
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
21

6 
05

7
B

1
*EP003216057B1*

(11) EP 3 216 057 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
30.12.2020 Bulletin 2020/53

(21) Application number: 15790538.1

(22) Date of filing: 03.11.2015

(51) Int Cl.:
H01L 25/16 (2006.01) H01L 43/04 (2006.01)

(86) International application number: 
PCT/EP2015/075646

(87) International publication number: 
WO 2016/071370 (12.05.2016 Gazette 2016/19)

(54) METHOD FOR MANUFACTURING A MAGNETIC FIELD SENSOR

VERFAHREN ZUR HERSTELLUNG EINES MAGNETFELDSENSORS

PROCÉDÉ DE FABRICATION D’UN CAPTEUR DE CHAMP MAGNÉTIQUE

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 03.11.2014 GB 201419515

(43) Date of publication of application: 
13.09.2017 Bulletin 2017/37

(73) Proprietors:  
• Melexis Technologies NV

3980 Tessenderlo (BE)
• X-Celeprint Limited

Dublin 2 (IE)

(72) Inventors:  
• SCHOTT, Christian

CH-1167 Lussy-sur-Morges (CH)
• MEITL, Matthew

Durham, North Carolina 27713 (US)
• BOWER, Christopher

Raleigh, North Carolina 27609 (US)

(74) Representative: DenK iP bv
Hundelgemsesteenweg 1116
9820 Merelbeke (BE)

(56) References cited:  
JP-A- S 584 991 JP-A- 2003 243 646
JP-A- 2011 238 881 US-A1- 2002 021 124
US-A1- 2009 137 066 US-A1- 2012 314 388



EP 3 216 057 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Field of the invention

[0001] The invention relates to the field of semiconduc-
tor chips for measuring a magnetic field. More specifically
it relates to a magnetic field sensor with an increased
sensitivity and/or speed and a method for creating such
a sensor.

Background of the invention

[0002] Magnetic field sensors are known in the art. To-
day’s microelectronic magnetic sensors are typically
made in silicon technology, since this allows for cost-
effective, miniaturized and complex integration of ad-
vanced analog and digital circuitry.
[0003] However, Hall devices as magnetic sensors do
not show high sensitivity if made in silicon. This is caused
by the relatively low mobility of electrons, reaching as
maximum about 1500cm2/Vs at room temperature.
[0004] In order to satisfy the requirements of sensing
tasks which are either working with very low field (e.g. a
compass sensor) or very high speed (e.g. an electrical
current sensor capable of sensing a high frequency field),
the sensor device itself needs to be made in a different
technology with different material, e.g. GaAs, InSb, mag-
netoresistive, quantum well or other.
[0005] Existing solutions using such materials are ei-
ther discrete combinations of the sensing device and the
integrated electronics which are assembled side-by-side
on a carrier plate, e.g. the leadframe of a plastic package
and which are then interconnected by wire bonding or
they are implemented as multilayer structures grown on
top of a substrate. While addressing the issue of sensi-
tivity and/or speed, these structures are subject to me-
chanical stress due to the different coefficients of thermal
expansion leading to reliability problems and to degraded
sensor performance. Furthermore, such devices are typ-
ically much more expensive than magnetic sensors made
from silicon.
[0006] Transfer of a compound semiconductor layer,
e.g. of InSb or GaAs, onto a processed Si chip, and sub-
sequent formation of a Hall element by patterning the
semiconductor layer and electrical connection by depos-
iting a conductive layer is disclosed by JP 2003 243646
A and JP 2011 238881 A, for example.
[0007] JP S58 4991 A teaches a hybrid integrated cir-
cuit chip, wherein a compound semiconductor Hall ele-
ment, e.g. of GaAs, is bonded onto a Si chip via an ad-
hesive layer, and electrically connected through lead
wires fixed to contact pads on the surfaces.

Summary of the invention

[0008] It is an object of embodiments of the present
invention to provide magnetic sensors which have a good
sensitivity and/or a good speed, for example a sensitivity

