perpendicular to these directions, the extension may be smaller (e.g. smaller

than the extension of the coils), thereby saving material.
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According to an embodiment of the present invention, a lateral shape of the first
magnetic structure and/or the second magnetic structure substantially equals a
shape of a lateral region, or a diminished lateral region, covered by the excitation
coil and the sensors coils. The first magnetic structure and/or the second
magnetic structure may completely overlap the excitation coil and the sensor
coils in a projection perpendicular to the layer structures. Thereby, magnetic flux
lines may be focused and concentrated within the first and the second magnetic
structures. The lateral region covered by the excitation coil and the sensor coils
may for example have a cross-shape, wherein for example corners or side edges
of the excitation coil and the sensing coils are closest to each other.

According to an embodiment of the present invention, at least one of the
excitation coil and the sensors coils has windings formed as one or more spiraled
squares or rectangles, two of the sensor coils being arranged adjacent to the
excitation coil such that lateral mid points of the two sensors coils are
connectable by a straight line running through a lateral mid point of the
excitation coil, the straight line in particular running through corners of windings
of the excitation coil or running through and perpendicular to side edges of
windings of the excitation coil. Thereby, a compact arrangement may be
achieved or an arrangement where the magnetic structures cover a higher area

of windings of the coils.

According to an embodiment of the present invention, an amount of an extension
of the first magnetic structure and/or the second magnetic structure along the
straight line is between a distance of the lateral mid points of the two sensor
coils and a distance between ends of the two sensor coils along the straight line.
It has been found in experiments that the extension of the first and/or the
second magnetic structure is not necessary the same as the extension of the
combination of the excitation coil and the (adjacent) sensing coils, but may be a
little bit smaller to reach only mid points of sensing coils being arranged each
adjacent to the (central) excitation coil. Thereby, material may be saved, while

the sensitivity and energy consumption are maintained as desired.

According to an embodiment of the present invention, the number of excitation

coils is at least two, the number of sensors coils is at least six, wherein four of



14
WO 2018/178325 PCT/EP2018/058268

the sensors coils and one excitation coil are arranged substantially in a coplanar
arrangement, the other two sensors coils and one other excitation coil are
oriented perpendicular to the coplanar arrangement on the same electrically
insulating layer structures in a region laterally beside the four sensor coils, the
region being bend by substantially 90°.

Advantageously, a 3D flux gate sensor may be manufactured starting from layer
structures having therein implemented in first region a first central excitation coil
surrounded by first four sensing coils and having second region comprising a
second central excitation coil flanked by two second sensing coils. The first
magnetic structure may be present above the coils in the first region and also
above the coils in the second region. Also the second magnetic structure may be
present below the coils in the first region and below the coils in the second
region. Finally, the first region and the second region may be oriented
perpendicular to each other by bending the layer structures about a bending line
between the first region and the second region. Thereby, efficiently, a 3D flux
gate sensor may be manufactured. In another configuration, two boards can be
separately manufactured and afterwards re-connected in a perpendicular
configuration. The reconnection might occur for example via soldering methods,

bonding methods etc.

It should be understood that features, individually or in any combination,
disclosed, described or explained for a component carrier may also be applied,
individually or in any combination, to a method of manufacturing a component

carrier according to an embodiment of the present invention and vice versa.

According to an embodiment of the present invention it is provided a method of
manufacturing a component carrier with integrated fluxgate sensor, wherein the
method comprises connecting a plurality of electrically conductive layer
structures and/or electrically insulating layer structures; forming an excitation
coil and sensors coils on and/or in the layer structures; forming a first magnetic
structure to be above the excitation coil and sensors coils; forming a second

magnetic structure to be below the excitation coil and sensors coils.
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The component may further comprising a component, in particular an electronic
component, mounted on and/or embedded in the at least one electrically
insulating layer structure and/or the at least one electrically conductive layer

structure.

