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1 Abstract
Target of this application note is to show how a magnetic 3D sensors can be used in a gear stick application.

Note: The following information is given as a hint for the implementation of our devices only and shall not be 
regarded as a description or warranty of a certain functionality, condition or quality of the device.

2 Introduction
A magnetic 3D sensor is well suitable for a detection of the position of the gear stick. The „State-of-the-art“
solution with up to 6 single hall switches can be replaced by one 3D sensor. The TLE493D-W1B6 has the same
package dimensions as a hall switch and leads to cost and space savings.

Figure 1 Principle of a position detection in a gear stick

The idea is that dedicated positions of a lever needs to be detected. For automated transmission normally
following positions are required:
• P - Park
• R - Reverse
• N - Neutral
• D - Drive
• Optional „+“ and  „-“ for “manual” gear shift
Up to now the detection is realized by a hall switch matrix on a PCB. Up to 6 simple Hall switches are needed
to detect the gear position. Due to safety reasons often two switch arrays are necessary. 
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3 How to use a 3D Sensor?
For a robust design with a magnetic 3D sensor following parameters are used:
• Arc range 0° .. 30° (each 6° one Hall switch)
• Magnet Parameters

– Material = NdFeB
– Magnet shape= rectangular block (7mm x 5mm x 3 mm)
– Airgap between sensor and magnet = 4mm
– Magnetization direction = axial
– Remanence Br = 1T
– Lever = 1.3cm

With the above used parameters a linear characteristic between magnetic calculated angel theta Θ and
mechanical movement of the gear stick is obtained. The spherical angle theta is calculated of the X, Y and Z
components of the sensor, see Chapter 6. With those a clear position detection can be obtained.
The absolute value of the field is always in the range of around 30mT and is therefore considered as a sufficient
signal.

Figure 2 Mechanical Angle versus Theta

The linear range of theta depends on the length of the lever. The smaller the lever the bigger is the linear range
(Figure 3).
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Figure 3 Linear Range versus Lever Length

Further simulations for a cheaper magnet have been evaluated. The magnet material NdFeB has been
replaced by a ferrite. All other parameters have been kept the same.

Figure 4 Influence of Magnetic Material; Mechanical Angle versus Theta
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As you can see in Figure 4 the linear range has not changed, but the strength of the magnetic field has
decreased. If this still fits the application needs than you are fine with a ferrite.
But, you may come up with some concerns that the robustness is not sufficient anymore due to the smaller
field. This decline of field can be compensated by a reduction of the airgap from 4mm to 2mm. This is shown
in Figure 5.

Figure 5  Reduction of Airgap with Ferrite

All those simulations give a good indication for a proper magnetic design as position detection in a gear stick
application.
This simulation will be verified in the future.
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4 Accuracy
The accuracy is evaluated for below mentioned parameters:
Geometry:
• Lever: 1.3 cm
• Airgap: 4 mm

Figure 6 Magnet Lever

Magnet:
• Size: 7x5x3 mm
• Remanence: 1000 mT
• Magnetization: axial

Figure 7  Linear Fit of the Mech. Angle
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Figure 8  Error of the Linear Fit Compared to the Original Value

Result:
The error is below 1° for an ideal magnetic circuit. Sensor errors may lead to additional errors.
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5 Sensor Functionality

Figure 9  Block Diagram

The IC consists of three main function units containing following building blocks:
• The power mode control system, containing a low-power oscillator, basic biasing, accurate reset, 

undervoltage detection and a fast oscillator.
• The sensing part, containing the HALL biasing, HALL probes with multiplexers and successive tracking ADC. 

