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The application note provides a guideline to select a 2-pole magnet to be used in combination with some main stream

sensing Triaxis® sensors, MLX9042x or performance sensing Triaxis® sensors, MLX90376-6x0. Using the axial field-
differential angle sensor mode with the Triaxis rotary position sensor allows being robust to homogeneous stray field
for a 360 deg absolute rotary position range. The design of the magnetic angle measurement system is based on the
needs of the particular application, such as the available airgap, accuracy requirements, temperature range and
properties of the Triaxis® Hall sensor.

This document will only consider the end-of shaft magnetic circuit and provides an introduction of associated
performances vs. the two main sources of error, ie mechanical and magnetic influences like eccentricity.

MLX90425 Triaxis® Hall Rotary position sensor featuring ANALOG / PWM
MLX90426 Triaxis® Hall Rotary position sensor featuring SENT
MLX90376-6x0 Triaxis® Hall Rotary position sensor featuring analog / SENT / SPC / PWM
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3. Magnetic Measurement Principle

The Figure 1 shows a typical example of an end-of-shaft application for which a 2 pole magnet is rotating above the IC,
and figure 2 shows the three corresponding magnetic flux densities ( i.e. Bx, By and Bz) in the XY plane for a defined
mechanical angle position equal to 0 deg. The 2 flux components Bx & By are shown for information only and will be

rejected in the measurement as the sensor only uses the axial- field differential ABz signal and is thereby stray field
immune.

0 =0 .6

Figure 2 — Magnetic flux density Bx, By, Bz for the position shown in figure 1

The Triaxis® stray field immune Rotary position sensor measures the magnetic Bz signals at 4 different in-plane
positions of the sensors at radius (r) applied perpendicular to the IC surface,

Bz@(r,0),Bz@(—r,0),Bz@(0,r), Bz@ (0, —r) and combines them into two ABz signals with a 90 deg phase shift,
which represent a sine- and cosine functlon while the magnet rotates 360 degrees. (see flgure4)
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Figure 3 — Magnetic axial- field differential fields (ABz/AX) , ( ABZ/AY) for the fig. 2
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Figure 4 : In-plane field differentials for figure 1

The MLX9042x & MLX90376 will further process the sine- and cosine wave signals to an absolute rotary position from 0
to 360 Degrees of any 2pole magnet rotating around its z-axis.

ABz A
Amech. = Atan2 (ﬂ ﬂ)

Ax ' Ay
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4. Designs Rules: Magnetic Selection

As the design of any magnetic system is based on matching the needs of the application, it is mandatory to make the
correct selection of the magnetic sensor and the magnet, as well as an understanding of the influences that
determines the accuracy. The main requirements of the stray field immune Triaxis® sensors, related to the magnetic
performance, will be used to illustrate how they need to be checked with the available choices of 2 pole magnets.

Table 1 is a summary of the major sensor requirements ! that will be used for the magnet selection.

Product 92:16
/ (ACA) Condition / Unit
Parameter GVD - 6x0
Number of magnetic poles 2 2 2 2 In-plane // IC surface
. 0.375 0.375 0.375
Sensor radius (r) 0.85 (0.7) (0.7) (0.7) [mm]
Die off axis N/A N/A 0 0 Distance vs. rotating Z —axis [mm]
Min. differential Field® 50,25 20,25 50,25
AB., 10 . . . (&)2 " (Aﬁ)z[ T/mm]
— (10) (10) (10) s ay) tmi/mm
AXY ¥ g
Max. field
By, By N/A N/A N/A N/A VB2 + BZ [mT]
Package airgap 0.46 0.46 0.33/0.54 0.5/0.77 Distance IC surface — sensor [mm]
Package SOIC-8 SOIC-8 TSSOP-16 SMP4

Table 1: MLX90425 — 90426 - 90376 Stray field immune Sensor specifications

4.1. Mechanical description

The mechanical alignment between z-axis of rotation, magnet position and sensor position strongly determines
measurement accuracy. Mechanical alignment errors as well as magnetization errors (Figure 5) can result in additional
offset, phase shift, amplitude changes and non-linearity vs. the ideal sine and cosine output curves.

