US 20210063204A1

a9y United States

a2y Patent Application Publication (o) Pub. No.: US 2021/0063204 A1l

BONDAR et al.

43) Pub. Date: Mar. 4, 2021

(54)

(71)

(72)

(73)

@

(22)

(30)

Aug. 30, 2019

INTEGRATED ROTATION ANGLE
DETERMINING SENSOR UNIT IN A
MEASURING SYSTEM FOR DETERMINING
A ROTATION ANGLE

Applicant: TDK-Micronas GmbH, Freiburg (DE)
Inventors: Yan BONDAR, Waldkirch (DE);
Marcus Christian MEYER, Malsch

(DE); Hans Christian Paul
DITTMANN, Pforzheim (DE)

Assignee: TDK-Micronas GmbH, Freiburg (DE)
Appl. No.: 17/007,582

Filed: Aug. 31, 2020
Foreign Application Priority Data

..................... 10 2019 006 138.1

(DE)

Publication Classification

(51) Int. CL
GOID 5/14 (2006.01)
GOIB 7/30 (2006.01)
GOIR 33/07 (2006.01)
(52) US.CL
CPC ... GOID 5/145 (2013.01); GOIR 33/072
(2013.01); GOIB 7/30 (2013.01)
(57) ABSTRACT

An integrated rotation angle determining sensor unit in a
measuring system for determining a rotation angle, com-
prising a shaft, rotatable around a rotation axis, having a
transducer, a first semiconductor layer designed as a die
being provided, which has an upper side arranged perpen-
dicularly to the rotation axis and an underside and a first Hall
sensor system monolithically formed in the first semicon-
ductor layer, and a second semiconductor layer designed as
a die being provided, which has an upper side arranged
perpendicularly to the rotation axis and an underside and a
second Hall sensor system monolithically formed in the
second semiconductor layer, each Hall sensor system includ-
ing at least one first Hall sensor and a second Hall sensor and
a third Hall sensor.
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INTEGRATED ROTATION ANGLE
DETERMINING SENSOR UNIT IN A
MEASURING SYSTEM FOR DETERMINING
A ROTATION ANGLE

[0001] This nonprovisional application claims priority
under 35 U.S.C. § 119(a) to German Patent Application No.
102019 006 138.1, which was filed in Germany on Aug. 30,
2019, and which is herein incorporated by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to an integrated rota-
tion angle determining sensor unit in a measuring system for
determining a rotation angle.

Description of the Background Art

[0003] Integrated rotation angle determining sensor units
are known, in particular, from applications in the area of
motor vehicles. For example, the position of a shaft is
determined from the measurement of the magnetic flux with
the aid of magnetic field sensors.

SUMMARY OF THE INVENTION

[0004] Tt is therefore an object of the present invention to
provide an integrated rotation angle determining sensor unit
in a measuring system for determining a rotation angle,
which refines the prior art and, in particular, provides a
particularly failsafe and simple and cost-effective alterna-
tive.

[0005] In an exemplary embodiment of the invention, an
integrated rotation angle determining sensor unit is provided
in a measuring system for determining a rotation angle. In
addition to the integrated rotation angle determining sensor
unit, the measuring system also comprises a shaft, rotatable
around a rotation axis, a transducer being disposed on the
shaft.

[0006] The transducer can be designed as a permanent
magnet and can be disposed on the end face of the shaft.
[0007] The rotation angle determining sensor unit com-
prises a first semiconductor layer designed as a die, with an
upper side and an underside arranged perpendicularly to the
rotation axis.

[0008] A first Hall sensor system of a monolithic design is
formed in the first semiconductor layer.

[0009] The rotation angle determining sensor unit further-
more comprises a second semiconductor layer designed as a
die, with an upper side and an underside arranged perpen-
dicularly to the rotation axis.

[0010] A second Hall sensor system of a monolithic design
is formed in the second semiconductor layer.

[0011] Each Hall sensor system can include at least one
Hall sensor, a second Hall sensor and a third Hall sensor.
[0012] The three Hall sensors of the first Hall sensor
system are arranged along a first circle section, which runs
in parallel to the upper side of the first semiconductor layer
and is arranged concentrically to the rotation axis.

