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Soft Materials : Some General points

* The wold of soft materials : a Schematic view
* Basic properties and application fields

* How does it work ? (Static)

* The different permeabilities

* How does it work ? (Dynamical)

Massive, Stacked laminated sheets, wounded ribbons, compacted composites
The different frequency ranges

*f< 1000 Hz : Classical laminated SiFe, CoFe and futur challenges

*400 Hz < f< 100 kHz : Iron based amorphous ribbons

* 1000 Hz < f < 100 GHz : Soft ferrites

The Vanishing anisotropies alloys

* What does it mean ?

*How do we do ?

* How tayloring the shape of the loop : The induced anisotropies K,

* Transverse K, flat loops and coherent rotation magnetization mechanism
The Very low permeabilities and Energy storage

* The classical way : Soft ferrite + Air Gap

* The Soft Composites

Ribbons, wires and microwires for sensors
* The Giant Magneto-Impedance
* Electronic Article Surveillance ( harmonic systems, Acousto-magnetic labels )

ESM 2007, CLUJ-NAPOCA, ROMANIA



MATERIALS AND APPLICATIONS

K, ¥, ,18)' Unipolar electronic
Metrology = l/anishing anisolropies —) g,
. e Filtering
o = highest permeabilities
I = [aylorded loops Powert Electronic
Special Properties _ —
T Macroscopic : e > 50 um LIAELTHEE
° < et | - e & behaviour
Elasticity I, IS — frequency range
Thermal expansion 5 es + compaction
ked or wounded ribbons
i ) Sensors
Soft - 1
Materials | { [ ow dimensions : Individually
e <20 um — Wires >t K1 Y, ﬂsz
Particles, Wires, Ribbons Ribbons
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[ALS AND APPLICAT] il

Soft Materials
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J L transformers !
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MATERIALS AND APPLICATIONS

Soft Materials : the mirror effect

Magnetic inductorr  Soft yoke : i « H yoke = 0

|

Hout = 0
(shielding )

Airgap : B, By, B,o,- By 2B,

® The ideal soft Material : 1 A& J. 7

® |ron based alloys : u ., ~8000 J ., =22 T
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MATERIALS AND APPLICATIONS

Soft Materials : the different permeabilities i, 1, (g,

apparent <—

intrinsic <=~ fa I'lo ®» 1/u,=H/B+H/B

B = uH :/ui(Ha_Hj) l 1
_ applied <= ~ )

Counter field » 1/u, = 1/u;+ 1/u,

due to eddy a. ] s
currents static <=
dynamic

» u, = inf(y;, :udyn)

\_ /
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MATERIALS AND APPLICATIONS

Soft Materials under dynamical regime :
Transformation of energy, actuation, power Electronics...

/CIassical eddt—currents\ mVIain mechanism : Domain Wallh

conductivity <=\
e<d=(pnomnf)!?

" skin depth
thickness

Pys= 0.1676 B _*e’ n° f*

\ / \ PV = 1,628 Pvclas 20/ C/

»oyN » ¢ ¥ » /N
(material) (Process) (treatments)
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MATERIALS AND APPLICATIONS

Soft Materials under dynamical regime : f < 1000 Hz

»oc N » c ¥ » /N
SiFe alloys Lamination : Laser irradiation,
800 [T 2.2 (1) B ~50-100 um Plasma etchching...
760 | 1 20 Stacked or
[ : wounded magnetic
720 1.8 e
[ ] Clrcuits
680} | 60
I {1 pQQcm
40} 1 40 —
kJ/m3 |
201 L]
—
- [ |
’ =
% Si ; | i - ‘
Laminated ' CVD enrichment A N
after lamination

Pee = 10 pQcm
Presizy = 48 pcm
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MATERIALS AND APPLICATIONS

Soft Materials under dynamical regime : f < 1000 Hz

Challenges for the next years : the in-board machines

é )

Until now :
In the next future :
o - ==> Specific power AA
Electromagn.etzc ’ All Electromagnetic pecificp

Hydraulic

. W,

Electrical generation (alternators) —> New CoFe alloys

2 A ® Mechanical stress /' ===> Tensile Strenght : 500 = 700 GPa
alternators directly set in the jet engine
Operating temperature 2 ==> T:220 2400 °C
CoFe alloys ; new

Transformers dedicated insulation

J7 Acoustic -
roise A ==> Vanishing 4,,,
f A (400 Hz = 900 Hz) “—> 6% SiFe alloys
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MATERIALS AND APPLICATIONS