and/or speed higher than obtainable by magnetic sen-
sors made of silicon, and a method of making same.
[0009] It is an object of particular embodiments of the
present invention to provide a method of producing a
compound magnetic sensor with good performance (e.g.
in terms of sensitivity and/or speed) in a reliable way,
preferably in a low-cost and reliable way suitable for high
volume production, and a compound magnetic sensor
so produced.
[0010] It is an object of specific embodiments of the
present invention to provide a method of producing a
compound magnetic sensor with good performance (e.g.
in terms of sensitivity and/or speed), whereby a sensing
device is mounted on a CMOS circuit in a reliable manner,
preferably a low cost and reliable manner suitable for
mass production, and a compound magnetic sensor so
produced.
[0011] The above objective is accomplished by a meth-
od according to the present invention as set out in inde-
pendent claim 1.
[0012] In a first aspect, the present invention provides
a hybrid semiconductor chip for measuring a magnetic
field, the semiconductor chip comprising a magnetic
sensing element and an electronic circuit. The magnetic
sensing element is mounted on and electrically connect-
ed with the electronic circuit. The electronic circuit is pro-
duced in a first technology and comprises a first material
and the magnetic sensing element is produced in a sec-
ond technology different from the first technology and
comprises a second material different from the first ma-
terial. An adhesive layer is present between the magnetic
sensing element and the electronic circuit.
[0013] It is an advantage of embodiments of the
present invention that a first technology and/or material
can be used for implementing the electronic circuit, and
another technology/material can be used for implement-
ing the magnetic sensing element.
[0014] This allows the electronic circuit to be produced
in a first technology that may be more cost effective
and/or more reliable and/or more suitable for mass pro-
duction. At the same time this allows to produce the sens-
ing element in a second technology which is better suited
for the sensing element. In this way, the advantages of
both worlds can be combined.
[0015] Moreover, if only the sensing element is pro-
duced in the second material, the density of sensing el-
ements on the second material can be higher than if also
the electronic circuit (comprising bond pads) would have
been produced in the second material.
[0016] The semiconductor chip may be an integrated
magnetic sensor, e.g. a sensor that is ideally suited for
measuring weak magnetic fields (such as e.g. in a com-
pass), or for measuring currents, or for measuring a po-
sition, for example for measuring an angular motor posi-
tion.
[0017] The electronic circuit may comprise readout cir-
cuitry for reading a value from the magnetic element, but
may also include other circuitry, such as e.g. processing
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circuitry for processing said signal (e.g. amplifying, digi-
tizing, correcting offset, etc.) and/or readout-circuitry for
providing a value representative of the magnetic field to
an output and/or memory, e.g. for storing calibration data
such as for example offset values, or temperature cor-
rection values, etc.
[0018] In a semiconductor chip manufactured accord-
ing to embodiments of the present invention, the second
material may be chosen such that the carrier mobility at
room temperature is higher in the second material than
in the first material.
[0019] It is an advantage of chips manufactured ac-
cording to the present invention that the carrier mobility
in the magnetic sensing element is higher when it is im-
plemented in the second material through the second
technology as compared to the case when it would be
implemented in the first material through the first tech-
nology. Because of the higher mobility, a magnetic sen-
sor implemented using the second technology has a
higher sensitivity and/or a higher speed than would be
the case when the first technology is used for implement-
ing the magnetic sensor. It is therefore an advantage of
chips manufactured according to the present invention
that the carrier mobility in the second material is higher
than the carrier mobility in the first material.
[0020] In a semiconductor chip manufactured accord-
ing to embodiments of the present invention, the mag-
netic sensing element may comprise at least one Hall
sensor.
[0021] It is an advantage of chips manufactured ac-
cording to the present invention that the magnetic sensor
comprises or is a Hall sensor made of a second material
having a higher carrier mobility than the first material of
the electronic circuit. The at least one Hall sensor may
be implemented as a horizontal Hall element, but a ver-
tical Hall element may also be used. Using a plurality of
Hall sensors may be advantageous for decreasing offset
noise, or for reducing position offset errors, etc.
[0022] Using a Hall sensor rather than other magnetic
sensing elements such as e.g. magnetoresistive ele-
ments, offers an advantage because Hall elements are
very small, typically a few ten micrometers of size. Com-
pared to anisotropic magnetoresistive (AMR) technology
they also provide the sign of the applied flux density.
Compared to giant magnetoresistive (GMR) technology
or tunnel magnetoresistive (TMR) technology they do not
need a pinned magnetic layer which can degrade over
temperature lifetime or in strong parasitic magnetic fields.
[0023] Additionally Hall elements have better linearity
and a bigger magnetic range without saturation and the
need for strap set/reset pulses to de-re-magnetize the
magnetoresistive material.
[0024] In a semiconductor chip manufactured accord-
ing to embodiments of the present invention, the mag-
netic sensing element may have a thickness of less than
5 mm.
[0025] In chips manufactured according to the present
invention, the Hall element can be made thinner by man-

ufacturing the sensing element using a sacrificial layer
singulation technology. The thickness of the magnetic
element may be smaller than 5 mm, or even smaller than
3 mm, or even smaller than 1 mm.
[0026] In chips manufactured according to the present
invention, the magnetic sensing element may be a quan-
tum well Hall sensor. Quantum well Hall sensors as mag-
netic sensing element, utilize the heterojunction between
two semiconducting materials to confine electrons to a
quantum well. These electrons exhibit higher mobilities
than those in bulk devices by mitigating the deleterious
effect of ionized impurity scattering. Therefore a higher
sensitivity can be obtained. Two closely spaced hetero-
junction interfaces may be used to confine electrons to
a rectangular quantum well. The carrier densities within
the two-dimensional electron gas (2DEG) can be con-
trolled by choosing the materials and alloy compositions.
[0027] In a semiconductor chip manufactured accord-
ing to embodiments of the present invention, the second
material may comprise gallium-arsenide.
[0028] It is an advantage of chips manufactured ac-
cording to the present invention that the maximum mo-
bility of the electrons in GaAs (gallium-arsenide) is about
8500 cm2/Vs at room temperature, while the maximum
mobility of the electrons in for example silicon is only
about 1500 cm2/Vs at room temperature. By using GaAs
as second material, the sensitivity or the speed of the
semiconductor chip can be increased as compared to a
magnetic sensor made of silicon.
[0029] In a semiconductor chip manufactured accord-
ing to embodiments of the present invention, the first ma-
terial may be made of silicon.
[0030] It is an advantage of chips manufactured ac-
cording to the present invention that low-cost CMOS
technology can be used for the electronic circuit and that
this can be combined with another technology, having a
higher mobility of the electrons, for the magnetic sensing
element. This allows to combine the advantages of both
worlds, namely: for cost-effective, miniaturized and com-
plex integration of advanced analog and digital circuitry.
[0031] A semiconductor chip manufactured according
to embodiments of the present invention comprises a
conductive layer for making the electrical connection be-
tween the electronic circuit and the magnetic sensing el-
ement. The conductive layer is a conductive distribution
layer, whereby the conductive distribution layer is for ex-
ample structured by selective etching. The conductive
distribution layer is thereby structured such that it can
connect the source element(s) electrically to the target
CMOS IC. This may result in wires which are typically
between 1 and 10 mm wide, but can also be smaller or
wider.
[0032] Preferably the thickness of the conductive dis-
tribution layer is less than 5.0 mm, more preferably be-
tween 1.0 mm and 2.0 mm. This offers the advantage that
it can be manufactured without creating reliability issues
for instance due to cracks in bends and due to lift-off
generated by mechanical forces caused by the difference
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between the thermal expansion coefficients of the con-
ductive distribution layer and of the underlying materials
(e.g. silicon, SiO2, SiN, GaAs)
[0033] A semiconductor chip manufactured according
to embodiments of the present invention may further
comprise a ferromagnetic layer on top of the distribution
layer. It is an advantage of adding a ferromagnetic layer
on top of the distribution layer, that such material attracts
magnetic field lines. In this way, the strength of the mag-
netic field sensed by the magnetic sensing element can
be increased in a passive way (i.e. without additional
power). Next to a sensitivity boost, the layer can also
convert flux lines from horizontal to vertical so they can
be sensed by conventional horizontal Hall elements. The
ferromagnetic layer is also referred to as magnetic con-
centrator. Preferably the magnetic concentrator is an in-
tegrated magnetic concentrator (also known as "IMC"),
having any suitable shape and size and thickness. More
information about IMC can be read e.g. in
US20020021124.
[0034] The ferromagnetic layer can be realized as
glued-on ribbons or as sputtered material which is then
structured to obtain the final shape. Ferromagnetic layers
can be grown on a base layer. Ferromagnetic layers may
be similar to the RDL layer and can therefore be one and
the same layer, re-used for interconnect and IMC process
at the same time (as well as for bumping)
[0035] The present invention provides a method of
manufacturing a semiconductor chip for measuring a
magnetic field according to claim 1. The method com-
prises