[0013] The three Hall sensors of the second Hall sensor
system are arranged along a second circle section, which
runs in parallel to the upper side of the second semiconduc-
tor layer and is arranged concentrically to the rotation axis.
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[0014] The first semiconductor layer and the second semi-
conductor layer can be formed on different dies. In other
words, at least two dies are required.

[0015] A particular upper side of the particular semicon-
ductor layer can be formed in parallel to a particular under-
side of a particular semiconductor layer.

[0016] It should be noted that the term, circle section, can
be used synonymously with the term, circle segment or
circle arc.

[0017] It should also be noted that the particular upper side
of the particular semiconductor layer can also form the
particular upper side of the particular die, and the particular
underside of the particular semiconductor layer also can
form the particular underside of the particular die.

[0018] The first Hall sensor system can be provided with
a redundant design with respect to the second Hall sensor
system.

[0019] An activation and evaluation unit can be disposed
within the first semiconductor layer and/or the second semi-
conductor layer in each case.

[0020] Allsensors of the rotation angle determining sensor
unit can be in an electrical operational connection with an
activation and evaluation unit.

[0021] The particular activation and evaluation unit com-
prises a monolithically integrated processor unit. The semi-
conductor layer can be designed as the silicon semiconduc-
tor wafer.

[0022] It is understood that the term, integrated rotation
angle determining sensor unit, can cover in each case at least
one Hall sensor system monolithically integrated into the
first semiconductor layer, including an activation and evalu-
ation unit also monolithically integrated into the first semi-
conductor layer, and a Hall sensor system monolithically
integrated into the second semiconductor layer, including an
activation and evaluation unit also monolithically integrated
into the second semiconductor layer.

[0023] If additional structural elements, in particular sen-
sors for measuring mechanical stresses and/or other types of
magnetic field sensors, are provided as part of the rotation
angle determining sensor unit, the additional structural ele-
ments may be disposed within the shared IC housing.
[0024] The three Hall sensors can be designed to be
spaced a distance apart along the particular circle circum-
ference in the two sensor systems, a high resolution is
thereby achieved in determining the rotation angle. More-
over, static interference fields, in particular, such as the
earth’s magnetic field, are compensated for with the aid of
a differential examination.

[0025] In particular in applications in safety-relevant
areas, for example in determining rotation angles of a
steering wheel in a motor vehicle, a redundant design is
mandatory.

[0026] Another advantage is that, in addition to suppress-
ing static magnetic interference fields, each of the Hall
sensor systems determines the same components of the
magnetic field generated by the transducer in the same way.
[0027] It is understood that the center point of the first
circle section and/or the center point of the second circle
section is/are penetrated by an imaginary extension of the
rotation axis.

[0028] The Hall sensors can be designed to be identical or
nearly identical, in particular with respect to the type and
geometric dimensions.
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[0029] The first circle section can have a larger or smaller
radius than the second circle section. In another specific
embodiment, the first circle section and the second circle
section have the same radius.

[0030] The two dies can be arranged side by side on a
metal carrier, the first circle section being designed as a
semicircle and the second circle section as a semicircle, and
together forming a full circle. The Hall sensors of the first
Hall sensor system and the Hall sensors of the second Hall
sensor system are preferably arranged along the shared full
circle formed concentrically around the rotation axis.
[0031] The Hall sensors can be arranged in a rotationally
symmetrical manner. The radius can be, for example, 1 mm.
[0032] The particular Hall sensors of the two Hall sensor
systems can enclose an angle of 60° with respect to each
other when designed as a full circle, i.e. the total of six Hall
sensors are evenly distributed along the circumference. If a
number N of more than six Hall sensors are arranged along
the full circle, the angle is determined from the ratio of
360°/N.

[0033] A trench can be arranged between the two dies.
Mechanical stresses are avoidable hereby.

[0034] The rotation angle determining sensor unit can
comprise a first magnetoresistive sensor unit with at least
one magnetoresistive sensor. One part of the magnetoresis-
tive sensor unit is preferably formed on the upper side of the
first semiconductor layer, and another part is formed on the
upper side of the second semiconductor layer.

