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@ Physical Context
e 1d Model for ferromagnetic nanowires

e Walls in constant-section wire

o Wall configurations for infinite nanowire with one notch

0 Wire with several notches

e Applied Magnetic Field and Electric Current Effects
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Motivation : Data storage in ferromagnetic nanowires

(©

G. Hrkac, J. Dean and D. A. Allwood, Nanowire spintronics for storage class
‘memories and logic, Phil. Trans. R. Soc. A (2011) 369

Horizontal racetrack

S. Parkin, M. Hayashi, L. Thomas, Magnetic Domain-Wall
Racetrack Memory, Science 320 (2008)
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Ferromagnetic materials

Properties

@ Spontaneous magnetization

@ Magnetic field generated by the
magnetization

@ Formation of domains and domain walls

Industrial Applications

@ Electromagnets

@ Transformers

@ Radar absorbing paints

@ Mobile phones

@ Modern Recording Devices

o » zl
oduction to the Theory of Ferromagnetism,
Oxford University Press, 1996
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Data storage in ferromagnetic nanowires

Stuart S. P. Parkin, Masamitsu
Hayashi, Luc Thomas, Magnetic

Domain-Wall Racetrack Memory,
Science 320 (2008)

@ 3d devices for the storage of numerical
data

R
’W — @ Fast access

S. Parkin, M. Hayashi, L. Thomas, Magnetic Domain-Wall
Racetrack Memory, Science 320 (2008)

@ Bits encoded by the direction of the )
magnetization <

@ Stabilization of walls positions by

G. Hrkac, J. Dean and D. A. Allwood, Nanowire spintronics for
notches storage class memories and logic, Phil. Trans. R. Soc. A (2011)
0 1 1 0 0 0 1 1 1 0 0 1 1
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Data Storage in Ferromagnetic nanowires : key points

For data storage :
@ DW seems to be pinned in the notches (reliability of the storage)
@ DW depinning by magnetic field : data recording
@ DW depinning by application of an electric current : data reading
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Data Storage in Ferromagnetic nanowires : key points

For data storage :
@ DW seems to be pinned in the notches (reliability of the storage)
@ DW depinning by magnetic field : data recording
@ DW depinning by application of an electric current : data reading

Obtention and justification of equivalent simpler 1d-models for nanowires
Description of walls configurations and walls dynamics

Effects of notches on walls stability

DW depinning
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o Physical Context
° 1d Model for ferromagnetic nanowires

@ Walls in constant-section wire

o Wall configurations for infinite nanowire with one notch

e Wire with several notches

e Applied Magnetic Field and Electric Current Effects
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3d model

Magnetic Moment

@ Magnetic domain : Q ¢ R3
@ Magnetization described by the magnetic moment m : R,+ x Qx — R3

[m(t, x)| =1p.p.

@ Constitutive Relation : B= H + m

Landau-Lifschitz Equation

om

a:fmx’}-tfmx(mx?{)

H = —0mE(mM) = AAm + hg(m) + ¢(m) + Ha

em=5 [19me+ 5 [ ba(mi?+ [ wim)~ [ m-Ha
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3d model

Magnetic Moment

@ Magnetic domain : Q ¢ R3
@ Magnetization described by the magnetic moment m : R,+ x Qx — R3

[m(t, x)| =1p.p.

@ Constitutive Relation : B= H + m

Landau-Lifschitz Equation

om
ot

=-—-mxH—mx(mxH)
H = —0mE(mM) = AAm + hy(m) + ¢(m) + Ha

o) 2,1 2 _
em=5 [vmE+g [ n(mpE+ [ v [ m-
curl hy(m) =0, div (hgy(m)+ m) =0
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3d model

Magnetic Moment

@ Magnetic domain : Q ¢ R3
@ Magnetization described by the magnetic moment m : Ry x Qx — RS

Im(t,x)| =1 p.p.

