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Abstract

The purpose of this Application Note is to explain the fundamental principles of ams OSRAM Magnetic
Position Sensor (MPS). In addition the selection of proper magnets is highlighted. This application note
covers all on axis single or dual MPS products. Important aspects for magnet selection e.g. temperature
effects are described.
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1 Introduction

The purpose of this Application Note is to explain the fundamental principles of ams OSRAM
Magnetic Position Sensor (MPS). In addition the selection of proper magnets is highlighted. This
application note covers all on axis single or dual MPS products. Important aspects for magnet
selection e.g. temperature effects are described.

1.1 Measurement principle

ams OSRAM MPS products uses a patented differential measurement principle. These circuits
are using integrated lateral Hall sensors in standard CMOS technology. Lateral Hall elements
are sensitive to the magnetic field component perpendicular to their surface. This means they
are only sensitive to magnetic fields vertical to the IC surface. The magnetic flux density in
z-direction Bz is measured and horizontal Bx and By components are not measured at all.

Figure 1: On-axis magnetic position sensor IC + magnet

The MPS circuits are a system-on-chip, they contain all components required to create a non-
contact rotation angle position measurement system. Basically, the only external component
required is a magnet rotating over the surface of the IC. Depending on the use case (target
accuracy, vertical air gap, temperature range and mounting possibilities), different magnets are
used.
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In this type of measurement, a magnet rotates over the chip such that
* The center of the magnet,
* The center of rotation,

* And the center of the chip
are in one vertical line (see Figure 1).

The integrated Hall sensors of the sensor IC are arranged in a circle using different diameters
depending on the product (see Table 1). The principle for rotation angle measurement requires
that the Hall elements on the IC can sense a full magnetic period as the magnet rotates. This
requirement is obtained by using a diametrically magnetized magnet.

Figure 2: Example hall sensor locations and measurement radius

Figure 2 shows the circular arrangement of the Hall sensors HS1 — HS4. The rotary position
sensor model can be mathematically described as following:
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Equation 1:

Signal; = +Vysi + Visas — Viuss — Visa
Signal, = +Vys1 — Vysz — Visz + Visa
o« = ATAN2(Signal,, Signal,)

6 Information:

The purpose of using ATANZ2 instead of ATAN is to gather information on the signs of the inputs
in order to return the appropriate quadrant of the computed angle. ATAN2 provides an angle
output over the full range 0-360 degrees.

Figure 3: Internal signals of hall sensors HS1-HS4 and resulting signals
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As the magnet rotates over the chip, the Hall sensors create sinusoidal signals. The four
individual Hall sensor output signals are subtracted and summed according to the formulas. The
resulting signals are 90° phase shifted and represent sine and cosine signals. The ATAN2
algorithm is used to calculate the angle over the complete measurement range of 360 degrees.
This method is capable of measuring absolute angle information.
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1.2

Figure 4: 3D graph of magnetic flux density Bz
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Magnetic scanning of a diametric magnetized magnet with a given z-distance (air gap) will lead
to Figure 4. The yellow track indicates the projection of the circle of the Hall element array on the
3D scan. This given linear area makes the sensor system tolerant against mechanical
misalignments over a certain mechanical range.

Magnetic input range

Magnetic position sensor datasheets specifies the required magnetic flux density Bz. This refers
to the best mechanical alignment case. Figure 5 shows the sinusoidal distribution of the flux
density. Figure 9 shows the green zone of required input range. This zone varies between
different MPS products. Mechanical displacements will cause a magnetic offset shift in the
measured individual signals. Therefore a relative extraction according the formula is
recommended. The sensor system operates also in case of exceeding the absolute magnetic
flux density.
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Figure 5: Magnetic flux density at the circular measurement track

&0
BI'I“Iiiii(

40

Bmin

20 /
o

0 10 20 30 40 S0 60 70 B0 90 100 110 120 130 140 150 160 170 180%O0 200 210 230 230 240 250 260 270 280 2900 300 310 320 330 340 3500360

Magnetic Field Bz inmT

BPeakPeak

-40

-80

Position in degree

Formula for relative extraction of the magnetic flux density. Static magnetic offset shift is ignored.