The component carrier may be selected from a group consisting of an electronic
component, an electrically non-conductive and/or electrically conductive inlay, a
heat transfer unit, a light guiding element, an energy harvesting unit, an active
electronic component, a passive electronic component, an electronic chip, a
storage device, a filter, an integrated circuit, a signal processing component, a
power management component, an optoelectronic interface element, a voltage
converter, a cryptographic component, a transmitter and/or receiver, an
electromechanical transducer, an actuator, a microelectromechanical system, a
microprocessor, a capacitor, a resistor, an inductance, an accumulator, a switch,
a camera, an antenna, a magnetic element, a further component carrier and a

logic chip.

The at least one electrically conductive layer structure may comprise at least one
of the group consisting of copper, aluminum, nickel, silver, gold, palladium, and
tungsten, any of the mentioned materials being optionally coated with supra-
conductive material such as graphene.

The at least one electrically insulating layer structure may comprise at least one
of the group consisting of resin, in particular reinforced or non-reinforced resin,
for instance epoxy resin or Bismaleimide-Triazine resin, FR-4, FR-5, cyanate
ester, polyphenylene derivate, glass, prepreg material, polyimide, polyamide,
liquid crystal polymer, epoxy-based Build-Up Film, polytetrafluoroethylene, a

ceramic, and a metal oxide.

The component carrier may be shaped as a plate.

The component carrier may be configured as one of the group consisting of a

printed circuit board, and a substrate.

The component carrier may be configured as a laminate-type component carrier.
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Embodiments of the present invention are now described with reference to the
accompanying drawings. The invention is not limited to the illustrated or

described embodiments.

Brief description of the drawings

Fig. 1 schematically illustrates in a side view a component carrier according to an

embodiment of the present invention;

Fig. 2 schematically illustrates in a side view a component carrier according to an

embodiment of the present invention;

Fig. 3 schematically illustrates in a side view a component carrier according to an

embodiment of the present invention;

Fig. 4 schematically illustrates in a side view a component carrier according to an

embodiment of the present invention;

Fig. 5 schematically illustrates in a side view a component carrier according to an

embodiment of the present invention;

Fig. 6 and Fig. 7 schematically illustrate in an elevational view a component
carrier according to an embodiment of the present invention configured as a 2D

flux gate sensor;

Figs. 8 and 9 schematically illustrate in an elevational view a component carrier
having a 1D flux gate sensor according to an embodiment of the present

invention;

Fig. 10 schematically illustrates in a perspective view a component carrier with
integrated flux gate sensor according to an embodiment of the present invention;
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Figs. 11 schematically illustrates in an elevational view an intermediate step for
manufacturing a component carrier configured as 3D flux gate sensor according

to embodiments of the present invention;
Figs. 12 and 13 schematically illustrate method step for manufacturing a
component carrier with integrated 3D flux gate sensor according to an

embodiment of the present invention;

Fig. 14 illustrates in a schematic side view a component carrier according to a
still further embodiment of the present invention;

Fig. 15 illustrates hysteresis curves of material as used in a component carrier

according to an embodiment of the present invention; and

Figs. 16 and 17 illustrate experimental results.

Detailed description of embodiments of the present invention

The component carrier 100 illustrated in a schematic side view in Fig. 1
comprises a plurality of electrically conductive layer structures and/or electrically
insulating layer structures 101 which are stacked on top of each other and
connected to each other after pressing them together and applying appropriate
temperature. The layer structures may comprise pre-impregnated material
comprising resin and fibers which may have structures thereon, electrically
conductive copper traces for example. The component carrier 100 further
comprises an excitation coil 103 and sensor coils 105 and 107 arranged within
the stack of layer structures 101. The component carrier further comprises a first
magnetic structure 109 above the excitation coil 103 and the sensor coil 105,
107.