@ Constitutive Relation : B= H + m

Landau-Lifschitz Equation

om

E:—mx?—t—mx(mx?—l)

H = —0mE(m) = AAm + hg(m) + »(m) + Ha

em =2 [1vme+ 3 [ iha(mpP+ [ wm~ [ m-

Uniaxial Anisotropy : W(m) = f%(m -€)2 and p(m) = —9mV = (m- €)¢
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3d model

Magnetic Moment

@ Magnetic domain : Q ¢ R3
@ Magnetization described by the magnetic moment m : Ry x Qx — RS

Im(t,x)| =1 p.p.

@ Constitutive Relation : B= H + m

Landau-Lifschitz Equation

om
ot

=-—-mxH—mx(mxH)
H = —0mE(m) = AAm + hg(m) + (m) + Ha

em =2 [1vme+ 3 [ iha(mp+ [ wm~ [ m

Applied magnetic field : Hz
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3d model

Magnetic Moment

@ Magnetic domain : Q C R3
@ Magnetization described by the magnetic moment m : R} x Qx — R3

[m(t, x)| =1p.p.

@ Constitutive Relation : B= H + m

Landau-Lifschitz-Gilberg Equation

H = —OmE(mM) = AAm + hg(m) + ¢(m) + Ha

em =2 [1vm+ 3 [ iha(miE+ [ wim) [ m-
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1d model of wire with non constant cross section

Radius of the cross section :

@ p:l— R*F, C,
° 0<Pmin§p(x1)§1
0 s(x1) = 7(p(x))?

Q”I = {(X1,X2,X3)7 x; el
(x2)? + (x3)* < nP(p(x1))?}
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1d model of wire with non constant cross section

Radius of the cross section : p

@ p:l— R*F, C,
@ 0 < pmin < p(x1) <1

0 s(x1) = 7(p(x))?

Q”I = {(X1,X2,X3)7 x; el
(x2)? + (x3)* < nP(p(x1))?}

Weak Formulation :

3
[0,7T]x%, \ Ot ot [0, TIx 2y ox; 0x;

-2 m x Hg(m) - W.
[0,7T]xQy

e rescaling : fix domaine Q1 = {(xy, %2, %3), x €I, (%)% + (%)% < (p(x1))?}
@ 1 — 0in the weak formulation with W(¢, x1, X2, X3) = ©(t, X1)
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1d model of wire with non constant cross section

Radius of the cross section : p

@ p:l— R*F, C,
0 0 < pmin < p(xq) <1
° s(x1) = 7m(p(x1))?

Q’H = {(X17X27X3)7 X1 € |7
() + (x3)2 < nP(p(x1))?}

m: ]Rt+ x Iy — &2, mis constant in the cross-section
/ s(x)(a—m—mxa—m>go:2/ s(x)man—m~8ﬁ
[0,T]xI ot ot [0,T]xI ox Ox
1
-2 s(x)m x - (moex + mae3) - .
[0.T]x 9y, 2
om
S(X)E = —m X Hegr — m x (M X Hgg)
s(x)

Hefr = Adx(s(x)0xm) — (my& + m3és)

2
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1d model of wire with non constant cross section

Radius of the cross section : p

@ p:l— R*F, Co°,
0 0 < pmin < p(x1) <1
Q, = 1(x1, X2, X3), X1 €1,

ne 002 x), o (1) = 7{p(x))?

(x2)? + (x3)? < n?(p(x1))?}

Model of pinched wire

om

ot
s’ 1 o o

Hefr = Adxxm + Agdxm - E(m292 + m3é€3)

1d Ferromagnetism Energy

m =5 [selomPax+ 3 [sCo(mel? + mel?)ox

= —m X Hefr — M X (M X Herr)

hed i i 9/38
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o Physical Context
Q 1d Model for ferromagnetic nanowires

° Walls in constant-section wire

o Wall configurations for infinite nanowire with one notch

e Wire with several notches

e Applied Magnetic Field and Electric Current Effects
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Exact Static Solutions

Static Solutions : Walls

Model of Nanowire sin6(x)
m:Rf x Iy — 82, I=Rorl=[-L,L] ® M(x) = Ryx)| cosf(x)
0
om
— = —m X Hgy — m x (m x H, 1 0 0
ot o ( 2 R =<0 cose —sing
Heft = Myx — (M2 + m3&3) 0 sing cose
mx(—L) = mx(L) = 0 @ BC:6 — +£7/2 when x — +o0
0'(—-L)=6'(L)y=0