- manufacturing at least one target device comprising
an electronic circuit using a first technology and a
first material on a first wafer;

- manufacturing at least one source device comprising
a magnetic sensing element using a second tech-
nology and a second material on a second wafer,
the second technology being different from the first
technology, and the second material being different
from the first material, whereby the second material
is chosen such that the carrier mobility is higher in
the second material than in the first material at room
temperature;

- transferring the at least one target device to the at
least one source device, by executing the following
steps at least once:

- covering at least one landing area of the target
device with an adhesive layer, on which landing
area the source device is to be mounted;

- lifting-off the at least one source device from the
second wafer by a conformable transfer ele-
ment;

- positioning the at least one source device onto
the at least one landing area of the target device;

- lifting-off the transfer stamp from the positioned
at least one source device; and

- connecting the at least one source device electrically
to the target device.

[0036] The method may furthermore comprise pack-
aging the at least one source device and the at least one
target device so as to form a packaged semiconductor
chip.
[0037] It is an advantage of embodiments of the
present invention that a target device, implemented in a
first technology (e.g. CMOS technology), can be com-
bined with a source device, implemented in a second
technology (e.g. GaAs, InSb), by mounting rather than
by epitaxial growth. In this way the benefits of two differ-
ent technologies can be used, without the disadvantages
of thermal stress, resulting in a more reliable product.
[0038] It is an advantage of embodiments of the
present invention that the source device can be mounted
on the target device, and that they can be electrically
interconnected.
[0039] In a method according to embodiments of the
present invention, the source device (with magnetic
sensing element) is mounted on the target device (with
electronic circuit), by a technique called "transfer print-
ing", rather than by wafer bonding.
[0040] A major advantage of using transfer printing
over wafer bonding is that the first and the second wafer
can be of different size, whereas for wafer bonding, it is
preferable that the first and second wafers are of the
same size. In an exemplary embodiment of the present
invention the second wafer is made of GaAs. These wa-
fers have a typical size of 15.24 cm (6 inch). The first
wafer may be made of silicon. In CMOS technology the
size of the wafer is typically 20.32 or 30.48 cm (8 or 12
inch). By using only the area of each wafer that is actually
needed, rather than e.g. using only 15.24 cm (6 inch) of
the silicon wafer in order to match the size of the GaAs
water, the surface of both wafers can be optimally used.
Furthermore, not only the wafers, but also the source and
target device can have different dimensions, further in-
creasing the efficient use of the surface area of both wa-
fers.
[0041] It is a further advantage of the method according
to embodiments of the present invention that the electri-
cal interconnection between the source and target parts
can be made by a dedicated optimized post-process to
assure reliable low-ohmic connection. Typical intercon-
nection resistances are in 1-10 Ohms range. This is about
2-3 orders of magnitude lower than the resistance of a
Hall sensor.
[0042] It is a further advantage of embodiments of this
method that it allows the source devices and target de-
vices to be made independently by different technologies
and processing time, allowing not only a different process
to be used, but also allowing that the parts of the source
wafer to be much smaller and denser in spacing than the
target wafer parts, thus allowing the space of both wafers
to be optimally used.
[0043] It is an advantage of embodiments of the
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present invention that this mounting and electrical inter-
connection can be done at low-cost, reliably and in high
volume. It is thereby an advantage that transfer printing
is moving many thousands of source devices onto the
landings of the target wafer in one transfer step. Moreo-
ver, the interconnection step can done by a wafer batch
process, so that the 1000 to 100’000 devices on the target
wafer are all interconnected by one single post-process
which is well established in semiconductor industry and
therefore reliably mastered.
[0044] Embodiments of the present invention that are
using transfer printing to move source device to target
devices have the advantage that the growth substrate of
the hall sensor material can be re-used because during
the transfer printing the wafer is not diced and can be re-
used. This leads to significant cost savings on a InSb or
InGaAs or InAs hall sensor. It is an advantage of using
transfer printing that it is possible to micro-assemble el-
ements which are too small to assemble using standard
techniques.
[0045] It is an advantage of using transfer printing that
it is possible to micro-assemble elements which are too
thin to assemble using standard assembly techniques.
[0046] It is an advantage of using transfer printing that
it is possible to densely fabricate elements on a source
wafer as it is not required to foresee large streets for
dicing.
[0047] It is an advantage of embodiments of the
present invention that the built-in stress between the first
and second materials is diminished or eliminated as com-
pared to the case when epitaxially growing a target device
on a source device. Epitaxial growth of different materials
on top of each other may lead to mechanical stress due
to the different coefficients of thermal expansion. This
mechanical stress may be the cause of reliability prob-
lems and degraded system performance.
[0048] It is an advantage of embodiments of the
present invention that source devices on the second wa-
fer are smaller and can be positioned closer to each other
(denser) than the target devices on the first wafer. It is
therefore an advantage of embodiments of the present
invention that the second wafer can be maximally used
to produce source devices.
[0049] The source device may comprise or may be any
magnetic sensing element such as a Hall sensor, a mag-
netoresistive sensor, quantum well Hall sensor.
[0050] It is an advantage of embodiments of the
present invention that the source devices can relatively
easily be mounted on the target devices even if the first
and second wafer are of a different size.
[0051] It is an advantage of embodiments of the
present invention that the electrical connections between
the source device and the target device can be low ohmic.
The sensitivity of the semiconductor chip for the magnetic
field can be increased by providing low ohmic intercon-
nects between the source device and the target device.
[0052] The adhesive layer may be a photo-sensitive
layer. It is an advantage of using such a layer that its