In the example illustrated in Fig. 1, the stack 101 of layers comprises a first layer
111, a second layer 113, a third layer 115 and a fourth layer 117 which are
stacked on top of each other and connected to each other. Portions of each of
the excitation coil 103, the sensing coil 105 and the sensing coil 107 are formed
on each of the layers 111, 113, 115, 117. In the first layer 111, the excitation

coil 103 comprises windings 119, in the second layer 113, the excitation coil 103
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comprises windings 121, in the third layer 115, the excitation coil 103 comprises
windings 123 and in the fourth layer 117, the excitation coil comprises windings
125, wherein the windings 119, 121, 123, 125 of the excitation coil 103 are
electrically connected to each other using conductive through-holes or vias 127.
In each layer 111, 113, 115, 117, for example 10 to 20 windings may be
arranged. Also, the sensing coil 105 comprises in the first layer 111 the windings
129, comprises in the second layer 113 the windings 131, comprises in the third
layer 115 the windings 133 and comprises in the fourth layer 117 the windings
135. The sensing coil 107 comprises in the first layer the windings 137, in the
second layer the windings 139 and in the third layer the windings 141 and in the
fourth layer the windings 143 which may be configured as the windings 129,
131, 133, 135 of the sensing coil 105 which may also be configured as the
windings 119, 121, 123 and 125 of the excitation coil 103, in particular also
comprising the conductive through-holes 127 for connecting the winding portions
in the different layers electrically with each other.

As can be taken from Fig. 1, the windings 129 of the sensing coil 105, the
windings 119 of the excitation coil 103 and the windings 137 of the sensing coil
107 are arranged coplanar to each other in the same layer 111 of the layer
structures 101. Other windings of the excitation coil 103 and the sensing coils
105, 107 are also arranged on or in a same layer and are arranged coplanar and
adjacent to each other.

The component carrier 200 schematically illustrated in a side view in Fig. 2 also
comprises in the stack 201 of layers a first layer 211, a second layer 213, a third
layer 215 and a fourth layer 217. However, the excitation coil 203 comprises
only windings 219 and 221 in the first layer 211 and the second layer 213 but
not in the third and fourth layer 215, 217. In the first layer 211 and the second
layer 213, the windings 229 and 231 of the sensing coil 205 and the windings
237 and 239 of the sensing coil 207 are coplanar with the windings 219 and 221
of the excitation coil 203. In the first layer 211 and the second layer 213, the
sensing coils 205, 207 have a lateral extension s1 while in the third layer 215
and the fourth layer 217, the sensing coils 205, 207 have a lateral extension s2
which is larger than s1, in particular between 1.5 and 1.9 times the extension s1.
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In the embodiments illustrated in Figs. 1 to 15, the respective excitation coil is
configured to generate an alternating magnetic field which magnetizes the first
magnetic structure (above the excitation coil and the sensor coils) into

saturation.

Figs. 3, 4 and 5 schematically illustrate in a side view other embodiments of a
component carrier which are similar to the embodiments illustrated in Figs. 1 and
2 but which comprise a second magnetic structure 345 below the excitation coil
303 and the sensing coils 305, 307 referring for example to Fig. 3. The second
magnetic structure 345, 445, 545 of the component carrier 300, 400, 500,
respectively, illustrated in Figs. 3, 4, 5, respectively, may be made of a material
which is different from the material of the first magnetic structure 309, 409, 509,
respectively. Further, the thickness d1 of the first magnetic structure 309 may be
smaller than the thickness d2 of the second magnetic structure 345. This may be
the case when the second magnetic structure 345 is composed of a transformer
soft magnetic material or a metal sheet. Both, the material of the first and the
material of the second magnetic structure may be made of a highly magnetically
permeable material. The saturation induction of the material of the first magnetic
structure may be different from the saturation induction of the material of the
second magnetic structure. The material of the first magnetic structure 309 may
for example be MetGlas 2714A (having saturation induction of 0.57 T) and the
second magnetic structure may for example comprise Vitrovac 6155U55F (having
saturation polarization of 0.99 T, having a composition in atomic % of 73 % Co,
5% Fe, 5 %Si, 17 % B). MetGlas 2714A may have a steep hysteresis, while
Vitrovac 6155U55F may have a less steep hysteresis curve. The lateral extension
el of the first magnetic structure 309 may substantially be equal to a lateral
extension ¢ of combination of the sensing coil 305, the excitation coil 303 and
the sensing coil 307. The lateral extension e2 of the second magnetic structure
345 may substantially be equal to the lateral extension el of the first magnetic
structure and also be substantially equal to the lateral extension ¢ of the coils
305, 303, 307.

