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Fluxgate sensors are magnetic flux density measurement instruments. They are high-accuracy direction sensitive

magnetometers that include the Earth’s magnetic field in their measuring range. For this reason, they are

commonly used for magnetic compass applications. Among others, many current measurement devices are based

on fluxgate sensors, since they can measure DC magnetic fields as well as low-frequency AC magnetic fields.
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1. Introduction

The fabrication and characterization of a flexible, flat, miniaturized fluxgate sensor with a thin amorphous

rectangular magnetic core using the pad/printing technique have been achieved. Both the design and the various

printing steps of the sensor are presented. The fluxgate sensor comprises of solenoid coils, and to the best of our

knowledge, is the first to be printed with a conventional micro-printing technique. The magnetic core is a non-

printed component, placed between the printed layers. The sensor’s linear measuring range is ±40 µT with 2% full-

scale linearity error, at 100 kHz excitation frequency. The highest measured sensitivity reaches 14,620 V/T at 200

kHz, while the noise of the sensor was found to be 10 nT/ √Hz at 1 Hz. .

Since a high resolution and precision are less important features in consumer electronic devices, fluxgate sensors

have been replaced by anisotropic magnetoresistance (AMR) sensors due to their complicated fabrication

techniques . Nevertheless, printed circuit board (PCB) technology , glass microfabrication

technology   and other silicon-based microfabrication technologies   have introduced miniaturized

fluxgate sensors, fabricated with simplified techniques.

2. Discussion

Recent developments in various micro-printing techniques allow fluxgate sensors and other microfabricated

devices to obtain additional characteristics such as flexibility, ease of integration and eco-friendliness. Micro-

printing techniques include inkjet printing, aerosol jet printing, screen printing, gravure printing, flexographic printing

and offset printing. A detailed review of these techniques is presented in . Despite their low resolution

compared to clean-room techniques, micro-printing techniques can provide relatively fast and simple production

methods along with the ease of industrialization. These attractive characteristics can be fully exploited in
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applications in the domains of the Internet of Things (IoT), wearables and medical devices. Micro-printed devices

have already been introduced to the market in the form of Radio-frequency identification (RFID) tags, displays,

electrodes, and sensors . These devices are known as printed electro-mechanical systems (PEMS)

.

The fabrication of the sensor presented in this paper is based on the pad-printing technique. The pad-printing

technique is an off-set printing technique, which is widely used in the watchmaking industry for the creation of

watch-faces. The principles of the fabrication process are explained in . The standard printing cycle is

composed of the following steps: the ink cup is filled with ink to produce the motif on the engraved plate. Then, the

pad (silicon rubber stamp) transfers the motif of ink onto the substrate.

For the creation of simple sensors, electrodes and conductive tracks, a specific process has been developed which

meets the standards of technology readiness level (TRL) 4; thus, the creation of these systems is validated in the

laboratory. The biggest advantages of this process compared to other printing techniques are the high printing rate

(>1500 prints/h), the ability to use volatile solvents that allow fast drying of the motif onto the substrate, the

adaptability of this technique to output range from a small number of fabrication up to mass production, the precise

layer-by-layer printing, and the ability to print on non-flat surfaces . All these features made the inclusion of the

soft magnetic core in the process possible—an otherwise non-printed component.

References

1. Ripka, P. Advances in fluxgate sensors. Sens. Actuators A Phys. 2003, 106, 8–14. [Google
Scholar] [CrossRef]

2. Tumanski, S. Handbook of Magnetic Measurements; CRC Press: Boca Raton, FL, USA, 2016;
pp. 179–189. [Google Scholar]

3. Kubik, J.; Pavel, L.; Ripka, P. PCB racetrack fluxgate sensor with improved temperature stability.
Sens. Actuators A Phys. 2006, 130, 184–188. [Google Scholar] [CrossRef]

4. Kejı́ k, P.; Chiesi, L.; Janossy, B.; Popovic, R.S. A new compact 2D planar fluxgate sensor with
amorphous metal core. Sens. Actuators A Phys. 2000, 81, 180–183. [Google Scholar] [CrossRef]

5. Dezuari, O.; Belloy, E.; Gilbert, S.; Gijs, M. Printed circuit board integrated fluxgate sensor. Sens.
Actuators A Phys. 2000, 81, 200–203. [Google Scholar] [CrossRef]

6. Hsieh, P.-H.; Chen, S.-J. Multilayered vectorial fluxgate magnetometer based on PCB technology
and dispensing process. Meas. Sci. Technol. 2019, 30, 125101. [Google Scholar] [CrossRef]

7. Tipek, A.; O’Donnell, T.; Ripka, P.; Kubik, J. Excitation and temperature stability of PCB fluxgate
sensor. IEEE Sens. J. 2005, 5, 1264–1269. [Google Scholar] [CrossRef]