adhesive strength may be selectively altered, by selec-
tively exposing the adhesive layer to an electromagnetic
radiation. Use of such a process step is e.g. described
in US 2012/0314388 A1. But other adhesives whose
strength can be selectively modified may also be used.
The step of printing transferable components using a
transfer stamp is for example described in WO
2013/109593 A2. The last step of packaging is a conven-
tional step, and typically comprises dicing the wafer to
separate individual dies, attaching each die to a lead
frame, bonding the legs of the leadframe to connection
points on the die, injection molding with a plastic package.
[0053] In a method according to embodiments of the
present invention, the step of connecting the at least one
source device electrically to the target device comprises
applying a conductive distribution layer. A conductive dis-
tribution layer can provide a low-ohmic electrical inter-
connection, and can be applied in a reliable manner. It
is an advantage of using a conductive distribution layer
(also known as RDL), that big costly pads for bumps or
wirebonds can be avoided.
[0054] A method according to embodiments of the
present invention may further comprise the step of ap-
plying a ferromagnetic layer on top of the conductive dis-
tribution layer. The ferromagnetic layer is also referred
to as an integrated magnetic concentrator. It is an ad-
vantage of embodiments of the present invention that the
sensitivity of the semiconductor chip for the magnetic
field can be increased by the presence of an integrated
magnetic concentrator.
[0055] In embodiments of the present invention the
magnetic concentrator is put on top of the entire assem-
bly, once the transfer printing and the formation of the
redistribution metal layer for contacting is done.
[0056] A method according to embodiments of the
present invention may further comprise an additional
bumping process wherein the conductive distribution lay-
er serves as a redistribution layer for the bumping proc-
ess.
[0057] Particular and preferred aspects of the inven-
tion are set out in the accompanying independent and
dependent claims. Features from the dependent claims
may be combined with features of the independent claims
and with features of other dependent claims as appro-
priate and not merely as explicitly set out in the claims.
These and other aspects of the invention will be apparent
from and elucidated with reference to the embodiment(s)
described hereinafter.

Brief description of the drawings

[0058]

FIG. 1 provides a schematic vertical cross-section
of a semiconductor chip comprising a magnetic
sensing element produced in a first technology and
an electronic circuit produced in a second technolo-
gy, manufactured in accordance with an embodi-
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ment of the present invention.
FIG. 2 illustrates a method for manufacturing the
semiconductor chip of FIG. 1, according to an em-
bodiment of the present invention.
FIG. 3(a) to (h) illustrate a first series of steps, in-
cluding the corresponding intermediate products, as
part of a method for manufacturing a semiconductor
chip according to an embodiment of the present in-
vention.
FIG. 4(a) to (c) illustrate a second series of steps,
including the corresponding intermediate products,
as part of a method for manufacturing a semicon-
ductor chip according to an embodiment of the
present invention.
FIG. 5(a) to (c) illustrate a third series of steps, in-
cluding the corresponding intermediate products, as
part of method for manufacturing a semiconductor
chip according to an embodiment of the present in-
vention.

[0059] The drawings are only schematic and are non-
limiting. In the drawings, the size of some of the elements
may be exaggerated and not drawn on scale for illustra-
tive purposes.
[0060] Any reference signs in the claims shall not be
construed as limiting the scope. In the different drawings,
the same reference signs refer to the same or analogous
elements.

Detailed description of illustrative embodiments

[0061] The present invention will be described with re-
spect to particular embodiments and with reference to
certain drawings but the invention is not limited thereto
but only by the claims. The drawings described are only
schematic and are non-limiting. In the drawings, the size
of some of the elements may be exaggerated and not
drawn on scale for illustrative purposes. The dimensions
and the relative dimensions do not correspond to actual
reductions to practice of the invention.
[0062] Furthermore, the terms first, second and the like
in the description and in the claims, are used for distin-
guishing between similar elements and not necessarily
for describing a sequence, either temporally, spatially, in
ranking or in any other manner. It is to be understood
that the terms so used are interchangeable under appro-
priate circumstances and that the embodiments of the
invention described herein are capable of operation in
other sequences than described or illustrated herein.
[0063] Moreover, the terms top, under and the like in
the description and the claims are used for descriptive
purposes and not necessarily for describing relative po-
sitions. It is to be understood that the terms so used are
interchangeable under appropriate circumstances and
that the embodiments of the invention described herein
are capable of operation in other orientations than de-
scribed or illustrated herein.
[0064] It is to be noticed that the term "comprising",