In the embodiment of the component carrier 400 illustrated in Fig. 4, the
extension el of the first magnetic structure 409 and also the extension e2 of the

second magnetic structure 445 is smaller than the lateral extension ¢ of the
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combination of the coils 405, 403 and 407. In particular, the extension el as well
as the extension e2 may be in a range between the distance dm between mid
points 447 of the sensing coils 405, 407 and the distance do of lateral outer ends
449 of the sensing coils 405 and 407. The lateral extension el of the first
magnetic structure 409 as well as the lateral extension e2 of the second
magnetic structure 445 are preferably not lower than the distance dm between
the mid points 447 of the sensing coils 405, 407.

In the component carrier 500 illustrated in Fig. 5, the lateral extension el of the
first magnetic material is smaller than the lateral extension c of the coils but the
lateral extension e2 of the second magnetic material 545 is substantial equal to
the lateral extension of the coils 505, 503, 507.

In the embodiment illustrated in Fig. 4, since depending on the configuration of
the excitation coil 403, saturation of the first magnetic structure 409 may also be

achieved when the lateral extension el is smaller than the extension of the coils.

In general the first magnetic structure as well as the second magnetic structure
may be integrally formed and may be continuous without being divided.

By designing and constructing the first magnetic structure 509 in Fig. 5 to have a
lateral extension el to be smaller than the lateral extension c of the sensing coil
505, the excitation coil 503 and the sensing coil 507, a linearization of the
voltages induced in the sensing coils 505, 507 depending on the magnitude of

the external field may be achieved.

The embodiments 600 and 700 of a component carrier illustrate schematically in
an elevational view embodiments providing a 2D flux gate sensor in different
configurations. In the embodiments illustrated in Figs. 6 and 7, one excitation
coil and four sensing coils are provided on a common dielectric layer such that all

coils are coplanar to each other.

In the embodiment of the component carrier 600 illustrated in Fig. 6, the sensing
coils 605 and 607 are adjacent to the central excitation coil 603, wherein outer

corners of the excitation coil 603 are closest to outer corners of the sensing coils
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605, 607. A straight line 651 connecting lateral mid points 647 of the sensing
coils 605, 607 runs through a mid point 653 of the excitation coil 603. The
sensing coils 605, 607 are capable of measuring a component of the external
field parallel to the straight line 651. Further sensing coils 604 and 606 are
arranged such that a straight line 655 connecting mid points 657 of the coils
604, 606 is oriented perpendicular to the straight line 651. The first magnetic
structure 609 is shaped in a cross-shape, one arm running along the straight line
651, the other arm running along the straight line 655.

The embodiment 700 of a component carrier according to an embodiment of the
present invention illustrated in Fig. 7 in an elevational view has the excitation coil
603 and the sensing coils 604, 605, 606, 607 arranged such that a side edge of
the central excitation coil 603 and a respective side edge of the four sensing coils
are arranged adjacent to each other. The first magnetic structure 709 also
comprises two arms, one arm running along a straight line connecting the coils
605, 607, the other arm running along a line connecting mid points of the

sensing coils 604, 606. Thereby, a compact configuration is achieved.

The embodiments illustrated in Figs. 6 and 7 may further comprise a second

magnetic structure below the excitation and sensing coils.

Figs. 8 and 9 schematically illustrate embodiments 800 and 900 of a component
carrier providing a 1D flux gate sensor. In the illustrated embodiment, four
layers are provided each layer having 15 windings of the respective sensing coil
805, 807 and the excitation coil 803. A 75 um line space technology is applied.
The horizontal extension may be for example 18 mm and the vertical extension
may be 6 mm of the coils. The embodiment illustrated in Fig. 9 provides an
extension of the coils of 15 mm x 6 mm, while the extension of the coil in the
embodiment illustrated in Fig. 8 is 18 mm x 6 mm. Other extensions may be

possible.