Equation 2:
B . < BPeakPeakS B
min 2 max
1.3 Magnetic field measurement location

Magnetic position sensor datasheets specify the required magnetic flux density on the sensor die
surface and not on the package surface. Cross sections of the different packages show the
mechanical distance. Table 1 summarizes these parameters.
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Figure 6: Airgap and distance package surface to die surface

R
o Distance Package to Die

Table 1: MPS product matrix — overview

MPS product AS5116  AS560x AS5171x AS5047x AS5172B AS5172F AS5200L

Sensor radius [mm] 1.1 1.0 1.25 1.1 1.25 1.25 1.0

Magnetic input range

10-80 30-90 30-70 35-70 30-70 30-70 30-90
[mT]
Distance package to 0.576 0.459 0.230 0.306 0.306 0.58 0.617
die [mm] (SOIC8) (SOIC8) (TSSOP) (TSSOP) (TSSOP) (SIP) (MLF)

Table 1 summarizes the three important parameters required for simulation and selection of
magnets.

1.4 Non linearity definition

The integral non linearity (INL) is one of the important parameters for position sensors in general.
This parameter specifies the effective angle error from the total system. The MPS system
performance is mainly dependent on magnetic and mechanical constraints. Electrical errors from
position sensor IC play mostly a minor role.
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Figure 7: Non linearity of the angle output
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Equation 3:

INL Error = Linearity Error maxz- Linearity Error min

The non-linearity parameter represents the difference between the measured and the ideal line.

The formula above extracts the relative angle error. Offset angle components are not considered
in this calculation (Best-Line-Fit method).
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1.5 Mechanical orientation and misalignment

Figure 8: Mechanical misalignments in vertical and horizontal direction
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Two mechanical parameters and tolerances are important. The magnetic flux density changes
with bigger air-gaps. The linearity changes with mechanical displacements in x and y direction.

1.51 Vertical distance change

Figure 9: Magnetic flux density of 6 mm and 8 mm diameter magnet
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Figure 9 shows the difference between 6 mm and 8 mm diameter magnet (N35H).

1.5.2 Horizontal distance change

Figure 10: Non-linearity change over horizontal misalignment
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Figure 11: Non-linearity error over displacement
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Figure 11 shows the improvement by selecting 8 mm or 10 mm magnets. The error at best
aligned case is improved as well.
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2 Magnets

2.1 Magnet materials

Figure 12: Magnet materials and properties
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2.2 Magnet dimensions

Table 2: Possible magnet dimensions

Shape Size

Cylinder(")

Diameter = 6 mm

Thickness = 2.5 mm

Diameter = 8 mm

Thickness = 3 mm

Diameter = 8 mm

Thickness =4 mm

Square

Diameter = 10 mm

Thickness = 5 mm

Length/Width = 6 mm

Thickness = 2.5 mm

Length/Width = 8 mm

Thickness = 3 mm

(1) Recommended
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221 Thickness increase of magnets

Figure 13: Magnetic flux density increases with increasing the magnet thickness (different magnets)
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Figure 14 shows the relationship of the peak amplitude in a rotating system (essentially the
magnetic field strength of the Bz field component) in relation to the thickness of the magnet. The
X-axis shows the ratio of magnet thickness (or height) [H] to magnet diameter [D] and the Y-axis
shows the relative peak amplitude with reference to the recommended magnet (D=6 mm,
H=2.5 mm). The recommended magnet has a H/D ratio of 0.42.
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Figure 14: Thickness/diameter ratio
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As the graph shows, the amplitude drops significantly at H/D ratios below this value and remains
relatively flat at ratios above 1.3.

Therefore, the recommended thickness of 2.5 mm (@6 mm diameter) should be considered as
the low limit with regards to magnet thickness.

It is possible to get 40% or more signal amplitude by using thicker magnets. However, the gain
in signal amplitude becomes less significant for H/D ratios >~1.3. Therefore, the recommended
magnet thickness for a 6 mm diameter magnet is between 2.5 mm and ~8 mm.

222 Diameter increase of magnets

Table 3: Comparison of different magnet diameters 6 mm, 8 mm and 10 mm

Small diameter magnet (6 mm) Large diameter magnet (8 mm, 10 mm)
+++ Stronger differential signal = Good signal / +++ Wider linear range = Larger horizontal misalignment
noise ratio, larger air gaps area
--- Shorter linear range = Smaller horizontal --- Weaker differential signal = Poorer signal / noise ratio,
misalignment area smaller air gaps
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2.3

Magnetic grades

Both SmCo and NdFeB magnets are available in different grades, mainly determined by the
remanence, essentially the strength of the magnet.