Gilles Carbou, UPPA (UPPA, LMA) Walls in hed i i 11/38




Exact Static Solutions

Static Solutions : Walls

Model of Nanowire

sin 6(x)
m:Rf x k= S%, I=Rorl=[-L,1] @ M(x) = R (x| cosd(x)
0
8—m:—m><Heff—m><(m><Heff) 1 0 0
ot R,=| 0 cosy —sing
Heft = Myx — (M2 + m3&3) 0 sing cose
mx(—L) = mx(L) = 0 @ BC:0 — +n/2when x — £oo
0'(—L) = 0'(L) = 0

@ ¢ is constant
@ 0" +cosfsing =0
@ 0 — +m/2when x — +ooor§'(—L)=6¢'(L)=0

e

=

hed i i 11/38
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Stability in Infinite Nanowire

Model of Nanowire

Static Solution

m: Ry x Ry — S,

om tanh x
1

—— =m X Hgt — m x (m>< Heff) MO(X): coshx
0

ot

Heft = My — (Mp82 + M3 &3)
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Stability in Infinite Nanowire

Model of Nanowire

Static Solution

m: Ry x Ry — S,

9 tanh x

m 1

E =m X Hgt — m x (M X Hgf) MO(X) =\ coshx
0

Heft = My — (Mp82 + M3 &3)

G. Carbou, S. Labbé, Stability for Static wall in a ferromagnetic Nanowire,

Discrete Contin. Dyn. Syst. Ser. B 6 (2006)
Stability of the constant profiles but not asymptotic stability

m(t, x) = Rpoo Mo(X — 0c) When t — oo

G. Carbou, S. Labbé, E. Trélat, Control of travelling walls in a ferromagnetic

nanowire, Discrete Contin. Dyn. Syst. Ser. S 1 (2008), no. 1, 51-59
Controlability of the wall position by the mean of the applied field
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Stability in finite Nanowire

Static Solution
Model of Nanowire sin 0(x) 0" 4+ cosfsing = 0,
Mo(x) = ,

cos 6(x
m:]R;r><[fL,L]X—>S2 0( )

0'(~L)=0'(L) =0

%:mXHeff_mX(mXHeff)

= _ L
Hetr = Mux — (M2€2 + m3é3) \//\X/
m(—L) = m/(L) =0 -
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Stability in finite Nanowire

Static Solution

Model of Nanowire sin 0(x) 0" 4+ cosfsing = 0,
m:RE x [-L,Lx — 1 _<Cosg(x)>’ 0'(~L) = 0'(L) = 0
%:mXHeff_mX(mXHeff)

Her = Myx — (m2€ + m3 &) %\%

m'(~L) = m'(L) =0 N

G. Carbou, S. Labbé, Stabilization of walls for nano-wires of finite lenght,

ESAIM Control Optim. Calc. Var. 18 (2012)

@ One wall in a finite wire : centered in the middle of the wire
@ This solution is unstable
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Stability in wires without notches

The position of walls is unstable or non asymptotically stable

=
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Stability in wires without notches

The position of walls is unstable or non asymptotically stable
==

The data storage is not reliable
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Stability in wires without notches

The position of walls is unstable or non asymptotically stable
=
The data storage is not reliable

Stabilization by Notches
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Plan

0 Wall configurations for infinite nanowire with one notch
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Model of infinite wire with one notch

Radius of the section : p
p:R — Rt C®,

p = 1outside [—a, a],
p(=x) = p(x),

p non decreasing on [0, a]
s(x) = m(p(x))?