Furthermore a temperature sensor is implemented.
• The I2C interface, containing the register file and I/O pads

5.1 Sensing part

Performs the measurements of the magnetic field in X, Y and Z direction. Each X, Y and Z-HALL probe is
connected sequentially to a multiplexer, which is then connected to an Analog to Digital Converter (ADC).
Optional, the temperature is determined as well after the three HALL channels. The current consumption
decreases by -25% when temperature measurement is deactivated.
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6 Appendix: Calculation of Spherical Coordinates

6.1 Generals in 3D Movements

Figure 10 Spherical Movements

• In the Zero position (=Z-axis) Phi=0° & Theta=0°
• A pure forward or backward movement along the x-axis will lead to an increasing absolute Theta value. 

Phi will stay at 0°
• A pure left or right movement along the y-axis will lead to an increasing absolute Theta value. 

Phi will jump from 0° to 90°
• All other movements/positions can be described as a combination of Theta & Phi
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6.2 Conversion from X,Y and Z Coordinates to Spherical Coordinates
The readouts have been translated from X, Y & Z coordinates to spherical coordinates.

Figure 11 Movements in spherical coordinates

Following formulas have been used for this translation:
Mag. flux density vectors given by mechanics

→ r, x, y, z corresponds to Br, Bx, By, Bz
with Br = vector length of magnetic field
Bx = field component in x-direction
By = field component in y-direction
Bz = field component in z-direction

Sensor measures Bx, By, Bz (with some errors)
µC calculates:

theta
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phi

, if x=0
, if x>0arctan(     )x

y

, if x<0     y   0arctan(     )x
y

, if x<0     y<0arctan(     )x
y

= atan2(y,x) =ϕ { sgn( y ) 2
π

π+
π− ∧

∧ ≥



Application Note 13 Rev. 1.0 2015-10-15
 

Using a Magnetic 3D Sensor in a Gear Stick Application
 

 Revision History

7 Revision History

Revision Date Changes
Rev. 1.0 2015-10-15



Trademarks of Infineon Technologies AG
AURIX™, C166™, CanPAK™, CIPOS™, CoolGaN™, CoolMOS™, CoolSET™, CoolSiC™, CORECONTROL™, CROSSAVE™, DAVE™, DI-POL™, DrBLADE™, EasyPIM™,
EconoBRIDGE™, EconoDUAL™, EconoPACK™, EconoPIM™, EiceDRIVER™, eupec™, FCOS™, HITFET™, HybridPACK™, Infineon™, ISOFACE™, IsoPACK™, i-
Wafer™, MIPAQ™, ModSTACK™, my-d™, NovalithIC™, OmniTune™, OPTIGA™, OptiMOS™, ORIGA™, POWERCODE™, PRIMARION™, PrimePACK™,
PrimeSTACK™, PROFET™, PRO-SIL™, RASIC™, REAL3™, ReverSave™, SatRIC™, SIEGET™, SIPMOS™, SmartLEWIS™, SOLID FLASH™, SPOC™, TEMPFET™,
thinQ!™, TRENCHSTOP™, TriCore™.
Other Trademarks
Advance Design System™ (ADS) of Agilent Technologies, AMBA™, ARM™, MULTI-ICE™, KEIL™, PRIMECELL™, REALVIEW™, THUMB™, µVision™ of ARM Limited,
UK. ANSI™ of American National Standards Institute. AUTOSAR™ of AUTOSAR development partnership. Bluetooth™ of Bluetooth SIG Inc. CAT-iq™ of DECT
Forum. CIPURSE™ of OSPT Alliance. COLOSSUS™, FirstGPS™ of Trimble Navigation Ltd. EMV™ of EMVCo, LLC (Visa Holdings Inc.). EPCOS™ of Epcos AG.
FLEXGO™ of Microsoft Corporation. HYPERTERMINAL™ of Hilgraeve Incorporated. MCS™ of Intel Corp. IEC™ of Commission Electrotechnique Internationale.
IrDA™ of Infrared Data Association Corporation. ISO™ of INTERNATIONAL ORGANIZATION FOR STANDARDIZATION. MATLAB™ of MathWorks, Inc. MAXIM™ of
Maxim Integrated Products, Inc. MICROTEC™, NUCLEUS™ of Mentor Graphics Corporation. MIPI™ of MIPI Alliance, Inc. MIPS™ of MIPS Technologies, Inc.,
USA. muRata™ of MURATA MANUFACTURING CO., MICROWAVE OFFICE™ (MWO) of Applied Wave Research Inc., OmniVision™ of OmniVision Technologies,
Inc. Openwave™ of Openwave Systems Inc. RED HAT™ of Red Hat, Inc. RFMD™ of RF Micro Devices, Inc. SIRIUS™ of Sirius Satellite Radio Inc. SOLARIS™ of
Sun Microsystems, Inc. SPANSION™ of Spansion LLC Ltd. Symbian™ of Symbian Software Limited. TAIYO YUDEN™ of Taiyo Yuden Co. TEAKLITE™ of CEVA,
Inc. TEKTRONIX™ of Tektronix Inc. TOKO™ of TOKO KABUSHIKI KAISHA TA. UNIX™ of X/Open Company Limited. VERILOG™, PALLADIUM™ of Cadence Design
Systems, Inc. VLYNQ™ of Texas Instruments Incorporated. VXWORKS™, WIND RIVER™ of WIND RIVER SYSTEMS, INC. ZETEX™ of Diodes Zetex Limited.