Az

"Magnet tilt

Axial distance
Figure 5 : Mechanical setup for angular sensing Magnet-Sensor

<

RadigaIOff axis
Sensor / Magnet

! For more details and latest specifications, please check the corresponding datasheet MLX90425/90426/90376
? Min. field has an impact on sensors noise and thermal performance, please check datasheet for more details.
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4.2. Magnets and material properties

The following table shows the magnet properties for the magnets D, AL & A that are used in this application note.

IS N S NS

Magnetization Diametrical Axial-Lateral Axial
Outer Diameter [mm] 6/10/14 6/10/14 6/10/14
Inner Diameter [mm] 0 0 0

Thickness [mm] 2.5 2.5 2.5
Br [mT] 1000... 540... 200...
Typ. Material NdFeB , SmCo Bonded NdFeB Bonded Ferrite

Table 2: Magnet properties

The 3 magnets are a first selection to illustrate the effect of the diameter and additionally the choices of magnetic
material & magnetization. A disk magnet is selected as base material to simplify the comparisons and manufacturing
process. Using a disk magnet, there is typ sufficient strong field on the magnetic field sensing elements with sufficient
homogeneity. Adding a hole is of no practical use as it can drastically reduce the field differentials.

4.2.1. Diametrical magnetization

Generally a diametrical magnetization means a homogenous magnetization through the whole body and is
oriented perpendicular to the cylinders/disk axis. Small magnets with diametrical magnetization not only
generate a large diametrical field, they also generate a useful axial field right on the rotation axis.

To fulfill the min. field requirement of the sensor, smaller magnet diameters and/or strong magnetic
material ( NdFeB , SmCo) favors the axial field —differential sensor. Larger magnets make the field stronger
and more homogeneous, but for axial field-differential sensors this does not work because more
homogeneous fields make the differential drops. For diametrical magnetized magnets, the diameter is
therefore limited as illustrated in fig 6.

Magnetic flux density ABz - Diametrical magnetization
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Magnetic Flux density, Bz component
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Figure 6 : Magnetic flux density ABz & flux lines for a diametrical magnetized magnet
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4.2.2. Axial-lateral magnetization

Two pole axial-later sensor magnets are based on bow shaped magnetized disk with two poles per pole face.
Optional there can be in depressions, ledges or floors to improve subjects like angular errors of field
distributions®. The magnetization is oriented towards the z-direction, so that the main poles are always on
one side of the magnet facing the sensor, as shown in the right picture of fig 7. The other side of the magnet
has nearly no magnetic field which can be an advantage if mounted on a ferromagnetic shaft to limit the
magnetic field strength losses. The axial — lateral magnetization allows us to achieve more differential
signals vs the diametrical magnetization, but due to the location of the main poles on the top face of the
magnet, the linear range between the poles is also degraded. However as the diameter of the magnet is not
directly limited by a differential drop, as illustrated in fig 7, a larger magnet could be selected to compensate
this linearity degradation if needed.

Magnetic flux density ABz - Axial-Lateral magnetization
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Figure 7 : Magnetic flux density ABz & flux lines for an axial-lateral magnetized magnet

4.2.3. Axial magnetization

Two pole axial sensor magnets are based on axially magnetized disk or cylinder with two poles per pole face,
Optional there can have in depressions, ledges or floors to improve subjects like angular errors of field
distributions®. The axial magnetization achieves maximal differential signals but shows lesser homogeneity
which leads to an increase of the non-linearity of the signal. It allows one to select the weakest magnetic
material to reduce cost.

Magnetic flux density ABz - Axial magnetization

60 S SN A N V1] 7 S W
50 A_DEH2.5_250 2 \\. t f ? »; '; // [V o N 8 ]
T 4 \PRERREAN . g
£ L | Bt 1ot §
g 30 A_D10H2.5_250 il TR EE
o JH!H ASRER N
0 A_D14H2.5_250 / ERERER J Lt aAasaN HeE
& 7/ I 2 P TYANI =
0 TR /) AN~ 5
! g : N ® PO [ A B
Z-Distance [mm] 7S el W A r / Pl AN R :

ARRERRN .- . ZZRRRRRe

AL SN i t v

Figure 8 : Magnetic flux density ABz & flux lines for an axial magnetized magnet

’ To be aligned with the magnet supplier for best process optimization.
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4.3. Min. differential field, max. field
The acceptable axial distance between magnet and sensor is defined by the min. field requirement:

e The required signal-to-offset or signal-to-noise ratio for the max. airgap, is specified by min. differential Field
AB,
AXY
selected magnet or a magnet definition for a required max. airgap.

in Table 1. The minimum differential requirement will result in either a max. airgap definition for a

A selection of magnetic material was made for the 3 different magnetizations with the same D10H2.5 mm magnet
size, to achieve a comparable magnetic axial differential field at a typ airgap = 2.x mm.