Fig. 10 illustrates a component carrier 1000 according to an embodiment of the
present invention in a perspective view. Four layers 1011, 1013, 1015 and 1017
each having winding portions of the sensing coils as well as the excitation coil

formed thereon are stacked on top of each other. Electrical connection traces
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1059 lead away from the coils to terminals 1061 for connecting the sensing coils
1005, 1007 to detection circuitry and connecting the excitation coil 1003 to a
driver circuitry. The component carrier 1000 may further comprise a first
magnetic structure above the coil and a second magnetic structure below the
coils which may be configured as the magnetic structures illustrated for example
in Figs. 1to 5,6, 7o0r9.

Figs. 12, 13 illustrate in an elevational view and in a side view steps for
manufacturing a component carrier with integrated 3D flux gate sensor according
to an embodiment of the present invention. Thereby, the component carrier 1100
is manufactured starting from a layer structure illustrated in Fig. 11 in an
elevational view having a first region 1162 and a second region 1164 being
coplanar to each other. In the first region 1162, a 2D flux gate sensor is
implemented, which may be similar to the component carrier with integrated 2D
flux gate sensor 700, as is illustrated in Fig. 7. At an upper side, the first and
second regions 1162, 1164 may comprise a first magnetic structure and on a
lower side, the first and second regions 1162, 1164 may comprise a second
magnetic structure, which may be configured for example as is illustrated in side
views in Figs. 3, 4, 5 or in elevational views configured as illustrated in Figs. 6
and 7.

In the second region 1164, the component carrier 1100 comprises a 1D flux gate
sensor which may be configured similar to flux gate sensor 800 or 900 as
illustrated in Figs. 8 and 9. Thus, the 2D flux gate sensor in first region 1162 and
the 1D flux gate sensor in the second region 1164 are initially in a coplanar
arrangement essentially in a plane or several common planes harboring windings
as may depend on the particular application. Furthermore, terminals 1161 being
connected with the different coils via connecting lines 1159 are provided for
electrically contacting the coil with driver or detection circuitry. The side view of
the component carrier 1100 in this intermediate method step is illustrated in Fig.
12.

In a next method step, the component carrier 1100 is modified in that the
second region 1164 is bent relative to the first region 1162 by 90° around a

bending axis 1167 which lies in a frontal plane 1169 of the stack 1101 of layers
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within which the excitation coil and the sensing coil are integrated. In the side
views as illustrated in Figs. 12 and 13, also the first magnetic structure 1109 on
an upper side and the second magnetic structure 1145 can be seen which may
be configured similar to those as illustrated in embodiments 300, 400, 500, 600,
700 in Figs. 3, 4, 5, 6 and 7, respectively.

Thus, to manufacture the 3D flux gate sensor it is started with a 2D design and a
1D design which are arranged coplanar and side by side. For enabling bending
the two regions relatively to each other, a cavity 1171 is provided between the
first region 1162 and the second region 1164. The cavity 1171 may have been
generated by 2.5 D technology, essentially removing portions of the layer
structure. The finalized component carrier 1100 as illustrated in Fig. 13 may then
be supported with auxiliary support equipment for enhancing mechanical
strength. For example, the component carrier may be encapsulated with resin or

injection molding.

Fig. 14 schematically illustrates a component carrier 1400 in a schematic side
view according to still another embodiment of the present invention. The upper
portion of the component carrier 1400 which is labeled with reference sign 1473
may be configured similar to the component carrier 100 or 200 as illustrated in
Figs. 1 or 2, respectively. Using 2.5 D technology, a cavity 1475 has been
created in the multi-layer structure 1477 comprising a plurality of dielectric
layers and/or electrically conductive layers which may harbor other electric
and/or electronic components and/or copper traces. In the cavity 1475, a thick
second magnetic structure 1445 is inserted which may act similar to the second
magnetic structure as illustrated in Figs. 3, 4, 5, 6, 7 for example. Thereby, it is
enabled to integrate a second magnetic structure 1445 that has a relatively great
thickness d2 which is much larger than the thickness d1 of the first magnetic
structure 1409 above the sensing coils and excitation coil. Further, electric
and/or electronic components or integrated circuits 1479 may be integrated in
the multi-layer structure 1477.