[0035] For example, a first half of the magnetoresistive
sensor unit covers one part of the first semiconductor layer,
and a second half of the magnetoresistive sensor unit covers
one part of the second semiconductor layer. The first mag-
netoresistive sensor unit can include exactly two or more
magnetoresistive sensors.

[0036] The magnetoresistive sensors can be designed as
TMR or GMR or AMR sensors. It is understood that the
magnetoresistive sensors each include four partial sensor
elements, preferably arranged in the form of a Wheatstone
bridge.

[0037] The magnetoresistive sensors can be arranged on
the surface of the particular die, passivated with the aid of
a dielectric layer, and are connected to the activation and
evaluation unit formed in the particular semiconductor layer
by electrical printed conductors, in particular bonding wires.
[0038] The magnetoresistive sensors can be arranged side
by side or one above the other or one inside the other.
[0039] The Hall sensors of the first Hall sensor system can
form a first semicircle along the first circle section, and the
Hall sensors of the second Hall sensor system can form a
second semicircle along the second circle section. The two
semicircles are preferably each arranged concentrically
around the rotation axis.

[0040] The three Hall sensors of the two Hall sensor
systems each can enclose an angle of 120° with respect to
each other.

[0041] The first Hall sensor of each Hall sensor system can
encloses an angle of 90° with respect to the second Hall
sensor of the same Hall sensor system and an angle of 180°
with respect to the third Hall sensor of the same Hall sensor
system.

[0042] The underside of the first semiconductor layer can
be disposed on an upper side of a metal carrier, and the
underside of the second semiconductor layer can be dis-
posed on the underside of the metal carrier and thereby form
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a stacked arrangement. In other words, the two dies form a
sandwich arrangement in connection with the metal carrier,
which is also referred to as a lead frame.

[0043] Inthe stacked arrangement, an imaginary extension
of the rotation axis penetrates the two semiconductor layers,
for example, in the center point of the two circle sections.
The first circle section designed as a semicircle preferably
lies on the second circle section designed as a semicircle in
a projection along the rotation axis.

[0044] A magnetoresistive sensor unit formed on the upper
side of the first semiconductor layer and having at least one
magnetoresistive sensor can be provided in the stacked or
sandwich arrangement.

[0045] A magnetoresistive sensor unit formed on the upper
side of the second semiconductor layer and having at least
one magnetoresistive sensor can be provided in the stacked
arrangement.

[0046] The particular magnetoresistive sensor unit can be
penetrated by an imaginary extension of the rotation axis.
[0047] The first Hall sensors and the second Hall sensors
and the third Hall sensors of the two Hall sensor systems
each can enclose the same offset angle with respect to each
other in the stacked design, with regard to a shared center
point of the two circle sections in each case.

[0048] The angle of the rotation or the offset angle of the
Hal sensors of the first Hall sensor system is preferably less
than 20° or less than 10° with respect to the Hall sensors of
the second Hall sensor system.

[0049] Each Hall sensor may be designed as a Hall plate
having at least four terminals.

[0050] The two Hall sensor systems each can include a
fourth Hall sensor or each can include a fourth Hall sensor
and a fifth Hall sensor, or each can include a fourth Hall
sensor and a fifth Hall sensor and a sixth Hall sensor.
[0051] An advantage is that the angle resolution may be
increased with the design having more than three Hall
sensors. In an example, each Hall sensor system includes a
maximum of seven Hall sensors.

[0052] Each Hall sensor can have a first main extension
surface, the first main extension surface being formed in
parallel to the upper side of the particular semiconductor
layer. The first main extension surface has a significantly
larger surface than the other surfaces of the particular Hall
Sensor.

[0053] A second main extension surface opposite the first
main extension surface can be formed in parallel to the first
main extension surface in each Hall sensor.

[0054] At least one z component of the magnetic field is
preferably measured with the aid of the magnetic field
sensors, i.e. with the aid of the Hall sensors of the Hall
sensor systems and the other types of magnetic field sensors
which may be formed.

[0055] In the present case, the z component can be a
vertical component, i.e. a component perpendicular to the
upper side of the semiconductor layer or perpendicular to the
two main extension surfaces of the particular Hall sensors.
[0056] The first Hall sensor system and the second Hall
sensor system can have the same number of Hall sensors.
[0057] The particular semiconductor layer can be
designed as a silicon semiconductor layer.