Magnetic flux density Bz vs axial distance w/ D10H2.5
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Figure 9 : Axial field-differential vs. Axial distance from Magnet to Sensor ( = Airgap)

e The lower airgap limit for Traxis sensor was typically defined by the max. field Bx,By and restricted by the
saturation level of the internal magnetic concentrator. As the axial field-differential sensing mode measures
the Bz fields without the internal magnetic concentrator, this limitation is no longer applicable. However,
depending on the selected magnetization and sensor, the non-linearity of field signal and bigger HE radius can
have an impact on the error budget at closer airgaps as shown in chapter 4.5 This therefore can have an
impact on the choice of the min airgap.
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4.4. Rad

ial sensor off axis

Melexis

INSPIRED ENGINEERING

Off-axis position due to production tolerances, mechanical play and vibration will lead to non-linearity of the angle
output signal. Figure 10 shows the typical relative non-linearity vs the center position for a radial sensor off axis at
different airgaps, with the magnet A, D and AL.

Magnet D_D10H2.5 : Rel. Linearty error due to
Radial sensor off axis at 2.0 mm airgap

Magnet D_D10H2.5 : Rel. Linearty error due to

Radial sensor off axis vs airgaps
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Figure 10 : Non-linearity error vs. radial sensor off axis vs. Axial distance from Magnet to Sensor
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Angular errors due to a given radial sensor off axis misalignment will become smaller with an increasing diameter of
the magnet and decreasing axial distance. It can also be noticed from figure 10 & 11, that the diametrical
magnetization for all diameters has a better robustness against eccentricity vs. the axial & axial-lateral magnetized
magnets, thanks to the better in plane homogenous magnetic differential field.

The relative non-linearity angle error, due to a radial sensor off axis, can be recognized from the shape as it has a
typical 2nd harmonic cosine and sine component. The maximum error for the different conditions and magnets vs.
radial sensor off axis, is summered in figure 11.
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4.5. Non linearity vs airgap

Axial and Axial-lateral magnetized magnets have less in plane homogenous magnetic differential field, which in
combination with bigger HE sensing radius, can create a non-linearity of field signal, resulting in a 4™ harmonic non
linearity angle error at close airgaps. This can impact on the error budget at closer airgaps and therefore can have
an impact on the choice of min airgap.

Angle error ( 4th harm.) vs. airgap for magnet Axial-lateral Angle error ( 4th harm.) vs. airgap for magnet Axial
2 2
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% &
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em— 90376 ACA [—— em— 90376 ACA
0 0
1.5 2 2.5 3 3.5 4 1.5 2 2.5 3 3.5 4
z-distance [mm] z-distance [mm]
. th . . . . .
Figure 12 : max. 4~ harmonic Non-linearity error vs. Axial distance from Magnet to Sensor
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5. Magnet Recommendations & Optimization

Several different sizes, magnetization directions and shapes can be used for the Triaxis® stray field immune axial field-
differential angle sensor and the final selection of choice will usually be based on the application requirements.

The axial differential signals are typically increased with decreasing magnet diameter and the first selecting criteria to fulfill
the min field requirement.

The axial and axial-lateral magnetization are typically generating more axial differential signals allowing cheaper magnetic
material vs diametrical magnetized magnets, but more sensitive to off-axis because the field lines are then changing rapidly
under the magnet at the North/ south interface leading to less in- plane homogenous magnetic differential field. In order of
eccentricity error performance, Diametrical magnets are best in class, followed by Axial — lateral and latest Axial magnetized
magnets.

