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Magnetic layers as field sources 

Magnetic field range 
for position detection 

The amplitude  of the magnetic field needed 
for position and orientation detection must lie 
in a “good” range, which is determined by: 
• the type of sensor 
• the desired position resolution 
• the presence of external stray fields 

Conclusions 

Introduction 

Magnetic devices for position and orientation detection typically include a magnetic field sensor and a 
permanent magnet attached to the element whose location and arrangement in space need to be probed. 
The magnetic field strength measured by the sensor varies as the magnet moves relative to it: as a 
consequence, the output signal produced by the sensor allows for the determination of the magnet’s 
position and orientation [1]. Magnetic sensors offer several key advantages, including contactless – and 
therefore wear-free – measurements, high resolution, low power consumption, excellent robustness against 
temperature and contamination, low production cost and potential for device miniaturization [2]. These 
features make them particularly appealing for the automotive sector, where they are currently exploited for 
a wide spectrum of applications ranging from crankshaft, camshaft and steering angle measurement to pedal 
and throttle position detection, wheel speed sensing (e.g. for ABS), suspension control and brushless DC 
motor position measurement [3]. 

For many applications, rare-earth-based magnets (e.g. NdFeB, SmCo) are the 
materials of choice due to their superior magnetic properties, i.e. their large 
remanence field and intrinsic coercivity. The common approach consists in 
cutting small magnets out of large sintered blocks and in subsequently placing 
and gluing them into their final position. This is however a cost-intensive 
manufacturing process, which adds up to the increasing expensiveness of rare-
earth-based magnets. Moreover, handling and precise positioning of the magnets 
in the final sensing devices is not straightforward, as they are usually magnetized 
before assembly.  
In this perspective, the deposition of permanent magnetic thick films represents 
an interesting alternative. Over the last three decades, a number of studies have 
demonstrated the possibility to fabricate rare-earth-based magnetic films thicker 

than 100 µm at reasonably high deposition rates by means of such techniques as  
sputtering [4], plasma spraying [5], pulsed laser deposition [6], tape casting [7] 
and aerosol deposition [8]. 
  
Here, we propose the use of magnetic layers as field sources for position sensing, 
as this is expected to bring about a number of significant practical advantages, 
including: 
• Decrease of the amount of material required for device production 
• Ease of integration of the layer deposition step into the manufacturing chain 
• Overall cost reduction of the system fabrication process 
• Possibility to boost the magnetic signal via a suitable combination of soft and 

hard ferromagnetic layers 
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State-of-the-art shift 
fork system with two 
NdFeB bulk magnets 

(𝐵𝑟  = 1 T and 𝜇𝑟 = 1.0) 
on a steel plate 

500-mm-thick 
NdFeB hard 

magnetic layer 
with 𝐵𝑟  = 1 T 

Linear analytical simulations of 
the magnetic field amplitude  
(Magpylib Python package) 

Magpylib 

FEM simulations of magnetic soft/hard bilayer 

FEM simulations were performed using the ANSYS Maxwell software. 

System geometry: Hard magnetic layer (HL) split in two 
parts with opposite magnetization on top of a soft magnetic 
layer (SL) acting as a “short circuit” and enhancing the 
effective magnetic field. 
Magnetic field: The strength of the magnetic field produced 
by the HL is increased by the presence of the SL (e.g. for a 
100-mm-thick HL with 𝐵𝑟 = 1 T deposited on top of a 1-mm-
thick SL with 𝜇𝑟 = 4000 an enhancement by a factor of 3 is 
observed as compared to the HL alone, see colored map). Soft layer (SL) enabled Soft layer (SL) disabled 

Examples of state-of-the-art magnetic position detection systems 

Shift fork (left), pedal brake (right) 

Wheel speed sensing 

Joystick system 

1 mm 

x 

z 

Field amplitude measured by the sensor in the x direction: 
System parameters: 
 
An increase of the airgap Δ leads to a decrease in the 
magnetic field amplitude at the sensor position. 

• stroke range: ±10 mm 
• Δ = airgap (distance HL-sensor)  

Threshold behavior of the soft layer thickness: 
• For increasing thickness  𝑡𝑆𝐿  of the SL, the 

magnetic field shows a saturation behavior 

• A threshold SL thickness 𝑡𝑆𝐿
𝑡ℎ can be defined as 

the 𝑡𝑆𝐿 for which the magnetic field reaches the 
95% of its saturation value) 

• 𝑡𝑆𝐿
𝑡ℎ varies linearly as a function of 𝑡𝐻𝐿 

Our work demonstrates that hard ferromagnetic layers are promising candidates 
to replace bulk magnets as magnetic field sources in position and orientation 
detection systems. Standard automotive applications (e.g. gear shift forks, wheel 
speed sensors) can potentially benefit from such a technology. In addition, the 
possibility to boost the magnetic field strength by depositing a hard layer on top 
of a soft ferromagnetic substrate opens the way for the development of high-
precision low-airgap applications, e.g. multimedia control elements. 