[17][18][19][20][21]

[21]

[14][21][22][23]

[14]



Flexible Fluxgate Sensor | Encyclopedia.pub

https://encyclopedia.pub/entry/666 3/4

8. Navaei, N.; Roshanghias, A.; Lenzhofer, M.; Ortner, M. Analysis of Single- and Double Core
Planar Fluxgate Structures. Proceedings 2018, 2, 831. [Google Scholar] [CrossRef]

9. Liu, Y.; Yang, Z.; Wang, T.; Sun, X.-C.; Lei, C.; Zhou, Y. Improved performance of the micro planar
double-axis fluxgate sensors with different magnetic core materials and structures. Microsyst.
Technol. 2015, 22, 2341–2347. [Google Scholar] [CrossRef]

10. Heimfarth, T.; Mielli, M.Z.; Carreño, M.N.P.; Mulato, M. Miniature Planar Fluxgate Magnetic
Sensors Using a Single Layer of Coils. IEEE Sens. J. 2015, 15, 2365–2369. [Google Scholar]
[CrossRef]

11. Liakopoulos, T.M.; Ahn, C.H. A micro-fluxgate magnetic sensor using micromachined planar
solenoid coils. Sens. Actuators A Phys. 1999, 77, 66–72. [Google Scholar] [CrossRef]

12. Chiesi, L.; Kejik, P.; Janossy, B.; Popovic, R. CMOS planar 2D micro-fluxgate sensor. Sens.
Actuators A Phys. 2000, 82, 174–180. [Google Scholar] [CrossRef]

13. Kawahito, S.; Satoh, H.; Sutoh, M.; Todokoro, Y. High-resolution micro-fluxgate sensing elements
using closely coupled coil structures. Sens. Actuators A Phys. 1996, 54, 612–617. [Google
Scholar] [CrossRef]

14. Krebs, F.C. Fabrication and processing of polymer solar cells: A review of printing and coating
techniques. Sol. Energy Mater. Sol. Cells 2009, 93, 394–412. [Google Scholar] [CrossRef]

15. Huang, Q.; Zhu, Y. Printing Conductive Nanomaterials for Flexible and Stretchable Electronics: A
Review of Materials, Processes, and Applications. Adv. Mater. Technol. 2019, 4, 1800546.
[Google Scholar] [CrossRef]

16. Tan, H.W.; Tran, T.; Chua, C.K. A review of printed passive electronic components through fully
additive manufacturing methods. Virtual Phys. Prototyp. 2016, 11, 271–288. [Google Scholar]
[CrossRef]

17. Khan, S.; Lorenzelli, L.; Dahiya, R. Technologies for Printing Sensors and Electronics Over Large
Flexible Substrates: A Review. IEEE Sens. J. 2014, 15, 3164–3185. [Google Scholar] [CrossRef]

18. Ferrari, M.; Demori, M.; Baù, M.; Ferrari, V. Distance-Independent Contactless Interrogation of
Quartz Resonator Sensor with Printed-on-Crystal Coil. In AISEM Annual Conference on Sensors
and Microsystems; Springer: Cham, Switzerland, 2019; pp. 293–299. [Google Scholar]

19. Jordan, C.D.; Yee, C.; Watkins, R.D.; Scott, G.C.; Martin, A.J.; Zhang, X.; Wilson, M.W.; Hetts,
S.W.; Throne, B.R.H.; Wadhwa, A.; et al. Wireless Resonant Circuits Printed Using Aerosol Jet
Deposition for MRI Catheter Tracking. IEEE Trans. Biomed. Eng. 2020, 67, 876–882. [Google
Scholar] [CrossRef]

20. Harrey, P.; Ramsey, B.; Evans, P.; Harrison, D. Capacitive-type humidity sensors fabricated using
the offset lithographic printing process. Sens. Actuators B Chem. 2002, 87, 226–232. [Google



Flexible Fluxgate Sensor | Encyclopedia.pub

https://encyclopedia.pub/entry/666 4/4

Scholar] [CrossRef]

21. Lee, T.-M.; Hur, S.; Kim, J.-H.; Choi, H.-C. EL device pad-printed on a curved surface. J.
Micromech. Microeng. 2009, 20, 15016. [Google Scholar] [CrossRef]

22. Krebs, F.C. Pad printing as a film forming technique for polymer solar cells. Sol. Energy Mater.
Sol. Cells 2009, 93, 484–490. [Google Scholar] [CrossRef]

23. Mooring, L.; Karousos, N.G.; Livingstone, C.; Davis, J.; Wildgoose, G.; Wilkins, S.J.; Compton,
R.G. Evaluation of a novel pad printing technique for the fabrication of disposable electrode
assemblies. Sens. Actuators B Chem. 2005, 107, 491–496.

Retrieved from https://encyclopedia.pub/entry/history/show/8546