[0058] The Hall sensors can each measure the same com-
ponent of the magnetic field generated with the aid of the
transducer. The Hall sensors can measure the component of
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the magnetic field designated as the z component and
formed in the direction of the rotation axis.

[0059] Both the components of the magnetic field can be
formed in parallel to the upper side of the semiconductor
layer and can be designed as the x component and the y
component and are measured with the aid of the magnetore-
sistive sensors.

[0060] The x component and the y component and the z
component form a Cartesian coordinate system.

[0061] Further scope of applicability of the present inven-
tion will become apparent from the detailed description
given hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of
illustration only, since various changes, combinations, and
modifications within the spirit and scope of the invention
will become apparent to those skilled in the art from this
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0062] The present invention will become more fully
understood from the detailed description given hereinbelow
and the accompanying drawings which are given by way of
illustration only, and thus, are not limitive of the present
invention, and wherein:

[0063] FIG. 1 shows a representation of an exemplary
embodiment according to the invention of a rotation angle
measuring sensor unit;

[0064] FIG. 2 shows a cross-sectional representation of
the rotation angle measuring sensor unit;

[0065] FIG. 3 shows a representation of an exemplary
embodiment according to the invention of the rotation angle
measuring sensor unit;

[0066] FIG. 4 shows a cross-sectional representation of
the rotation angle measuring sensor unit from FIG. 3.

DETAILED DESCRIPTION

[0067] The illustration in FIG. 1 shows a representation of
a first specific embodiment according to the invention of an
integrated rotation angle measuring sensor unit 10.

[0068] Rotation angle determining sensor unit 10 is part of
a measuring system, which is not illustrated in greater detail,
for a determination of the rotation angle of a shaft. In
addition to the shaft rotatable around a rotation axis 15, the
measuring system also comprises a transducer arranged on
the shaft.

[0069] The transducer is generally designed as a perma-
nent magnet and is preferably disposed on the end face of the
shaft.

[0070] Rotation angle determining sensor unit 10 prefer-
ably includes a first semiconductor layer 20 comprising
silicon or made up of silicon and a second semiconductor
layer 22. First semiconductor layer 20 and second semicon-
ductor layer 22 are each designed as so-called dies.

[0071] First semiconductor layer 20 has an upper side 30
formed perpendicularly to rotation axis 15 and an underside
40. Underside 40 is disposed on a metal carrier LF or lead
frame.

[0072] A first Hall sensor system 50 of a monolithic design
is formed in first semiconductor layer 20.
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[0073] An activation and evaluation circuit, which is not
illustrated, is formed in first semiconductor layer 20, the
activation and evaluation circuit being connected to first
Hall sensor system 50.

[0074] First Hall sensor system 50 includes at least one
first Hall sensor 52, a second Hall sensor 54 and a third Hall
sensor 56.

[0075] The three Hall sensors 52, 54 and 56 of first Hall
sensor system 50 are arranged on a first circle section 70,
which runs in parallel to upper side 30 of semiconductor
layer 20 and is arranged concentrically around rotation axis
15.

[0076] A second Hall sensor system 60 of a monolithic
design is formed in second semiconductor layer 22.

[0077] An activation and evaluation circuit, which is not
illustrated, is formed in second semiconductor layer 22, the
activation and evaluation circuit being connected to second
Hall sensor system 60.

[0078] Second Hall sensor system 60 includes at least one
first Hall sensor 62, a second Hall sensor 64 and a third Hall
sensor 66.

[0079] The three Hall sensors 62, 64 and 66 of second Hall
sensor system 60 are arranged on a second circle section 80,
which runs in parallel to upper side 32 of semiconductor
layer 22 and is arranged concentrically around rotation axis
15.

[0080] First Hall sensor system 50 is designed to be
redundant with respect to second Hall sensor system 60 and
measures a component of the magnetic field preferably
generated along rotation axis 15 with the aid of the trans-
ducer.

[0081] In both Hall sensor systems 50 and 60, the three
Hall sensors 52, 62, 54, 64, 56 and 66 in each case are
formed, spaced a distance apart, along particular circle
circumference 70 and 80.