Trademarks Update 2014-11-12

www.infineon.com

Edition 2015-10-15
Published by 
Infineon Technologies AG
81726 Munich, Germany

© 2014 Infineon Technologies AG.
All Rights Reserved.

Do you have a question about any 
aspect of this document?
Email: erratum@infineon.com

Document reference
Doc_Number

Legal Disclaimer
THE INFORMATION GIVEN IN THIS APPLICATION NOTE
(INCLUDING BUT NOT LIMITED TO CONTENTS OF
REFERENCED WEBSITES) IS GIVEN AS A HINT FOR THE
IMPLEMENTATION OF THE INFINEON TECHNOLOGIES
COMPONENT ONLY AND SHALL NOT BE REGARDED AS
ANY DESCRIPTION OR WARRANTY OF A CERTAIN
FUNCTIONALITY, CONDITION OR QUALITY OF THE
INFINEON TECHNOLOGIES COMPONENT. THE
RECIPIENT OF THIS APPLICATION NOTE MUST VERIFY
ANY FUNCTION DESCRIBED HEREIN IN THE REAL
APPLICATION. INFINEON TECHNOLOGIES HEREBY
DISCLAIMS ANY AND ALL WARRANTIES AND
LIABILITIES OF ANY KIND (INCLUDING WITHOUT
LIMITATION WARRANTIES OF NON-INFRINGEMENT OF
INTELLECTUAL PROPERTY RIGHTS OF ANY THIRD
PARTY) WITH RESPECT TO ANY AND ALL INFORMATION
GIVEN IN THIS APPLICATION NOTE.

Information
For further information on technology, delivery terms
and conditions and prices, please contact the nearest
Infineon Technologies Office (www.infineon.com).
Warnings
Due to technical requirements, components may
contain dangerous substances. For information on the
types in question, please contact the nearest Infineon
Technologies Office. Infineon Technologies
components may be used in life-support devices or
systems only with the express written approval of
Infineon Technologies, if a failure of such components
can reasonably be expected to cause the failure of that
life-support device or system or to affect the safety or
effectiveness of that device or system. Life support
devices or systems are intended to be implanted in the
human body or to support and/or maintain and
sustain and/or protect human life. If they fail, it is
reasonable to assume that the health of the user or
other persons may be endangered.

mailto:erratum@infineon.com
http://www.infineon.com
http://www.infineon.com

	Table of Contents
	1 Abstract
	2 Introduction
	3 How to use a 3D Sensor?
	4 Accuracy
	5 Sensor Functionality
	5.1 Sensing part

	6 Appendix: Calculation of Spherical Coordinates
	6.1 Generals in 3D Movements
	6.2 Conversion from X,Y and Z Coordinates to Spherical Coordinates

	7 Revision History

