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Abstract: The experimental approach to the fabrication of flexible anisotropic magnetoresistive (AMR)
sensors for magnetic field detection in the mT range is validated. It is based upon a combination of
screen printing with high-power diode laser array post-processing, both of which are scalable and
high-throughput methods. The whole process chain is evaluated, including powder preparation,
paste formulation, screen printing, laser sintering, and characterization of microstructure and mag-
netoresistive response of the resulting sensors. Using high-quality permalloy powder with platelet
geometry, the sensors with an AMR effect of 0.5-0.6% at 2-3 mT were realized on polymer substrates.
The further optimization of the sensors’ preparation steps is in progress.
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1. Introduction

Anisotropic magnetoresistive sensors as rigid surface-mounted devices are widely
used for the detection of motion (displacement, rotation, vibration) and contactless electric
current measurements [1]. The integration of the sensors in flexible substrates using print-
ing technology is expected to enable novel applications like contactless human-machine
interfaces [2]. However, this requires resolving a number of experimental challenges, such
as the preparation of high-quality powder material, formulation of printable paste, and re-
alization of the functional AMR structures. The present work expands on the experimental
approach tested in [2] for Bi-based materials to the AMR sensors.

2. Materials and Methods

The preparation steps of the AMR sensors based on permalloy powder material
(Ni80Fe20) are shown in Figure 1. The resistance of printed and post-treated sensors on
polyimide foil was measured in a magnetic field applied by 2 coils with a high-precision
multimeter (Tensormeter RTM1, HZDR Innovation, Dresden, Germany). The AMR effect
was then calculated by Equation (1), where Ry is the resistance in the magnetic field, and
Ry is the resistance without the magnetic field.

Ro
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Figure 1. (a) Schematics of process chain. (b) Photo of printed and laminated meander structure on
polyimide foil and (c) photo of printed, laminated, and sintered structure on also printed contacts.

3. Discussion

The printed AMR sensors show resistance and AMR effect depending on the applied
post-treatment. The as-printed layers are not conductive. After lamination, the resistance of
the layers is in the kOhm—range depending on the used screen printing parameters. Laser
sintering enables very good resistance in the Ohm—range and a good AMR effect of up to
0.6%, depending on the laser fluence. Maeander structures also show angle dependency
of the applied magnetic field. In Figure 2, two magnetoresistive plots are shown, which
illustrate the sensing response of the sensor in the parallel and perpendicular directions to
the current.
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Figure 2. MR plots of meander structure sintered with an optimal fluence of 17.4 J/cm? where the
magnetic field is parallel to the long axis (a) and perpendicular (b).

Author Contributions: Conceptualization, C.V. and M.V.; methodology, C.V. and M.V,; validation,
M.V, SM., M.O,, TP, CS,, ES.O.-M. and D.M,; investigation, M.V,, SM., M.O,, TP, CS., ES.O.-M.
and D.M.; resources, M.V,, SM., M.O., T.P. and D.M.; data curation, C.V.; writing—original draft
preparation, C.V,; writing—review and editing, C.V,, M.V,, S.M., M.O., T.P. and D.M; visualization,
C.V,; supervision, M.V,; project administration, D.M.; funding acquisition, M.V. and D.M. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Federal Ministry of Education and Research (BMBF) and
VDI/VDE Innovation + Technik GmbH, grant numbers 03VP09091, 03VP09092, and 03VP09093 as a
VIP+ project.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The Data shown in this publication are available upon request from the
corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.



Proceedings 2024, 97, 177 30f3

References

1.  Wurz, M.C; Prediger, M.S. Physical Sensors: Magnetic Sensors. In Reference Module in Biomedical Sciences; Elsevier: Amsterdam,
The Netherlands, 2021.

2. Oliveros-Mata, E.S.; Voigt, C.; Cafién Bermudez, G.S.; Zabila, Y.; Valdez-Gardufio, N.M.; Fritsch, M.; Mosch, S.; Kusnezoff, M.;
Fassbender, J.; Vinnichenko, M.; et al. Dispenser Printed Bismuth-Based Magnetic Field Sensors with Non-Saturating Large
Magnetoresistance for Touchless Interactive Surfaces. Adv. Mater. Technol. 2022, 7, 2200227. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1002/admt.202200227

	Introduction 
	Materials and Methods 
	Discussion 
	References