Fig. 15 illustrates a graph with hysteresis curves 1681 of a material of the first
magnetic structure and a hysteresis curve 1683 of a material of the second

magnetic structure. Both are narrow hysteresis curves of soft magnetic
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materials. Therein, on the abscissa 1685, the magnetizing field is indicated while
on the ordinate 1687, the resulting magnetization is indicated. As can be
appreciated from Fig. 16, the hysteresis curve 1681 has a larger steepness than
the hysteresis curve 1687. Further, the external field 1689 where the material of
the first magnetic structure reaches its saturation magnetization 1691 is smaller
than the magnetizing field 1693 where the material of the second magnetic
structure reaches its saturation magnification 1695. Further, the area within the
hysteresis loop of the material of the first magnetic structure (area 1697) is
much smaller than the area 1699 within the hysteresis loop of the hysteresis
curve 1683 of the material of the second magnetic structure. The saturation
induction 1695 of the second magnetic structure may be lower or higher than the
saturation induction 1691 of the material of the first magnetic structure.

The second magnetic structure may be configured as a stripe which may be
relatively thick which has a high magnetic permeability and a hysteresis curve
which may contribute to the formation and amplification of the magnetic circuit.
This may be a boundary condition for designing the second magnetic structure.
Closing the magnetic circuit across the edges may not be necessary since due to
the aspect ratio, the field may not be guided like in the traditional sense of 3D
coil assemblies. Different materials may contribute to improving the performance
of the flux gate sensor. The flux gate sensor may have a higher sensitivity than
conventional flux gate sensors. Further, energy consumption or required current
may be lower than conventionally known. By appropriately combining differently
selected materials of the first magnetic structure and the second magnetic
structure, several advantages are achieved. The first magnetic structure may
achieve magnetic saturation during operation, while the second magnetic
structure may not reach saturation. The lower magnetic structure may for

example be formed from an iron foil.

Fig. 16 illustrates curves 1786, 1788, 1790, 1792 of the induced voltage (on
ordinate 1785) in the sensing coils in dependence of the external field (on
abscissa 1784) for a wound magnetic core, a flux gate sensor having as the
second magnetic structure a transformer sheet, a flux gate sensor having as the
second magnetic structure a closed iron and a conventional flux gate sensor

having no second magnetic structure, respectively. As can be appreciated from
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Fig. 16, the curves 1788, 1790 corresponding to measurement results of flux
gate sensors according to embodiments of the present invention are superior

compared to a conventional flux gate sensor as characterized by curve 1792.

Thereby, the voltage at the excitation coil was about 17 V. The external field was

increased from 0 to 150 T and the voltage at the sensing coils was measured.

In the finalized flux gate sensor, the external magnetic field to be measured may
be derived to be proportional to the amplitude of the second harmonic of the
frequency of the excitation voltage. Such a curve 1703 is illustrated in Fig. 17 as
measured using a flux gate sensor according to an embodiment of the present
invention. The excitation current was about 100 mA (10 Ohm coil resistance).
The external field (on abscissa 1701) was varied from -110 to 110 pT and the
amplitude (on ordinate 1702) of the second harmonic of the voltage at the
sensing coils was measured. The curve 1703 shows a good linearity and high

sensitivity of about 4.5 mV/ pT. Excitation frequency was 100 kHz.