used in the claims, should not be interpreted as being
restricted to the means listed thereafter; it does not ex-
clude other elements or steps. It is thus to be interpreted
as specifying the presence of the stated features, inte-
gers, steps or components as referred to, but does not
preclude the presence or addition of one or more other
features, integers, steps or components, or groups there-
of. Thus, the scope of the expression "a device compris-
ing means A and B" should not be limited to devices con-
sisting only of components A and B. It means that with
respect to the present invention, the only relevant com-
ponents of the device are A and B.
[0065] Reference throughout this specification to "one
embodiment" or "an embodiment" means that a particular
feature, structure or characteristic described in connec-
tion with the embodiment is included in at least one em-
bodiment of the present invention. Thus, appearances
of the phrases "in one embodiment" or "in an embodi-
ment" in various places throughout this specification are
not necessarily all referring to the same embodiment, but
may. Furthermore, the particular features, structures or
characteristics may be combined in any suitable manner,
as would be apparent to one of ordinary skill in the art
from this disclosure, in one or more embodiments.
[0066] Similarly it should be appreciated that in the de-
scription of exemplary embodiments of the invention, var-
ious features of the invention are sometimes grouped
together in a single embodiment, figure, or description
thereof for the purpose of streamlining the disclosure and
aiding in the understanding of one or more of the various
inventive aspects. This method of disclosure, however,
is not to be interpreted as reflecting an intention that the
claimed invention requires more features than are ex-
pressly recited in each claim. Rather, as the following
claims reflect, inventive aspects lie in less than all fea-
tures of a single foregoing disclosed embodiment. Thus,
the claims following the detailed description are hereby
expressly incorporated into this detailed description, with
each claim standing on its own as a separate embodi-
ment of this invention.
[0067] In the description provided herein, numerous
specific details are set forth. However, it is understood
that embodiments of the invention may be practiced with-
out these specific details. In other instances, well-known
methods, structures and techniques have not been
shown in detail in order not to obscure an understanding
of this description.
[0068] Where in embodiments of the present invention
reference is made to "a technology" or "a semiconductor
technology", reference is made to for example silicon
CMOS technology, or to a compound semiconductor
technology such as a III-V semiconductor technology
(e.g. gallium-arsenide, indium-antimonide, indium-phos-
phide, gallium-nitride) amongst others. Materials used
may be materials with high electron mobilities such as
graphene and other two-dimensional materials with high
electron mobilities. Technologies used may be magne-
toresistive technologies.
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[0069] Where in embodiments of the present invention
reference is made to a first technology, reference is made
to a technology which typically processes a first material.
Where in embodiments of the present invention refer-
ence is made to a second technology, reference is made
to a technology which typically processes a second ma-
terial. The first material is thereby different from the sec-
ond material in the sense that epitaxial growth from one
material on the other material would result in structural
mismatch and/or thermal stress between both.
[0070] In a first aspect, the present invention relates
to manufacturing a semiconductor chip 100 for measur-
ing a magnetic field. The semiconductor chip comprises
a magnetic sensing element 110 e.g. for measuring the
strength of magnetic field components directed perpen-
dicular or parallel to its upper surface, and an electronic
circuit 120 for reading out the measured strength, and
optionally for further processing the readout-value. Fur-
ther processing might include amplification and/or filter-
ing of the signal. It might also include offset reduction,
linearization and algebraic combination of several signal
channels. Further processing might in general include
any signal processing that analog or digital electronics
can provide. According to embodiments of the present
invention the magnetic sensing element 110 is mounted
on the electronic circuit 120 and the magnetic sensing
element 110 is electrically connected with the electronic
circuit 120. In embodiments of the present invention the
electronic circuit 120 is produced in a first technology
using a first material (e.g. CMOS technology using silicon
substrates).
[0071] In embodiments of the present invention the
magnetic sensing element 110 is produced in a second
technology using a second material. The second tech-
nology/second material may be a compound semicon-
ductor technology such as a III-V semiconductor tech-
nology (e.g. GaAs, InSb, InGaAs, InGaAsSb, InAs). The
magnetic sensing element 110 may for example be a
magnetoresistive element, a Hall sensor, or a quantum
well Hall sensor. It is thereby an advantage of embodi-
ments of the present invention that the electron mobility
in the magnetic sensor 110 is higher than if it would be
implemented using the first technology / material.
[0072] The semiconductor chip 100, for measuring a
magnetic field, may be used as a compass sensor. It is
thereby an advantage that for the magnetic sensing el-
ement 110 a technology with a higher carrier mobility is
used than the technology which is used for making the
electronic circuit 120. The consequence thereof is that a
semiconductor chip with a higher sensitivity for a mag-
netic field can be made which is for example advanta-
geous when it is used as a compass sensor. For example,
the carrier mobility in GaAs is 5 times higher
(8000cm2/Vs) compared to Si (1400cm2/Vs). Therefore
the sensitivity of a GaAs Hall device is about 5 times
higher than the one of a silicon Hall device.
[0073] The semiconductor chip 100, for measuring a
magnetic field, may be used as an electrical current sen-

sor. Thereby the magnetic field around a conductor, gen-
erated by an electrical current running through said con-
ductor, is measured. It is an advantage of embodiments
of the present invention that the magnetic sensing ele-
ment 110 is made in a different technology / from a dif-
ferent material than the electronic circuit 120. Thereby
the technology/material (e.g. GaAs) of the magnetic
sensing element 110 is chosen such that it has a higher
carrier mobility compared to the carrier mobility in the
technology /material (e.g. silicium) used for the electronic
circuitry 120. This allows to measure currents at a higher
frequency than would be the case if the magnetic sensor
were implemented in the first technology / first material
(e.g. silicium). The first technology can for example be
silicon CMOS technology, because this is a highly relia-
ble and cost effective technology.
[0074] In embodiments of the present invention the
magnetic sensing element 110 is a Hall sensor. In em-
bodiments of the present invention the magnetic sensing
element 110 is a quantum well Hall sensor. The quantum
Hall sensor might for example be produced in a III-V tech-
nology and comprise an gallium-arsenide layer sand-
wiched between two layers of aluminium-gallium-arse-
nide. The quantum Hall sensor might alternatively include
an indium-gallium arsenide layer sandwiched between
two layers of aluminum-gallium arsenide.
[0075] In embodiments of the present invention the
second material has at least one desired property which
cannot be achieved with the first material. In embodi-
ments of the present invention the second material has
a higher electron mobility than the first material (e.g. the
first material being silicon and the second material being
a high electron mobility material such as GaAs, InSb,
InAs, InGaAs, InGaAsSb, InP)
[0076] In embodiments of the present invention the first
material might for example be silicon. Using silicon has
the advantage that standard CMOS technology can be
used and using gallium-arsenide has the advantage of a
higher carrier mobility compared to silicon. In this way
the advantages of both technologies can be combined.
[0077] In embodiments of the present invention the
semiconductor chip 100 comprises a conductive distri-
bution layer 150. This distribution layer 150 makes the
electrical connection between the electronic circuit 120
and the magnetic sensing element 110. In embodiments
of the present invention the distribution layer has a max-
imum thickness of 5 mm. The distribution layer may be
made of any common metal know in the art of semicon-
ductor wiring such as: Al, AlCu, AlCuSi, W, Cu, Au, Ag,
Ti, Mo, amongst others.
[0078] In embodiments of the present invention the
semiconductor chip 100 further optionally comprises a
ferromagnetic layer, also referred to as the integrated
magnetic concentrator, on top of the distribution layer
150. Such a layer attracts magnetic field lines, and can
be used for increasing the field strength measured by the
sensor, hence, to even further increase the sensitivity.
The thickness of the ferromagnetic layer may vary be-
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tween 1 and 50um, preferably between 10 and 20um.
The size and shape of the ferromagnetic layer may be
adapted to the product requirements. For low field use
the thickness of the layer is typically large (>200mm) to
exhibit strong magnetic gain. As the sensing element is
typically small (<100mm), the ferromagnetic layer is proc-
essed at the end on top of the hybrid sensor. The inte-
grated magnetic concentrator (IMC) may not be directly
on top of the magnetic sensing element (e.g. the GaAs
Hall plate), since the IMC can be much bigger than the
magnetic sensing element itself. In an exemplary em-
bodiment of the present invention a constellation of four
magnetic sensing elements (e.g. Hall elements with a
size of 30 mm) may be distributed under the edge of an
IMC disk of 400 mm size to form the two orthogonal axes
for a magnetic angle sensor.
[0079] In embodiments of the present invention the
semiconductor chip further optionally comprises a mag-
netic concentrator, also known as IMC (integrated mag-
netic concentrator). By adding a magnetic concentrator,
the density of magnetic field lines at the magnetic sensing
element can be increased. This results in an amplification
of the magnetic flux density. The IMC may be formed
using an electroplating processes, or using micro assem-
bly techniques. The IMC might for example be placed on
the semiconductor chip by transfer printing using an elas-
tomer stamp. In an exemplary embodiment of the present
invention the IMC is Vitrovac®.
[0080] FIG. 1 gives a schematic illustration of a vertical
cross-section of a semiconductor chip manufactured in
accordance with embodiments of the present invention.
The figure shows schematically a magnetic sensing el-
ement 110 (preferably made of GaAs) and an electronic
circuit 120 (preferably made of silicon). In order to simplify
the figure the magnetic sensing element 110 and the
electronic circuit 120 are only partly shown. Only these
parts are shown which are required to demonstrate that
the magnetic sensing element 110 is mounted on the
electronic circuit 120 and that the magnetic sensing ele-
ment 110 is electrically connected with the electronic cir-
cuit 120. The electrical connection 150 between the mag-
netic sensing element 110 and the electronic circuit 120
is shown in FIG. 1. The electronic circuit is produced in
a first technology and/ or first material, and the magnetic
sensing element is produced in a second technology
and/or second material different from the first technology
/ material. FIG. 1 also shows a conductive distribution
layer 150 in contact with the magnetic sensing element
110 and with the electronic circuit 120. This conductive
distribution layer provides an electrical contact between
the electronic circuit 120 and the magnetic sensing ele-
ment 110.
[0081] In embodiments of the present invention (not
shown) a ferromagnetic layer may optionally be present
on top of the distribution layer 150.
[0082] The present invention provides a method 200
for manufacturing a semiconductor chip 100 for measur-
ing a magnetic field whereby a high mobility magnetic

