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Magnetic wires:

-Iron whiskers
-Wiegan magnetic wires
(CoVFe,1970-th)

Amorphous: milli
(since 80-th) micro
nano

In-rotating water wires
(can be drawn to 20-30 ym) — rough surface

Melt extracted (40-50 pm)- not perfectly cylindrical cross section

Glass coated (0.1-50 ym)- glass coating (stresses) ‘



Glass coated microwires

Co, Ni , Fe and Cu rich compositions
dmetal

—
metal \)

Dtotal
A
Glass coating /
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Advantages:
1. Unexpensive and simple fabrication method
2. Excellent soft magnetic properites and GMI effect
3. Magnetic bistability and Fast DW propagation
4. Also recently Heusler-type and granular microwires
5.Biocompatibility (glass-coating)

Water jet A
Receiving bobbins




Engineering of magnetic properties of magnetic microwires

Wire based sensors First step

Non-reversibl

atio, p
Tuneable f thermal treatment (crystallization)

Parameters _ _
Second step: fine tuning

= Local heating

» Mechanical stress

= Axial-circular crossed magnetic field
=Conditions of thermal treatment (crystallization)

APPLICATIONS

Magnetic microelectronics
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S S. P. Parkin, et al. Science 320, 190 (2008)
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gnetoelastic energy
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Measurements technique

1. Hysteresis loops

oscilloscope
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Magnetic properties of magnetic microwires
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Effect of internal stresses on properties of as-prepared microwires
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Effect of internal stresses relaxation on properties of Fe-based microwires

| / AS=35%10 °
j Hysteresis loops of as-prepared (a), and annealed at
" Tann =400 °C for 180 min (b) Fe,:B4SI;,C4 microwires

o and dependence of coercivity on annealing time (c).
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Effect of annealing on properties of Fe-Ni based microwires
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Effect of annealing on properties of Fe-Co based microwires
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Origin of annealling induced changes in Co-rich microwires
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M/Mg

Origin of annealling induced changes in Co microwires
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Effect of internal stresses on properties of as-prepared microwires

Hysteresis loops of as-prepared (a), and
1(a) subjected to chemical etching for 50 min (b)
| COgg 5514 5B 5 Y5 MICrOWIres.

/ .
1 As=-5x10

4000 0 4000

-800 -400 0 | 4(|)0 | 800
H(A/m)

15



MM,

Magnetic hardening in microwires

1 1,04
04 .
0,0

As-prepared

Hysteresis loops of annealed at 500 ° C for 1 h

Fe.,Pt,,Si;; microwires measured at different
temperatures. Hysteresis loops of as-prepared are
provided in the inset.

16



Tallorinc
H,=25A/m

_ Magnetic softening in microwires
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Origin of induced anisotropy

. L N
Possilbe origin: @) metal —— g w
-Stress induced anisotropy / Glasscoating /
(stress from glass coating)?  origin: Pair ordering usually considered

. TM1 (CO) Possible origin 3: |
The topological short range ordering
‘ TM2 (Fe) (also known as structural anisotropy)
can play an important role. This
Hor/and o involves the angular distribution of the

atomic bonds and small anisotropic
structural rearrangements at

m ” “ temperature near the glass transition

_ _ , ” temperature
Pair reorientation under field and/or
stress annealing (after Neel)

[1] F. E. Luborsky and J. L. Walter, “Magnetic Anneal Anisotropy in Amorphous Alloys”, IEEE

Trans.Magn. Vol.13 (2), pp.953-956, 1977.
[2] J. Haimovich, T. Jagielinski, and T. Egami, “Magnetic and structural effects of anelastic deformation

of an amorphous alloy”. J. Appl. Phvs. Vol. 57, pp. 3581-3583, 1985.
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APPLICATIONS:

Magnetic codification based on magnetic bistability
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Digital
Codes

Hc3
Hc2
Hcl

t1 12 tB\
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Conclusions

By appropriate selection of chemical composition and post-processing conditions we can
considerably tune magnetic properties of microwires
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