A main idea according to embodiments of the present invention is that a soft
magnetic core (e.g. p-metal) which guides and “collects” the magnetic field is
placed on top of the coil separated by a thin dielectric layer (which may be
needed to avoid electrical shorts of the coils (i.e. the excitation coil and the
sensing coil)) and may serve as a glue to hold the foil. Critical properties of the
used y metal may be a sharp kink in its hysteresis curve and a very high
permeability to get into saturation during operation. Additionally, on the bottom
side of the setup, a second metal foil may be placed. The line/space ratio of the
coils may have a significant influence on the input/output signal ratio. The
smaller the line/space ratio is (equals in a higher amount of convolutions), the
more voltage may be needed to be induced as the resistivity of the track
increases as well as the other way round. A typical L/S ratio may be 75 um (3
mil) to 50 pm (2 mil), copper thickness may vary from typically 12 pm to 35 ym,
to keep the voltage at a lower level. It is also possible to have the copper
thickness range from 6 um up to 150 um. The insulating material on the coils
may be printed (inkjet, screen-printing) or laminated with a thin FR4 material.
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Further possibilities for placing the metal sheet (in particular second magnetic
structure) may be: embedding (ECP, center core), deposition of the metal with
PVD (sputtering or wet chemistry) (galvanic plating), full surface re-lamination

and photo-structuring.

As the metal sheet (in particular second magnetic structure) may establish
increasing/guiding the magnetic field, it may also be possible to apply just a
layer of glue and cover this layer with a protection foil. Later this foil may be
removed and the flux gate may be placed anywhere on a metal sheet (for
example somewhere in a car, ship). This may have a similar or same effect as

the metal sheet.

The length or lateral extension of the high permeable soft magnetic materials
(such as the first and/or second magnetic structure) may have a big influence on

the performance of the flux gate sensor.

Embodiments of the present invention may provide the following advantages:
e Lower power requirements than a simple core
e Miniaturization through HDI technology
e Combination with 2.5 D technology
e Reduction of components on/in PCB
e Increased reliability
e Cost efficiency
e Simple processing/manufacturing
e No overlap of coil
e Current/EMV measurement

The second magnetic structure may be glued at the bottom.

The disclosed layer assembly may enable to implement the fluxgate sensor in
different laminates. Further, downsizing may be achieved by applying different
manufacturing methods, such as e.g. MSAP process or by using semiconductor

technology applying CMOS processes on silicon substrates.
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Claims:

1. A component carrier (100-1100, 1400) with integrated magnetic field sensor,
wherein the component carrier comprises:

a plurality of electrically conductive layer structures and/or electrically
insulating layer structures (101);

an excitation coil (103) and sensor coils (105, 107) arranged on and/or in
the layer structures;

a first magnetic structure (109) above the excitation coil and sensor coils;

a second magnetic structure (345) below the excitation coil and sensor

coils.

2. The component carrier according to claim 1, wherein the excitation coil (103)
and the sensor coils (105, 107) are arranged at least partially coplanar on and/or

in the layer structures, in particular adjacent to each other.

3. The component carrier according to claim 1 or 2, wherein the first magnetic
structure (103) and/or the second magnetic structure (105, 107) is made of a
soft magnetic material having a high maximum DC magnetic permeability, in
particular between 103 and 10° or between 10° and 107, the material in particular
comprising a crystalline, polycrystalline and/or an amorphous, in particular
cobalt-based, metal alloy, the material in particular comprising at least one of

Co, Ni, Si, Fe, Mo, mu-metal, a type of MetGlas, a type of Vitrovac.

4. The component carrier according to one of claims 1 to 3, wherein the first
magnetic structure and/or the second magnetic structure are composed of

different materials and/or are configured as a foil or sheet.

5. The component carrier according to any of claims 1 to 4,

wherein the material of the first magnetic structure (103) is characterized
by a steeper hysteresis curve than the material of the second magnetic structure
(105, 107), and/or

wherein a magnetizing field at which a permeability is maximal is smaller
for the material of the first magnetic structure than for the material of the

second magnetic structure, and/or
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wherein a magnetic reversal loss is smaller for the material of the first
magnetic structure than for the material of the second magnetic structure,
and/or

wherein the material of the second magnetic structure requires a higher
external field strength to reach magnetic saturation than the first magnetic

structure.