sensor 110 is combined with an electronic circuit 120
produced using different technologies and materials re-
sulting in a semiconductor chip 100. The resulting sem-
iconductor chip 100 is therefore a compound (or hybrid)
magnetic sensor 100.
[0083] In embodiments of the present invention the
high mobility magnetic sensing elements 110 (also re-
ferred to as or part of "source devices" implemented on
a second wafer 310) are positioned on electronic circuits
120 (also referred to as or part of "target devices" on a
first wafer 130) using a technique called "transfer printing"
such as for example described in WO2012018997A2.
[0084] The electronic circuit 120 may be implemented
on a silicon chip on a CMOS wafer. In embodiments of
the present invention a compound semiconductor chip
100 comprising a magnetic sensing element 110 and an
electronic circuit 120 is realized by transfer printing.
[0085] FIG. 2 shows a flow chart illustrating the steps
of a method 200 for manufacturing a semiconductor chip
for measuring a magnetic field comprising the following
steps:

- a step 205 for manufacturing at least one target de-
vice (comprising the electronic circuit 120 magnetic
element 110) using a first technology / first material
on a first wafer 130,

- a step 210 for manufacturing at least one source
device (comprising a magnetic sensing element 110)
using a second technology / second material on a
second wafer 310, wherein the carrier mobility of the
second material is higher than the carrier mobility of
the first material (measured at room temperature),

- a step 215 for covering at least one landing area, on
which the source device is to be mounted, of the
target device with an adhesive layer,

- a step 220 for lifting-off the at least one source device
from the second wafer by a conformable transfer el-
ement,

- a step 225 for positioning the at least one source
device onto the at least one landing area of the target
device,

- a step 230 for lifting-off the transfer stamp from the
at least one source device.

- a step of connecting 235 the at least one source de-
vice electrically to the target device;

[0086] The method would normally also include a step
of packaging the at least one source device and the at
least one target device so as to form the semiconductor
chip 100.
[0087] Depending on the size and position of the mag-
netic elements 110 on the source wafer, and the size and
the position of the electronic circuits 120 on the target
wafer, the steps 220 to 230 for transferring the at least
one, usually a plurality of source devices to the target
wafer, may have to be repeated multiple times, as indi-
cated by the dotted arrow.
[0088] Of course the manufacturing of both wafers in
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step 205 and 210 may be executed in parallel, or in re-
verse order.
[0089] In embodiments of the present invention the
second wafer has a higher carrier mobility than the carrier
mobility in the first wafer.
[0090] FIG. 3 illustrates different process steps in ac-
cordance with an embodiment of the present invention.
For each of the process steps the intermediate products
are shown. The intermediate products are illustrated by
their vertical cross-section.
[0091] In embodiments of the present invention the
source devices are smaller and therefore the density of
the source devices on the second wafer can be made
higher than the density of the target devices on the first
wafer. In these embodiments the source devices are
placed on the target devices in multiple steps. This is
illustrated in FIG. 3 wherein the method steps in accord-
ance with an embodiment of the present invention are
repeated until all target devices are covered.
[0092] In an exemplary embodiment of the present in-
vention the source devices 110 in the second wafer 310
may be Hall plates with a size of a few 10 micrometers.
The target devices 120 (e.g. comprising the bonding
pads) are made on the first wafer 130 and may have a
size of a few 100 micrometers. Therefore the effective
number of source devices is at least an order of magni-
tude higher than for the target devices on the first wafer.
The effective number of source devices may be above
100k, preferably above 1M pieces/wafer. Increasing the
density of source devices on the second wafer decreases
the wafer cost (e.g. GaAs cost) per source device.
[0093] In step 205 shown on the right of FIG. 3(a) the
target devices 120 are manufactured on a first wafer 130.
This might for example be done through a CMOS proc-
ess. Such a target device may be an electronic circuit.
[0094] In a step 210 shown on the left of FIG. 3(a) the
source devices 110 are manufactured on a second wafer
310. This might for example be done through a III-V proc-
ess (e.g. GaAs). According to embodiments of the
present invention the carrier mobility of the source device
is higher than the carrier mobility of the target device,
measured at room temperature.
[0095] In step 215 (not shown) the area of the target
device whereon the source device is to be mounted, i.e.
the landing area, is covered with an adhesive layer. This
step is not illustrated in FIG. 3.
[0096] In step 220 shown in FIG. 3(b) to (d), one or
more source devices 110 are lifted off from the second
wafer 310 by a conformable transfer element 320. In FIG.
3(b) the lowering of the stamp onto the second wafer 310
is illustrated. In FIG. 3(c) the adhesion of the source de-
vices 110 to the transfer stamp 320 is illustrated. In FIG.
3(d) the lift-off of the source devices 110 is illustrated.
[0097] In the example illustrated in FIG. 3, the density
of the source devices on the second wafer 310 is higher
than the density of the target devices on the first wafer
130. Therefore only a selection of source devices is lifted,
whereby the selection is such that each selected source