The recommended magnet grade for the magnetic position sensor when used for on-axis angle
measurement is N35H for NdFeB magnets.

Information:

NdFeB magnets have a lower operating temperature than SmCo magnets. A grade N35H has a
maximum operating temperature of 120°C. If the magnet is to be operated at higher ambient
temperatures, it is recommended to use a N35SH grade, which can operate up to 150°C.

Figure 15: SmCo magnet grades

| femonence  Revempooefl.  Cosciyoifield  Revempcost.  fregyped  Moxopiemp.  Densy
Lo dm B M ohd | BHes
kA/m kA/m approx. %K K/m* opprox. °C Qpprox.
min./nom. min./nom min./nom min./nom. g/em’
0.95/1.02 -0.032 700/730 21433 -0.19 175/191 300 83
1.02/1.05 -0.032 750/780 21433 =0.19 191/207 300 8.3
1.03/1.08 -0.032 756/796 21433 -0.19 207/220 300 8.3
1.08/1.10 -0.032 788/835 21433 =0.19 220/240 300 8.3
0.95/1.02 -0.032 700/730 =1990 -0.19 175/191 300 8.3 I
1.02/1.05 -0.032 750/780 21990 -0.19 191/207 300 83
1.03/1.08 -0.032 756/796 =1990 -0.19 207/220 300 8.3
1.08/1.10 -0.032 788/835 z1990 -0.19 220/240 300 8.3
(1) SmCo magnet grades (www.bomatec.ch)
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Figure 16: NdFeB magnet grades

[ R ] [ iovasmpcodk | [ Cowormyoifbd | [ Beuwmpieoa, | [ Erworod | | Moxopns, | Doy |
JEN A [ F ., T | A
; .
e S v S~
[ERRESORI 108/ 14 -0.11 780/812 >1353 -06 223/239 120 7.5
L14/1.17 SoAll 812/875 >1353 0.6 239/263 120 75
[ERRESSE 117 011 836/891 >1359 -06 263/279 120 75 |
1.22/1.26 E) 859/915 >1353 06 2797302 120 7.5
[EVREEGRE 12613 0.1 859/915 >1353 06 302/318 120 75
[N 133 -0.11 859/915 1353 -0.6 318/334 120 7.5
[ERREASEE 123137 -0.11 859/915 1353 -06 334/358 120 7.5
[ERREASHE 195138 -0.11 859/915 >1353 -06 350/366 120 7.5
[EMREEERE 157100 =011 859/915 >1353 -0.6 358/382 120 7.5
[ERRERZS  1.02/1.06 -0.1 780/812 1502 06 199,215 150 7.5
[EFRESGEI 108104 -0.11 780/812 1592 -06 223/239 150 7.5
1.14/1.17 il 812/875 =1592 06 239/263 150 7.5
[BRRESSSHE 117122 -o.1 836/891 1592 -06 263/279 150 7.5
T.227 126 EAl LR BE =06 2757 30L T30 73
[ERREAOSE  120/13 0.1 855/915 1502 -06 302/318 150 s
[N 133 -0.11 859/915 1592 -0.6 318/334 150 7.5
[ERREEEEEE 1 32/1.36 Sl 859/915 ~1592 06 334/350 150 75
[ERREZE0RE 104108 -0.11 780/812 =198 -06 199/223 160 7.5
[ENRESOURE 108114 -0.01 796/844 >1989 -06 223/239 160 7.5
[BRRESSURE 1417 -0.11 812/675 ~1985 06 239/263 160 75
[EFREEURE 1722 -0.11 836/891 =198% -06 263/279 160 7.5
[BMRESE0RE T 1227126 0.1 836/915 1989 06 279/302 160 75
[ERRERURE 12e.20 -0.11 836/915 =198 -06 302/318 160 7.5
[ERREZEEE 1 .04/1.08 0.1 780/812 >2387 -06 199/223 180 7.5
[ERREI0ERI 1 08/1 14 011 796/844 2387 -06 223/239 180 75
[EVRESEERR 1040107 -0.11 812/875 2387 -0.6 239/263 180 7.5
117/1.22 Sl 836/915 >2367 -06 263/279 180 75
1.22/1.26 -0t 836/915 2367 06 275/302 180 7.5