Soft Materials under dynamical regime : 400 Hz < f < 100 kHz

magnetism <N Glass former

Iron based amorphous ribbons : Fey B,;-Si,-C,
resistivity

Al
¥ >
5~ 10°K /s i
; Cristal
® Planar flow \
. i \Amorphou D
casting 55
t t
800 T T T T T
Thickness e ~20-40 um ol FeuB iy
) p~ 140 /,I.Q cm Medium T 600F ///. é,lmn>\ .
(Presi ~ 48 ue2cm) =) frequency = | bt
—> Jo~1.6 T range ) pamm
300} f =400 Hz |
mm) Operating Temperature : 150 °C R T T R F R i I T

é——-—-
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MATERIALS AND APPLICATIONS

Soft Materials under dynamical regime : f> 100 kHz

Soft Ferrites

Very cheap, p A7 © Jo N (JsMnZn~04T) &

Powder = compaction = sintering =» massive cores

Spinels :
oMnZn~10m ® fmax~1MHz
R F

pNiZn~10°Qm » fmax ~ 100 MHz
Garnets :

pYIG~1090m » fmax~ 100 GHz (microwaves)
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MATERIALS AND APPLICATIONS

Soft Materials : vanishing anisotropies alloys :

highest permeabilities and taylored loops

L; AA : static magnetic shielding, low voltage circuits breakers, filtering...

Inhomogeneities <=

w=Js/(b+K, +K,+3/2 ic)”?

——— magnetoelastic

magnetocristallne = induced
g About inhomogeneities : bubbles A
B 1 y 5 1
® X O, e ® U & —,
H=c¢ 1 \v> ® H
. J
= b NN Vanishing K, Vanishing A
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MATERIALS AND APPLICATIONS

Soft Materials : vanishing anisotropies alloys :

process AA

b AN —>

disordered structure :

Amorphous,
Nanocristalline

solid solution
(NiFe alloys)

Vanishing K, 'E==p

Vanishing 4 E==) composition

evolution of A in Nanophy with

109 2, 20 e - o -
407 M 181 - the cristaline fraction
| S
16-_ SMo
20T, 144 2 \.\
12- wg ¢ N
3 o .
' 7L100 1 Annealing temperatures A
R . 61 m 490 °C Vo,
L Ll 1) 4 ® 510 v 550 .‘\4
- | 2_' A 530 @ 570 v %'t
40 50 60 70 80 Ni% 0 te T
evolution of A,,, and A,,, for 2
NiFe alloys 014 02 03 04 05 06 07 08

i
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- 20
Ky —
(slowly cooled)

- 30 |

Ni %
— 40 I 1 L L 3 ¢
45 50 B5 80 65 70 75 80 85

evolution of K, , Ku for NiFe alloys

... The winners :

Co based Amorphous

Fe basea-Amoiphous.

Nanocristalline (Finemet,
Nanoperm, Hitperm...)

Nig, Fe,.; Mo, Permalloy



MATERIALS AND APPLICATIONS

Soft Materials
vanishing anisotropies alloys :
taylored loops and induced K,

effect of a stress
applied  during
the cristallisation

B (T) 1

0.5

flash annealing H.(A/m)
on a soft 0 3000
nanocristalline
alloy c =0, 10, 40,
3 120, 270 MPa
K, > 200 J/m
Heat t'reat/.n'ent 4 Vanishing 4, K, 4 mechan/cgl s_tress —  induced K
= diffusivity = /sotropy magnetic field —— u
K, <200 J/m® .o o, :
different shapes * H, Long. at
(rectangular, flat, °°] * Hanul H vl 4T+
round) obtained | TTANSV. 1
on Nanophy 0.0 § 1
Rectangular loops : applying a | Hap
. o magnetic  field -0.54 §c;3
magnetic amplifiers, fluxgate sensors... during annealing S==
-1.0- H/H,

Flatloops : u = J&?/(2 1,K,)
ground fault circuits breakers,
Unipolar electronics (pulse transformers...)

ESM 2007, CLUJ-NAPOCA, ROMANIA

-1.0

-0.5

0.0



Soft Materials
Flat loops

K, ® Vanishing K,, 4, alloys :

MATERIALS AND APPLICATIONS

Energy storage

. E=%L12=

Permalloys, Co based amorphous, T

soft nanocristalline

2000 <y <200000; 500<yu <2000

Field annealing Stress annealing

(- DI )

T\ Coherent

o/ Js .

ezgi \ N rotation
\ ﬁ) — \ mechanism

1 2 1
CR: win = g\/;%Tf @

= Dynamical
properties AA

if f---- Yo ulAt?/ L
/ L= Ho Hra

|-
>

0 At EZA»u N

10 <p < 500 ~age=®

Classical : soft Ferrite + Airgap

]
160 f )

B A B
Mo Mr H Ho Mra Hy
| > >
W, = 10000 Hra AN
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Soft Matel’ials MATERIALS AND APPLICATIONS

