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Abstract

This work is dedicated to studies of non-conventional magnetic materials, comparing
their performance with traditional materials in various magnetic sensor types, in
fluxgate and GMI particularly. The challenge lies in tailoring magnetic materials
with specific properties for sensor applications, a task as complex as the sensor
hardware design itself.

The category of traditional materials includes such widely used and well-known
materials like permalloy and the trend of last decades — Co-based amorphous alloys.
The non-conventional materials that | studied are the following: 1) FINEMET mi-
crowires annealed under di Lerknt conditions with flash-current; 2) Nickel-Iron alloys
electrodeposited into silicon and alumina pores resulting in nano- and micro- wires;
3) inkjet printed core of the sensor using ink containing magnetic Mn-Zn ferrite
nanoparticles.

The second goal of the study was to use these materials in various types of
fluxgate sensors and a GMI sensor. The fluxgate sensor was chosen for its simpli-
city of working principles that allow us to characterise materials and test di [erent
theories in a short time. The performance of the GMI sensor is also sensitive to the
change in the core microstructure. Our findings indicate significant enhancements in
sensor performance using non-conventional materials. Specifically, a fluxgate sensor
with a nanocrystalline core demonstrated reduced noise and maintained sensitivity
compared to its amorphous core counterparts.

GMI sensors using non-conventional material showed interesting results such as
the possibility of using this sensor as a multi-modal sensor — to measure the magnetic
field and tensile stress simultaneously. Also, experiments with GMI with annealed
FINEMET wire as a core showed how processing the same material in di Lerent ways
can let us get sensors operating in di Lerent magnetic field ranges.

Other experiments on miniaturisation of the fluxgate sensor showed the
prospective in nanowires grown in nanomembranes as a core in a fluxgate sensor
and printing a magnetic core on a flexible polymer using an inkjet printer and ink
containing ferrimagnetic nanoparticles. However, further research is necessary to
reveal the true potential of this idea.

Overall, these promising results not only validate the potential of non-
conventional materials in magnetic sensor applications but also open avenues for
the development of multifunctional sensors and miniaturisation techniques.

Keywords: Magnetic materials, nanocrystalline cores, amorphous cores,
fluxgate sensors, GMI sensors, nanoparticles, nanowires, microwires.



Tato prace je vénovana studiu netradicnich magnetickych materialli a
ckych senzorl, zejména ve fluxgate a GMI senzorech. Vyzvou je pFizptisobeni
magnetickych materialti s konkrétnimi vlastnostmi pro aplikace senzort, coZ je kol
stejné sloZity jako navrh hardwaru senzoru samotného.

Do kategorie tradicnich materiall patfi Siroce pouZivané a dobfe znamé
materialy, jako je permalloy a trend poslednich desetileti — amorfni slitiny na bazi
kobaltu. Netradicni materialy, které jsem studoval, zahrnuji: 1) FINEMET mi-
krodraty Zihané za rtiznych podminek bleskovym proudem; 2) slitiny niklu a Zeleza
elektrolyticky usazované do port kfemiku a hliniku, coZ vede k nano- a mikrodrattim;
3) inkoustovy tisk jadra senzoru pomoci inkoustu obsahujiciho magnetické Mn-Zn
feritové nanopartikle.

Druhym cilem studie bylo pouZiti téchto materialG v rtznych typech fluxgate
senzorli a senzoru GMI. Fluxgate senzor byl vybran pro jednoduchost jeho
pracovnich principti, které nam umoZiuji charakterizovat materialy a testovat
rtizné teorie v kratkém Case. Vykon senzoru GMI je také citlivy na zmény v mi-
krostruktufe jadra. NaSe zjisténi ukazuji vyznamna zlepSeni ve vykonu senzorti
pFi pouZiti netradicnich materialti. Konkrétng fluxgate senzor s nanokrystalickym
jadrem prokazal sniZzeni Sumu a zachovani citlivosti ve srovnani s jeho prot&jsky s
amorfnim jadrem.

GMI senzory s netradinim materialem ukazaly zajimavé vysledky, jako je
moznost pouZiti tohoto senzoru jako multimodalniho senzoru — pro méreni magneti-
ckého pole a zaroven tahového napgti. Experimenty s GMI s Zihanym dratem
FINEMET jako jadrem také ukazaly, jak zpracovani stejného materialu rtznymi
zplsoby nam umoZni Ziskat senzory pracujici v rtiznych rozsazich magnetickych
poli.

DalSi experimenty na miniaturizaci fluxgate senzoru ukazaly perspektivu v
nanodratech rostoucich v nanomembranach jako jadru fluxgate senzoru a tisku
magnetického jadra na flexibilni polymer pomoci inkoustové tiskarny a inkoustu
obsahujiciho ferimagnetické nanopartikle. AvSak dalsi vyzkum je nezbytny, aby
odhalil skutecny potencial této myslenky.

Celkovg tyto slibné vysledky nejen potvrzuji potencial netradicnich materialt v
aplikacich magnetickych senzort, ale také oteviraji cesty pro vyvoj multifunkZnich
senzorl a technik miniaturizace.

KliCova slova: Magnetické materialy, nanokrystalickd jadra, amorfni jadra,
fluxgate senzory, GMI senzory, nanopartikle, nanodraty, mikrodraty.
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