(1) NdFeB magnet grades (www.bomatec.ch)
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24 Magnetization types

Table 4: Magnetization types

Surface magnetization (one

. . i (1) . . PR
Diametric magnetization Axial two-pole magnetization side)

Standard Special Special
Very good homogeneous Bz Field Medium homogeneous Bz Field Good homogeneous Bz Field
Medium strength in z-direction Very high strength in z-direction High strength in z-direction

(1) Preferred

2.5 Magnetization errors
Figure 17: Magnetization angle

Magnetization Angle
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Figure 18: Magnetization tilt and impact to the INL parameter over displacement
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2.6 Temperature effects on magnets

Figure 19: Magnetic flux density Bz of N35H magnet at different temperature (same magnet)
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2.7 Mounting the magnet

Generally, for on-axis rotation angle measurement, the magnet must be mounted centered over
the IC package. However, the material of the shaft on which the magnet is mounted, is also of
utmost importance.

Magnetic materials in the vicinity of the magnet will distort or weaken the magnetic field being
picked up by the Hall elements and cause additional errors in the angular output of the sensor.

Figure 20: Magnetic field lines in air

Figure 20 shows the ideal case with the magnet in air. No magnetic materials are nearby.

Figure 21: Magnetic field lines in plastic or copper shaft

non-magnetic
material:
plastic, copper,..

If the magnet is mounted in non-magnetic material, such as plastic or diamagnetic material, such
as copper, the magnetic field distribution is not disturbed.
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Even paramagnetic material, such as aluminum may be used. The magnet may be mounted
directly in the shaft.

0 Information:

Stainless steel may also be used, but some grades are magnetic, they should be avoided.

Figure 22: Magnetic field lines in iron shaft

magnetic

e Attention:

If the magnet is mounted in a ferromagnetic material, such as iron, most of the field lines are
attracted by the iron and flow inside the metal shaft (see Figure 22). The magnet is weakened
substantially. This configuration should be avoided!
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Figure 23: Magnetic field lines with spacer between magnet and iron shaft

magnetic
material
(iron, etc..)

non-magnetic
material *,

If the magnet has to be mounted inside a magnetic shaft, a possible solution is to place a non-
magnetic spacer between shaft and magnet, as shown in Figure 23. While the magnetic field is
rather distorted towards the shaft, there are still adequate field lines available towards the sensor
IC. The distortion remains reasonably low.
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3  Magnet suppliers

Table 5: Magnet supplier for MPS products

Preferred suppliers

Web link

DEXTER

Dexter Magnetic Technologies

www.dextermag.com

SOMATEC AG Bomatec AG www.bomatec.ch
: Magnetfabrik Bonn www.magnetfabrik.de
magnetfabrik 22bonn
‘”“l’ MS-Schramberg GmbH & Co KG www.magnete.de

SEHEAMBERE

=€ ARNOLD
S

MAGNETIC TECHNOLOGIES

Arnold Magnetic Technologies

www.arnoldmagnetics.com

Alliance LLC

www.allianceorg.com
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3.1 Magnets used in ams OSRAM support tools (Evaluation Kit)

Table 6: Available magnets

Max
Part no. Description Magnetization Size Material operating
temp

Diametric
magnet,
D6x2.5mm,
Dexter Magnetics

AS5000-MD6H-3 Diametric magnet D6x2.5mm  NdFeB 120°C

Diametric
magnet,
D6x2.5mm,
Alliance LLC

AS5000-MD6SH-1 Diametric magnet D6x2.5mm  NdFeB 150°C

Diametric
magnet,
D6x2.5mm,
Bomatec AG

AS5000-MD6H-2 Diametric magnet  D6x2.5mm  NdFeB 120°C

Diametric
magnet,
D6x2.5mm,
Arnold Magnetic

AS5000-MD6H-1 Diametric magnet D6x2.5mm  NdFeB 120°C

Diametric
magnet,
D8x2.5mm,
Bomatec AG

AS5000-MD8H-1 Diametric magnet D8x2.5mm  NdFeB 120°C

Diametric

magnet, . .
AS5000-MD8H-N35SH  D8x3mm, Diametric magnet ~ D8x3mm legﬁBJ'N'C”N' 120°C
Zhejiang Innuovo P 9

Magnetics Co
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4 POS simulator

POS simulator is a software tool designed to simulate magnetic position angle sensors systems
out of the ams OSRAM portfolio. The tool supports various magnet materials, diameter,
thickness and device models to easily optimize your design.