device has a target device in a corresponding position.
This is illustrated in FIG. 3(d).
[0098] In a next step 225, illustrated in FIG. 3(e) and
(f), the source devices 110 are positioned on the landing
area of the target devices 120. Therefore they are first
transferred to the first wafer 130. This is illustrated in FIG.
3(e). Next they are stamped on the target wafer, as illus-
trated in FIG. 3(f)
[0099] In a next step 230, illustrated in FIG. 3(g), the
transfer stamp 320 is lifted off from the source devices,
leaving the source devices 110 on the target devices 120.
Steps 220, 225, 230 (and optionally also step 215) can
be repeated until the desired number of source devices
are positioned on the selected target devices. A possible
result thereof is shown in FIG. 3(h) showing in the left
column one remaining source device 110 and in the right
column a source device positioned on each target device
120.
[0100] In embodiments of the present invention the
method for manufacturing a semiconductor chip 100 for
measuring a magnetic field comprises a step 235 for con-
necting the at least one source device electrically to the
target device. In embodiments of the present nvention a
conductive distribution layer 150, for example in the form
of RDL, is applied to obtain an electrical connection be-
tween the at least one source device and the at least one
target device.
[0101] In embodiments of the present invention a fer-
romagnetic layer is applied on top of the previously ap-
plied conductive distribution layer 150 (not shown).
Thereby the conductive distribution layer serves as a
base layer for applying the ferromagnetic layer.
[0102] In embodiments of the present invention the
source devices are manufactured in step 210. The source
devices are thereby manufactured with small pads for
applying the distribution layer. The area of these pads is
smaller than 10 mm. It is an advantage of embodiments
of the present invention that no big costly pads for bumps
or wire bond are required on the source devices, because
by doing so, the density of the devices on said wafer can
be increased, and hence, more devices can be obtained
from said wafer.
[0103] In embodiments of the present invention the
method 200 comprises a bumping process wherein the
conductive distribution layer serves as a redistribution
layer for the bumping process.
[0104] FIG. 4 illustrates additional method steps and
the corresponding intermediate products in accordance
with embodiments of the present invention. In FIG. 4(a)
a vertical cross-section is shown of a plurality of semi-
conductor chips wherein each of the semiconductor chips
comprises a source device 110 mounted on a target de-
vice 120 wherein the target devices are embedded in a
first wafer 130.
[0105] In embodiments of the present invention the
source device 110 is a magnetic sensing element and
the target device 120 is an electronic circuit. In a method
step 235 in accordance with embodiments of the present
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invention the source and the target device are electrically
connected together. The result thereof is illustrated in
FIG. 4(b) wherein a conductive distribution layer 150 is
shown which electrically connects the source device 110
to the target device. In a next step, of which the result is
illustrated in FIG. 4(c), semiconductor chips 100 singu-
lation is applied by means of a dicing saw.
[0106] Additional steps, in accordance with embodi-
ments of the present invention, for manufacturing a sem-
iconductor chip for measuring a magnetic field, are illus-
trated in FIG. 5. FIG. 5(a) shows a vertical cross-section
of a semiconductor chip 100 in accordance with an em-
bodiment of the present invention after assembly of the
semiconductor chip onto a leadframe 140. FIG. 5(b)
shows the cross-section after adding a bonding connec-
tion from the distribution layer 150 to the leadframe 140.
In embodiments of the present invention the semicon-
ductor chip 100 is assembled into a plastic package. FIG.
5(c) shows the cross-section of a semiconductor chip
100 encapsulated in a plastic package 510 after plastic
packaging of the semiconductor chip 100. By combining
the IMC base layer process, the source element to CMOS
electrical connection (typically done via the redistribution
layer) and the redistribution layer for the bumping or Cu
pillars, significant cost savings can be achieved. Com-
pound magnetic field sensors manufactured according
to embodiments of the present invention may be used
for example as position sensors, rotary speed sensors,
current sensors or compass sensors.

Claims

1. A method (200) of manufacturing a semiconductor
chip (100) for measuring a magnetic field, the meth-
od comprising:

- manufacturing (205) at least one target device
comprising an electronic circuit (120) using a
first technology and a first material on a first wa-
fer,
- manufacturing (210) at least one source device
comprising a magnetic sensing element (110)
using a second technology and a second mate-
rial on a second wafer, the second technology
being different from the first technology, and the
second material being different from the first ma-
terial, whereby the second material is chosen
such that the carrier mobility is higher in the sec-
ond material than in the first material at room
temperature, and whereby the at least one
source device is provided with pads smaller than
10 mm for applying a conductive distribution lay-
er (150);
- transferring the at least one source device to
the at least one target device, by executing the
following steps at least once:

- covering (215) at least one landing area
of the target device with an adhesive layer,
on which landing area the source device is
to be mounted;
- lifting-off (220) the at least one source de-
vice from the second wafer by a conforma-
ble transfer element;
- positioning (225) the at least one source
device onto the at least one landing area of
the target device;
- lifting-off (230) the conformable transfer
element from the positioned at least one
source device;

- connecting (235) the at least one source device
electrically to the target device by applying the
conductive distribution layer (150).

2. A method according to claim 1, further comprising
the step of applying a ferromagnetic layer (240) on
top of the conductive distribution layer (150).

3. A method according to any of the previous claims,
further comprising an additional bumping process
wherein the conductive distribution layer serves as
a redistribution layer for the bumping process.

4. A method according to any of the previous claims
wherein the second material is chosen such that the
carrier mobility at room temperature is higher in the
second material than in the first material.

5. A method according to any of the previous claims,
wherein the magnetic sensing element (110) com-
prises at least one Hall sensor.

6. A method according to any of the previous claims,
wherein the magnetic sensing element (110) has a
thickness of less than 5 mm.

7. A method according to any of the previous claims,
wherein the magnetic sensing element (110) is a
quantum well Hall sensor.