[0082] The three Hall sensors 52, 62, 54, 64, 56 and 66 of
the two Hall sensor systems 50 and 60 each preferably
enclose an angle of 90° with respect to each other.

[0083] Hall sensors 52, 62, 54, 64, 56 and 66 are each
preferably designed as a Hall plate having at least four
terminals.

[0084] In the present case, the two dies are arranged side
by side on metal carrier LF, first circle section 70 and second
circle section 80 together forming a full circle, and Hall
sensors 52, 54, 56 of first Hall sensor system 50 and Hall
sensors 62, 64, 66 of second Hall sensor system 60 being
arranged along the shared full circle formed concentrically
around rotation axis 15.

[0085] Hall sensors 52, 54, 56, 62, 64, 66 are arranged
along the full circle in a rotationally symmetrical manner.
[0086] A first magnetoresistive sensor unit 100, including
at least one magneto resistive sensor, which is not illustrated,
is arranged on the surface of the two dies. One part of first
magnetoresistive sensor unit 100 is formed on the upper side
of first semiconductor layer 20 and on the upper side of
second semiconductor layer 22, the imaginary extension of
rotation axis 15 preferably penetrating first magnetoresistive
sensor 100 in its surface center of gravity.

[0087] The illustration in FIG. 2 shows a cross-sectional
representation of the first specific embodiment according to
the invention. Only the differences from the first specific
embodiment are explained below.

[0088] Another die, which includes a first magnetoresis-
tive sensor unit 102, is disposed on the surface of the two
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dies arranged side by side. First magnetoresistive sensor unit
102 is disposed centrically on the two semiconductor layers
20, 22. A gap is formed between the two semiconductor
layers 20, 22 or between the two dies arranged side by side,
among other things for the purpose of reducing the mechani-
cal stress.
[0089] Rotation axis 15 centrically penetrates first mag-
netoresistive sensor unit 102.
[0090] The illustration in FIG. 3 shows a representation of
a second specific embodiment according to the invention of
the integrated rotation angle measuring sensor unit. The
illustration in FIG. 4 shows a sectional view of the second
specific embodiment according to the invention. Only the
differences from the first specific embodiment are explained
below.
[0091] The underside of first semiconductor layer 20 is
disposed on an upper side of metal carrier LF, and the
underside of second semiconductor layer 22 is disposed on
the underside of metal carrier LF. In the present top view,
only first semiconductor layer 20 is illustrated for reasons of
clarity.
[0092] An imaginary extension of rotation axis 15 does
not penetrate the two semiconductor layers 20, 22 in the
particular surface center of gravity of semiconductor layers
20, 22.
[0093] Particular first Hall sensor 52, 62 of each Hall
sensor system 50, 60 encloses an angle of 90° with respect
to particular second Hall sensor 54, 64 of the same Hall
sensor system 50, 60 and an angle of 180° with respect to
third Hall sensor 56, 66 of the same Hall sensor system 50,
60.
[0094] Hall sensors 52, 54, 56 of first Hall sensor system
50 are arranged along first circle section 70 and form a first
semicircle.
[0095] Hall sensors 62, 64, 66 of second Hall sensor
system 60 are arranged along second circle section 80 and
form a second semicircle.
[0096] The two semicircles are each arranged concentri-
cally around rotation axis 15.
[0097] First magnetoresistive sensor unit 100, including at
least one magnetoresistive sensor, is arranged on the upper
side of first semiconductor layer 20.
[0098] Second magnetoresistive sensor unit 102, includ-
ing at least one magnetoresistive sensor, is arranged on the
upper side of second semiconductor layer 22.
[0099] Particular magnetoresistive sensor unit 100, 102 is
centrically penetrated by an imaginary extension of rotation
axis 15.
[0100] The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifications
as would be obvious to one skilled in the art are to be
included within the scope of the following claims.