Soft Magnetic Composite materials : 10 < u, < 500

High induction Ni Fe Co alloys suitable
for high frequency range

Energy storage : (10 kHz < f < 100 MHz)

i

homogeneous  Distributed air gap ﬁ Enclosed eddy-currents

U

14 ) u@

= Damaging No Damaging
leakage flux at high f  leakage flux

(f <1000 Hz :

Moulding possibility
=23D geometries

u, = 800
Mechanical
\strengh ¥y &

Insulation

Iron bnwdar
particle

" iron powder -
particle




SOft Ma teriaIS MATERIALS AND APPLICATIONS

Soft Magfretlc "l (1) o vonder | | 1B (T)
Composites: ==
Manufacturing / 7 200z
—DC
process / . 7 v / = A
/ / —0cC / Fe powder

Final Properties 7
Part —]

Manufacturing

/SMC Powder pr Process m
4 Par‘ncle\)\ Mix P
e/ T_“k\  Lbricant™, I Treatnent
f;up|;;y\ / | \S / Binder s
/] /COG*'“Q ) Compaction
/ SlZG \\\ 1 -
\Dls’rmbu’non/‘ / Micro- \
\’rruc’rure/
ESM 2007,

= 200Hz

No lubricant : isolating
layer destroyed

1024
512
256
128

64
32

urm

(mechanical
alloying) \{

-0,8

mean field theory

Cluj (k,

= 1000)

N

r
v

lubricant : isolating layer
preserved
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MATERIALS AND APPLICATIONS

Soft Materials : Ribbons, Wires and Microwires for sensors

rotating copper
wheel

as quenchd ribbon
Ll BT T

melt spinning Process Amorphous wire 20-
~1mm 100 um (Unitika) Microwire CoFeNi(SiB) glass coated
Rotating wheel : Water Cooled Microwires :
Amorphous (Fe or Co based), Nanocristalline Amorphous (Fe or Co based)

Classical Wire drawing :
Cristalline NiFe mumetal
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Soft Materials : MATERIALS AND APPLICATIONS

Ribbons, Wires and Microwires for Giant Magneto-Impedance

( Principle : \

Complex Domain Structure depending on A
- -
B = H/p.=> circular u Inhomogeneous
ﬂ stress
\\\ M.I. Inhomogeneous
ﬂ cooling rate

/ NN 17 Domains in a microwire:

\ E=pj + E') Quenching process As>0(a), A, <0 (b)

75
( > I__I) / \ I As-prepared
. f A" 60 - I =45mA
45
@ 2=to~ue || e
— = 30 - Al 45 MHz
— I / —— 10 MHz
Hy =0 P 5L Ll
DW DW + rotation o bRt "'\§ S T
Z=R~8~pc"" AZIZ (%) = f(H,) microwire
- : °)— "o/
\|:> He ~ f(Ha) = Al sensor) COpgg 25784 55112 25815
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Soft Materials :

Ribbons, Wires and Microwires for Electronic Article Surveillance

MATERIALS AND APPLICATIONS

Basic R.F. labels

transmitter

( Principle :

receiver

-4

JERVAVAVAVAVAVAY, g

\ label

~

Rewritable labels

!

Harmonic labels

Magneto Acoustic
labels
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SOft Materials » MATERIALS AND APPLICATIONS

Ribbons, Wires and Microwires for Electronic Article Surveillance

Harmonic labels

0.8

0.6+

0.4+

0.2+

B/J

flat loop
rectangular loop

1.00

flat loop
rectangular loop t

1.0
0.8—-
0.6—.
0.4—-
0.2—.

0.0

Harmonic response content = shape dependent

flat loop
rectangular loop

fIf,

Semi Hard FeCo :
/:> 160 A/m < Hec < 800 A/m

h

h

h

h

Co based amorphous ribbon rectangular loop Hec < 1 A/m

J=0

’I 1T mm

/

30 um

40 mm

A

[
»
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Soft Materials :
EAS:

MATERIALS AND APPLICATIONS

0

E=citation

-LK‘—I> [ eactivate

—7 ~ 40 mm—*

labels
@5&!?1; hard  Soft, 1. Jé

&QW:

Active
Label

W——

d Yk

H” t
=3 me

|

f.(Hp)
AE
effect. _, A\,
E=fi.Hy)  «(H)

A {mV) :’""

f {kHz)

{20
= |
) * 0

1

E = Young
ﬂi@ﬁﬂlﬁ!ﬂlﬁ Mechanical Mechanical _»f = Modulous
::} vibrations = resonance = .
Abﬂﬂf f U:,], ,ﬂ 0.04 4 -
damping @ /= ,h P fr s sty
Out of plane 1 _ 00z |
field annealing ® Ramoing M
® Refinement » (A 1) A7
1B 500 o
\ + =




THE END
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