8. A method according to any of the previous claims,
wherein the second material comprises gallium-ar-
senide.

9. A method according to any of the previous claims,
wherein the first material is made of silicon.

Patentansprüche

1. Verfahren (200) zum Herstellen eines Halbleiter-
Chips (100) zum Messen eines Magnetfelds, wobei
das Verfahren umfasst:
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- Herstellen (205) mindestens einer Zielvorrich-
tung, umfassend eine elektronische Schaltung
(120) unter Verwendung einer ersten Techno-
logie und eines ersten Materials auf einem ers-
ten Wafer,
- Herstellen (210) mindestens einer Quellvor-
richtung, umfassend ein Magnetsensorelement
(110) unter Verwendung einer zweiten Techno-
logie und eines zweiten Materials auf einem
zweiten Wafer, wobei sich die zweite Technolo-
gie von der ersten Technologie unterscheidet,
und sich das zweite Material von dem ersten
Material unterscheidet, wodurch das zweite Ma-
terial ausgewählt ist, sodass die Trägermobilität
in dem zweiten Material bei Raumtemperatur
höher ist, als in dem ersten Material, und wo-
durch die mindestens eine Quellvorrichtung mit
Pads kleiner als 10 mm zum Anlegen einer lei-
tenden Verteilungsschicht (150) bereitgestellt
ist;
- Übertragen der mindestens einen Quellvor-
richtung auf die mindestens eine Zielvorrichtung
durch Ausführen mindestens einmal der folgen-
den Schritte:

- Abdecken (215) mindestens einer Lande-
fläche der Zielvorrichtung mit einer Haft-
schicht, auf welcher Landefläche die Quell-
vorrichtung zu montieren ist;
- Abheben (220) der mindestens einen
Quellvorrichtung von dem zweiten Wafer
durch ein anpassungsfähiges Übertra-
gungselement;
- Positionieren (225) der mindestens einen
Quellvorrichtung auf der mindestens einen
Landefläche der Zielvorrichtung;
- Abheben (230) des anpassungsfähigen
Übertragungselements von der positionier-
ten mindestens einen Quellvorrichtung;
- Elektrisches Verbinden (235) der mindes-
tens einen Quellvorrichtung mit der Zielvor-
richtung durch Anlegen der leitenden Ver-
teilungsschicht (150).

2. Verfahren nach Anspruch 1, weiter umfassend den
Schritt des Anlegens einer ferromagnetischen
Schicht (240) an der Oberseite der leitenden Vertei-
lungsschicht (150).

3. Verfahren nach einem der vorstehenden Ansprüche,
weiter umfassend einen zusätzlichen Stoßprozess,
wobei die leitende Verteilungsschicht als eine Um-
verteilungsschicht für den Stoßprozess dient.

4. Verfahren nach einem der vorstehenden Ansprüche,
wobei das zweite Material ausgewählt wird, sodass
die Trägermobilität in dem zweiten Material bei
Raumtemperatur höher ist, als in dem ersten Mate-

rial.

5. Verfahren nach einem der vorstehenden Ansprüche,
wobei das Magnetsensorelement (110) mindestens
einen Hallsensor umfasst.

6. Verfahren nach einem der vorstehenden Ansprüche,
wobei das Magnetsensorelement (110) eine Dicke
von weniger als 5 mm aufweist.

7. Verfahren nach einem der vorstehenden Ansprüche,
wobei das Magnetsensorelement (110) ein Quan-
tentopf-Hallsensor ist.

8. Verfahren nach einem der vorstehenden Ansprüche,
wobei das zweite Material Gallium-Arsenid umfasst.

9. Verfahren nach einem der vorstehenden Ansprüche,
wobei das erste Material aus Silizium gefertigt ist.

Revendications

1. Procédé (200) de fabrication d’une puce semi-con-
ductrice (100) pour mesurer un champ magnétique,
le procédé comprenant les étapes consistant à :

- fabriquer (205) au moins un dispositif cible
comprenant un circuit électronique (120) utili-
sant une première technologie et un premier ma-
tériau sur une première plaquette,
- fabriquer (210) au moins un dispositif source
comprenant un élément de détection magnéti-
que (110) utilisant une seconde technologie et
un second matériau sur une seconde plaquette,
la seconde technologie étant différente de la
première technologie, et le second matériau
étant différent du premier matériau, le second
matériau étant choisi de telle sorte que la mobi-
lité de support soit plus élevée dans le second
matériau que dans le premier matériau à tem-
pérature ambiante, et le au moins un dispositif
source étant ainsi pourvu de plots plus petits
que 10 mm pour appliquer une couche de distri-
bution conductrice (150) ;
- transférer le au moins un dispositif source vers
le au moins un dispositif cible, en exécutant au
moins une fois les étapes suivantes consistant
à :

- recouvrir (215) au moins une zone d’atter-
rissage du dispositif cible avec une couche
adhésive, zone d’atterrissage sur laquelle
le dispositif source doit être monté ;
- soulever (220) le au moins un dispositif
source à partir de la seconde plaquette par
un élément de transfert conformable ;
- positionner (225) le au moins un dispositif
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source sur la au moins une zone d’atterris-
sage du dispositif cible ;
- soulever (230) l’élément de transfert con-
formable à partir du au moins un dispositif
source positionné ;

- connecter (235) le au moins un dispositif sour-
ce électriquement au dispositif cible en appli-
quant la couche de distribution conductrice
(150).

2. Procédé selon la revendication 1, comprenant en
outre l’étape d’application d’une couche ferroma-
gnétique (240) au-dessus de la couche de distribu-
tion conductrice (150).

3. Procédé selon l’une quelconque des revendications
précédentes, comprenant en outre un processus de
préparation supplémentaire dans lequel la couche
de distribution conductrice sert de couche de redis-
tribution pour le processus de préparation.

4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le second matériau est
choisi de telle sorte que la mobilité de support à tem-
pérature ambiante soit plus élevée dans le second
matériau que dans le premier matériau.

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’élément de détection ma-
gnétique (110) comprend au moins un capteur à effet
Hall.

6. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’élément de détection ma-
gnétique (110) a une épaisseur inférieure à 5 mm.

7. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’élément de détection ma-
gnétique (110) est un capteur à effet Hall à puits
quantique.

8. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le second matériau com-
prend de l’arséniure de gallium.

9. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le premier matériau est
constitué de silicium.
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