What is claimed is:

1. An integrated rotation angle determining sensor unit in
a measuring system for determining a rotation angle, the
integrated rotation angle determining sensor unit compris-
ing:

a shaft rotatable around a rotation axis;

a transducer;

a first semiconductor layer designed as a die, which has an
upper side arranged substantially perpendicularly to the
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rotation axis, an underside and a first Hall sensor
system monolithically formed in the first semiconduc-
tor layer; and

a second semiconductor layer designed as a die, which has

an upper side arranged substantially perpendicularly to
the rotation axis, an underside and a second Hall sensor
system monolithically formed in the second semicon-
ductor layer,

wherein the first and the second Hall sensor systems

include at least one first Hall sensor, a second Hall
sensor, and a third Hall sensor,

wherein the first, second, and third Hall sensors of the first

Hall sensor system are formed along a first circle
section, which runs in parallel to the upper side of the
first semiconductor layer and is arranged concentrically
to the rotation axis, and

wherein the first, second, and third Hall sensors of the

second Hall sensor system are arranged along a second
circle section, which runs in parallel to the upper side
of the second semiconductor layer and is arranged
concentrically to the rotation axis.

2. The integrated rotation angle determining sensor unit
according to claim 1, wherein the Hall sensors have a
substantially identical design, and the first circle section has
a larger or smaller radius that the second circle section or the
first circle section and the second circle section have the
same radius.

3. The integrated rotation angle determining sensor unit
according to claim 1, wherein the two dies are arranged side
by side on a metal carrier, and the first circle section and the
second circle section together form a full circle, and the Hall
sensors of the first Hall sensor system and the Hall sensors
of the second Hall sensor system are arranged along the
shared full circle formed concentrically around the rotation
axis.

4. The integrated rotation angle determining sensor unit
according to claim 3, wherein the Hall sensors (are arranged
in a rotationally symmetrical manner.

5. The integrated rotation angle determining sensor unit
according to claim 1, wherein the rotation angle determining
sensor unit comprises a first magnetoresistive sensor unit
with at least one magnetoresistive sensor, and the first
magnetoresistive sensor unit is formed on the upper side of
the first semiconductor layer and on the upper side of the
second semiconductor layer.

6. The integrated rotation angle determining sensor unit
according to claim 1, wherein the underside of the first
semiconductor layer is disposed on an upper side of a metal
carrier, and the underside of the second semiconductor layer
is disposed on the underside of the metal carrier, and an
imaginary extension of the rotation axis penetrates the two
semiconductor layers.

7. The integrated rotation angle determining sensor unit
according to claim 1, wherein the Hall sensors of the first
Hall sensor system form a first semicircle along the first
circle section, and the Hall sensors of the second Hall sensor
system form a second semicircle along the second circle
section, the two semicircles each being arranged concentri-
cally around the rotation axis.

8. The integrated rotation angle determining sensor unit
according to claim 1, wherein a first magnetoresistive sensor
unit formed on the upper side of the first semiconductor
layer and having at least one magnetoresistive sensor is
provided, and/or a second magnetoresistive sensor unit
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formed on the upper side of the second semiconductor layer
and having at least one magnetoresistive sensor is provided.

9. The integrated rotation angle determining sensor unit
according to claim 1, wherein the magnetoresistive sensor
unit is penetrated by an imaginary extension of the rotation
axis.

10. The integrated rotation angle determining sensor unit
according to claim 1, wherein the first Hall sensor of the first
and second Hall sensor system encloses an angle of 90° with
respect to the second Hall sensor of the same Hall sensor
system and an angle of 180° with respect to the third Hall
sensor of the same Hall sensor system.

11. The integrated rotation angle determining sensor unit
according to claim 1, wherein the Hall sensor are designed
as a Hall plate having four terminals.

12. The integrated rotation angle determining sensor unit
according to claim 1, wherein the two Hall sensor systems
each include a fourth Hall sensor or each include a fourth
Hall sensor and a fifth Hall sensor, or each include a fourth
Hall sensor and a fifth Hall sensor and a sixth Hall sensor.

13. The integrated rotation angle determining sensor unit
according to claim 1, wherein the semiconductor layer is a
silicon semiconductor layer.

14. The integrated rotation angle determining sensor unit
according to claim 1, wherein the first Hall sensor system
and the second Hall sensor system have a same number of
Hall sensors.

15. The integrated rotation angle determining sensor unit
according to claim 1, wherein the Hall sensors measure a
same component of the magnetic field generated via the
transducer.
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