Linearity errors due to static mechanical and magnetic misalignments as previously illustrated, like off axis in the XY plane
are ideally compensated at customer through the linearization of the output transfer characteristic of the sensor. However
to improve the robustness to eccentricity in general and to minimize the effect of dynamic mechanical drift error over
lifetime, in most cases the best solution is to choose a magnet with big enough diameter.

Plastic bonded Ferrite magnet are typical from cost perspective a preferred solution, but typ. also anisotropic, Axial
magnetized, generating more axial differential signals.

Axial Axial-lateral

++ good Medium + Good
homogeneous homogeneous homogeneous

A Medium strength ++ High strength + High strength
Br >1000 mT ( $$$) Br >300 mT ($) Br>500 mT ( $$)
Limited max

diameter

Figure 13 : Mech. variants of magnet , Strength vs off axis performance
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6. Disclaimer

The content of this document is believed to be correct and accurate. However, the content of this document is furnished "as is" for informational use only
and no representation, nor warranty is provided by Melexis about its accuracy, nor about the results of its implementation. Melexis assumes no responsibility
or liability for any errors or inaccuracies that may appear in this document. Customer will follow the practices contained in this document under its sole
responsibility. This documentation is in fact provided without warranty, term, or condition of any kind, either implied or expressed, including but not limited
to warranties of merchantability, satisfactory quality, non-infringement, and fitness for purpose. Melexis, its employees and agents and its affiliates' and
their employees and agents will not be responsible for any loss, however arising, from the use of, or reliance on this document. Notwithstanding the
foregoing, contractual obligations expressly undertaken in writing by Melexis prevail over this disclaimer.

This document is subject to change without notice, and should not be construed as a commitment by Melexis. Therefore, before placing orders or prior to
designing the product into a system, users or any third party should obtain the latest version of the relevant information.

Users or any third party must determine the suitability of the product described in this document for its application, including the level of reliability required
and determine whether it is fit for a particular purpose.

This document as well as the product here described may be subject to export control regulations. Be aware that export might require a prior authorization
from competent authorities. The product is not designed, authorized or warranted to be suitable in applications requiring extended temperature range
and/or unusual environmental requirements. High reliability applications, such as medical life-support or life-sustaining equipment or avionics application
are specifically excluded by Melexis. The product may not be used for the following applications subject to export control regulations: the development,
production, processing, operation, maintenance, storage, recognition or proliferation of:

1. chemical, biological or nuclear weapons, or for the development, production, maintenance or storage of missiles for such weapons;

2. civil firearms, including spare parts or ammunition for such arms;

3. defense related products, or other material for military use or for law enforcement;

4. any applications that, alone or in combination with other goods, substances or organisms could cause serious harm to persons or goods and that can be
used as a means of violence in an armed conflict or any similar violent situation.

No license nor any other right or interest is granted to any of Melexis' or third party's intellectual property rights.

If this document is marked “restricted” or with similar words, or if in any case the content of this document is to be reasonably understood as being
confidential, the recipient of this document shall not communicate, nor disclose to any third party, any part of the document without Melexis’ express
written consent. The recipient shall take all necessary measures to apply and preserve the confidential character of the document. In particular, the recipient
shall (i) hold document in confidence with at least the same degree of care by which it maintains the confidentiality of its own proprietary and confidential
information, but no less than reasonable care; (ii) restrict the disclosure of the document solely to its employees for the purpose for which this document was
received, on a strictly need to know basis and providing that such persons to whom the document is disclosed are bound by confidentiality terms
substantially similar to those in this disclaimer; (iii) use the document only in connection with the purpose for which this document was received, and
reproduce document only to the extent necessary for such purposes; (iv) not use the document for commercial purposes or to the detriment of Melexis or its
customers. The confidentiality obligations set forth in this disclaimer will have indefinite duration and, in any case, they will be effective for no less than 10
years from the receipt of this document.

This disclaimer will be governed by and construed in accordance with Belgian law and any disputes relating to this disclaimer will be subject to the exclusive
jurisdiction of the courts of Brussels, Belgium.

The invalidity or ineffectiveness of any of the provisions of this disclaimer does not affect the validity or effectiveness of the other provisions.
The previous versions of this document are repealed.

Melexis © - No part of this document may be reproduced without the prior written consent of Melexis. (2022)

IATF 16949 and 1SO 14001 Certified
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