Features:

* Fast system simulation results (magnet + sensor + mechanics)
e Supports all position sensors from ams OSRAM portfolio

* 3D animation of magnetic field distribution

* Support for various magnetic material types

* Save and share designs, export results as .xlIsx files

6 Referring documents:

* User guide for the tool is available for download on our webpage: POS simulator

* The tool can be installed via github using the following link:
github.com/ams-OSRAM/POS-simulator
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5 Revision information

Changes from previous released version to current revision v2-00 Page

Document contents transferred to latest ams OSRAM template

Updated Table 1 9

Updated Table 6 26

* Page and figure numbers for the previous version may differ from page and figure numbers in the current revision.

*  Correction of typographical errors is not explicitly mentioned.
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ABOUT ams OSRAM Group (SIX: AMS)

The ams OSRAM Group (SIX: AMS) is a global leader in intelligent sensors and emitters. By adding intelligence to
light and passion to innovation, we enrich people’s lives. With over 110 years of combined history, our core is defined
by imagination, deep engineering expertise and the ability to provide global industrial capacity in sensor and light tech-
nologies. Our around 20,000 employees worldwide focus on innovation across sensing, illumination and visualization
to make journeys safer, medical diagnosis more accurate and daily moments in communication a richer experience.
Headquartered in Premstaetten/Graz (Austria) with a co-headquarters in Munich (Germany), the group achieved EUR
3.6 billion revenues in 2023. Find out more about us on https://ams-osram.com

DISCLAIMER

PLEASE CAREFULLY READ THE BELOW TERMS AND CONDITIONS BEFORE USING THE INFORMATION
SHOWN HEREIN. IF YOU DO NOT AGREE WITH ANY OF THESE TERMS AND CONDITIONS, DO NOT USE THE
INFORMATION.

The information provided in this general information document was formulated using the utmost care; however, it is provided by
ams-OSRAM AG or its Affiliates* on an “as is” basis. Thus, ams-OSRAM AG or its Affiliates* does not expressly or implicitly assume
any warranty or liability whatsoever in relation to this information, including — but not limited to — warranties for correctness, com-
pleteness, marketability, fitness for any specific purpose, title, or non-infringement of rights. In no event shall ams-OSRAM AG or
its Affiliates* be liable — regardless of the legal theory — for any direct, indirect, special, incidental, exemplary, consequential, or
punitive damages arising from the use of this information. This limitation shall apply even if ams-OSRAM AG or its Affiliates* has
been advised of possible damages. As some jurisdictions do not allow the exclusion of certain warranties or limitations of liabilities,
the above limitations and exclusions might not apply. In such cases, the liability of ams-OSRAM AG or its Affiliates* is limited to the
greatest extent permitted in law.

ams-OSRAM AG or its Affiliates* may change the provided information at any time without giving notice to users and is not obliged
to provide any maintenance or support related to the provided information. The provided information is based on special conditions,
which means that the possibility of changes cannot be precluded.

Any rights not expressly granted herein are reserved. Other than the right to use the information provided in this document, no other
rights are granted nor shall any obligations requiring the granting of further rights be inferred. Any and all rights and licenses regar-
ding patents and patent applications are expressly excluded.

It is prohibited to reproduce, transfer, distribute, or store all or part of the content of this document in any form without the prior
written permission of ams-OSRAM AG or its Affiliates* unless required to do so in accordance with applicable law.

* ("Affiliate” means any existing or future entity: (i) directly or indirectly controlling a Party; (ii) under the same direct, indirect or joint
ownership or control as a Party; or (iii) directly, indirectly or jointly owned or controlled by a Party. As used herein, the term “control”
(including any variations thereof) means the power or authority, directly or indirectly, to direct or cause the direction of the manage-
ment and policies of such Party or entity, whether through ownership of voting securities or other interests, by contract or otherwise.)

Efi[R] For further information on our products Published by ams-OSRAM AG
[} please see the Product Selector and Tobelbader Strasse 30, 8141 Premstaetten, Austria
scan this QR Code. ams-osram.com © All Rights Reserved.
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