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Possible MRAM and logic
applications

Stuart S. P. Parkin, et al. Science
320, 190 (2008);
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Fabrication of Glass coated m1crow1res
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Application In Smart phone using MI sensor with microw
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Internal stresses in composite microwires

6,=0,=P=eEkA/(k/3+1)A+4/3 (1);
c, = P(k+)A+2/(kA+1)=35, (2)

where Gy> O, and o - stresses, E_,
E,~ Young modulus A=(1-p®)/p*, k
=Eg/Em, € :(ocm—ocg)(Tm—Tmom)? oy,
a,, — thermal expansion coefficients
and T _,T__ — melting temperatures

c (MPa)

room

Stress appears at simultaneous
solidification of metallic alloy
inside the glass coating

t (pm)
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ax10* ; .
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H. Chiriac, T.-A. Ovari, A. Zhukov, J. Magn. Magn. Mater. 254-255 (2003) 469471
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MAGNETIZATION PROCESSES IN Fe-RICH THIN MAGNETIC WIRES.
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Thin Dimensions:
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5 um diameter =
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Schematic presentation of the re-
magnetization process
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Magnetic properties suitable for

technologic applications:
-Enhanced magnetic softness
and GMI

-Thin Dimensions

-Magnetic bistability (4 >0)
and DW propagation
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microwireT - Pl T P2 T - P3 Lexcy , RO

Differences:

1- single layered wounding of magnetizing

solenoid with reduced number of turns for

reduction of time of transient process to

avoid the situation when the DW can start

propagating while H 1s still growing

2- Use three pick-up coils set to detect M. Ipatov,V. Zhukova, A. K.

possible multible DW nucleation Zvezdin and A. Zhukov,
J. Appl. Phys. ,106, 103902, 2009
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o, -determines by the ratio p=d/D

Sources:

1. H. Chiriac, T. A. Ovari, and Gh. Pop,
1995 Phys. Rev. B, 52 10104.

2.]J. Velazquez, M. Vazquez and A. Zhukov,
J. Mater. Res. V.11 Nol0 (1996) 2499-2505

JapaN. J. APPL. PHYS. VoL. 15 (1976), No. 4

Magnetostriction
of Fe-Co Amorphous Alloys
Hiroyasu FumnMori, Ken Ichi Araif,

Hisanori SHIRAE, Hideo SarTo,
Source: Tsuyoshi MasumoTo and Noboru Tsuyat
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Hysteresis loops of Fe-rich microwires with
different metallic nucleus diameter d and
total diameters D:

Fe B,S1,,C; microwires with p = 0.63,
d=15 um (a); p=0.48 d=10,8 um (b); p
=0.26, d=6 um (c); p =0.16, d=3 um (d)
and of Fe., ,.Co, ,.B,S1,, microwire with
p=0.14,d= 1.4 ym D= 10 pm (f).
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v=S(H-H,) 1600
where S is the DW mobility, H is the axial

magnetic field and H; is the critical propagation field. 1400+ ’ ® 5=0.39
1200 -
v(H) dependences for Fe ,Co,,S1,;B,; & 1000
and Co,, -Fey ,S1,,,B,, ¢ microwires with &
_ . ' ' ' > 8004
p=0,39: y _
effect of magnetostriction }\,SZ 20x10 600 = 18um/38um (p=0.46)
| e 13.6um/34 um (p=0.39)
2000 [ A 13.6um/24 um (p=0.55)
0=0.39 400+
| 0 200 400 600 800 1000 1200
Fe16COGOSI13B11
15001 H (A/m)
v(H) dependences for
/(.D\ 5
€ 1000, o e s B Coyy 7Fe3645110.1By 1 5
= Ou17 Csea 101 108 microwires with different ratios p:
Effect of internal stresses
500 - \\\\\\\

0 | 400 800 | 1200 A~ 40x10°
S



= OMPa 7
16009 g0 5mPa S0
1 & 161MPa -
14004 ¢ 241.5MPa Y 4
1 * 322MPa L0 A
1200 © 402.5MPa a" Z
— | <4 483MPa
v 10004 * 563.5MPa
E |
> 800+ B e L
] ‘Qfﬂé;g,
400 2%
200 300 400 500
H, (A/m)
v(H) dependences for
Coyy 7F€3645101By 5 5

microwires (d= 13,6um, D= 24,6 um,
p~= 0,55 ) measured under application
of applied stresses, o,.

}LSZ 20x10°

16004 o 0oMPa
e 112,5MPa
A 168,75 MPa
1400 1 v 225 MPa
o 281,25 MPa
12004 * 337,5MPa
@
é 1000
>
800 -
600

600 800 1000 1200 1400 1600
H (A/m)

v(H) dependences for Fe,Co,S1,,B;

microwires (d= 12um, D= 29um, p= 0,41 )

measured under application of applied

Stresses, G,

A~ 40x10°



v=S(H-H,), where S is the DW mobility, H is the axial
S magnetic field and H is the critical propagation field.

0 MPa

119 MPa
220 MPa
440 MPa
660 MPa
880 MPa

The domain wall mobility,
S, 1s given by:
S=2pu,MJIp

This damping is related to
the Gilbert damping
parameter, o and 1s
inversely proportional to

the domain wall width o,
120 f.=aM,y5, M (K _[IA)Y?

+ O @ X O nm

H (A/m)
v(H) dependences for Co. Fe N1, ,S1,,B, microwires

measured under application of applied stresses, o, .

Magnetoelastic energy, K
K .~3/2\0,

1S given by V(H) 1s affected by K|

me’



Nucleation field

Defects 1n microwires
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M. Ipatov,N. Usov, A. Zhukov et al.. “Local
nucleation fields of Fe-rich microwires and
their dependence on applied stresses” Phys.
B. 403, 379-381, 2008.
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On non-linearity of v(H) dependence

v=§(H-H,) where S is the DW mobility, H is the axial magnetic field and H,is the critical
propagation field.
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Typical v(H) dependences measured

in different samples of magnetically

bistable amorphous Fe,,B,;Si1,,C,

microwires exhibiting (a) uniform

and (b) accelerated DW propagation.
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Typical distributions of the local
nucleation fields measured in the
same Fe-,B,;51,,C, microwires for (a)
uniform and (b) accelerated domain
wall propagation. 1, 2 and 3 are the

position of the pick-up coils.
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domain wall propagation, 1, 2, 3
are the positions of the pick-up
coils
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Conclusions
DW propagation in pwires 1s quite fast (few km/s).

We observed correlation of DW dynamics with magnetoelastic
energy.

Quite fast DW propagation (v till 2500 m/s at H about 30 A/m) has
been observed 1n low magnetostrictive CosFegNi S1,,B,
MICTOWITES.

Applied and internal stresses result in decreasing of DW velocity. We
assume that in order to achieve higher DW propagation velocity at
the same magnetic field and enhanced DW mobility special attention
should be paid to decreasing of magnetoelastic energy.

At elevated magnetic field the role of defect 1s quite impotant:a new
domain can be spontaneously nucleated in front of the propagating
head-to-head domain wall.
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