6. The component carrier according to any of the preceding claims, wherein the
excitation coil (103), the first magnetic structure (109) and the second magnetic
structure (345) are configured, in particular together with a driver circuitry for
the excitation coil, such that the excitation coil generates an alternating magnetic
field, in particular having a frequency between 1 and 200 kHz, further in
particular between 10 and 100 kHz, that saturates a magnetization in the first
magnetic structure (109), while not saturating the magnetization in the second
magnetic structure (345).

7. The component carrier according to any of the preceding claims, wherein at
least one of the excitation coil (103) and the sensor coils (105, 107) comprises
conductive windings, in particular wound in a same sense, formed on one or
more, in particular between 2 and 6, dielectric layers of the insulating layers
(101).

8. The component carrier according to the preceding claim,

wherein the dielectric layers (111, 113, 115, 117), in particular four
dielectric layers, on which the windings of the excitation coil (103) and the
windings of the sensor coils (105, 107) are formed are the same dielectric layers,
or

wherein some dielectric layers (211, 213), in particular two layers, have
formed thereon windings of the excitation coil and windings of the sensor coils,
while other dielectric layers (215, 217) have formed thereon no windings of the

excitation coil but windings of the sensor coils (205, 207).

9. The component carrier according to one of the preceding claims, wherein an
area of a lateral extension of the first magnetic structure (109) and/or an area of

a lateral extension of the second magnetic structure (345) is equal as or smaller
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than, in particular between 10% and 60% of, further in particular between 20%
and 40% of, a sum of areas of lateral extensions of the excitation coil (103) and
the sensor coils (105, 107).

10. The component carrier according to one of the preceding claims, wherein a
lateral shape of the first magnetic structure (109) and/or the second magnetic
structure (345) substantially equals a shape of a lateral region, or a diminished

lateral region, covered by the excitation coil and the sensor coils.

11. The component carrier according to one of the preceding claims, wherein at
least one of the excitation coil (103) and the sensor coils (105, 107) has
windings formed as one or more spiraled squares or rectangles, two of the
sensor coils being arranged adjacent to the excitation coil such that lateral mid
points (647) of the two sensor coils (605, 607) are connectable by a straight line
(651) running through a lateral mid point (653) of the excitation coil (603),

the straight (651, 751) line in particular running through corners of windings of
the excitation coil or running through and perpendicular to side edges of
windings of the excitation coil (603, 703).

12. The component carrier according to one of the preceding claims,

wherein an amount (el, e2) of an extension of the first magnetic structure (409)
and/or the second magnetic structure (445) along the straight line (451) is
between a distance (dm) of the lateral mid points (447) of the two sensor coils
(405, 407) and a distance (do) between ends of the two sensor coils (405, 407)

along the straight line.

13. The component carrier according to one of the preceding claims, wherein the
number of excitation coils is at least two, the number of sensor coils is at least
two or at least six,

wherein four of the sensor coils and one excitation coil are arranged substantially
in a coplanar arrangement, the other two sensor coils and one other excitation
coil are oriented perpendicular to the coplanar arrangement on the same
electrically insulating layer structures in a region laterally beside the four sensor

coils, the region being bend by more than 0°, in particular substantially 90°.
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14. The component carrier according to one of the preceding claims, operable in
a first and a second operation mode,

wherein during the first operation mode saturation of magnetization occurs in the
first magnetic material but not in the second magnetic material, in particular
resulting in improved energy efficiency,

wherein during the second operation mode saturation of magnetization occurs in
both the first magnetic material and the second magnetic material, in particular

resulting in increased sensitivity.

15. A method of manufacturing a component carrier with integrated magnetic
field sensor, wherein the method comprises:

connecting a plurality of electrically conductive layer structures and/or
electrically insulating layer structures (101);

forming an excitation coil (103) and sensor coils (105, 107) on and/or in
the layer structures;

forming a first magnetic structure (109) to be above the excitation coil and
sensor coils;

forming a second magnetic structure (345) to be below the excitation coil

and sensor coils.
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