G )

QW = {(X7y72)7 X € Rv y2 +22 < 772(p(x))2}

Model of infinite wire with notch

m:Rf x Ry — S?
om
ot
s’ | 1 o ~
Heff E Aaxxm AP A;dxm = E(mgez + m3e3)

E(m) =5 [s00iosmPax+ 3 [s((Imaf? + maf?)o

= —m X Heyr — M X (M X Hefr)

Gilles Carbou, UPPA (UPPA, LMA) Walls in hed i i 16/38




One-wall profiles

Model of infinite wire with notch

m:Rf x Ry — S,

om

EZ—mXHeff—mX(mXHeff)

s’ i -
Heft = Oxxm + gaxm — (M28z + m3é€3)

Theorem (with D. Sanchez)

@ Existence of a profile for one wall
@ Asymptotically stable for the position
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Existence of profiles

sinA(x)
@ M(x) = Ry(x| coso(x) @ ¢ is constant
0 _ s _ _
i 1 0 0 09’/+§0X9+cos(93|n9:0
=[0 cose —sing /
© _ N/ s’ _
0 sing cose ° ((9’)2 — cos? 9) = —2;(9’)2
@ § — +n/2when x — oo

20 E 20
15
15
10 .
10
os
I I Lo s
05
o !
os
15
10
20 >
) 7 7 7 7
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Existence of profiles

sin 0(x)
o M(x) = H¢(X)<cos 67(x)>
0

1 0 0
R,=| 0 cosy —sing
0 sinp cose

@ § — +n/2when x — oo

[

20
15

10

05

05 /l
1o '
15

20 >
: 2 I

@ ¢ is constant
_ s _ .
e 0+ ;t)xe +cosfsingd =0

° ((9_’)2 — cos? 9_)/ = 728;/(9_’)2

Shooting method to reach the separatrix after the notch
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Stability

Infinite Nanowire with one notch Wall Profile

m:Rf xRy — 2 sin 4(x)
am Mo(x) = | cosd(x)
aitzmeHeffme(mXHeff) 0

!

= S 5 -
S = - v S o .
Hett = Myx + My — M8z — M3 0" + 0 +cosfsing =0

m — +e; when x — oo BC: 0 — +m/2 when x — o0

V.

Stability of M,, asymptotic stability for the position of the wall ?

It |m(t = 0) — Moll 1 () is small, then
o for all time, ||m(t) — Mol| 41 () remains small,

@ m(t) tends to Ry__ (Mp) when t tends to +oo.
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Mobile frame

Geometrical constraint |m| = 1

We describe the perturbations in the mobile frame

m(t,x)=1/1—|r(t, x)|2Mo(x) + r1 (t, )My (x) + ra2(t, X)Mo

sin 6(x) —cos A(x) 0
Mo(x) = (cosé(x)) M (x) = ( sin 0(x) ) M, = < 0 >
0 0 1
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Mobile frame

Geometrical constraint |[m| = 1

We describe the perturbations in the mobile frame

m(t,x)=1/1—|r(t, x)|2Mo(x) + r1 (t, )My (x) + ra2(t, X)Mo

sin 6(x) —cos A(x) 0
Mo(x) = (cosé(x)) M (x) = ( sin 0(x) ) M, = < 0 )
0 0 1

New Equations for r

r:Rf x Ry — R?

Exact Solution

d¢ry = —Ly(ry) — La(r2) + non linear

Oiro = Ly(r1) — La(r2) + non linear Mo for LL ~ 0 for the

new system

s’ Ny _
L1 (I') = 78)()(" = ;axr =+ (S|n2 0 — 0052 9)r Stablllty of 0?

/
Lo(r) = —8xxr — s;axr + (sin? 8 — (8")2)r
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On L2(R), weighted scalar product :

< ’ > / (xX)u(x)v(x) dx,

Ly = —%8)((58)() +(sin?6 — (6")%) = L, is self-adjoint for <‘>

<L2u’v> = <£u‘€v>, with £ = 9y + 0" tan §

L, >0, KerLly =R(cos0)

@ Valid whatever the configurations of the wire (several pinched zones)
o for one wall, on (cos §)*, Ly > ap >0
@ Invariance by rotation = 0 is an eigenvalue of the linearized
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Properties of the linearized : L4

Ly =1Lp+(8')° —cos?@

Key point: Ly >07?

@ Infinite nanowire without pinching : Ly = Lo, Ly > 0. Stability
@ Finite nanowire without pinching : Ly = L, — c. Bad sign, unstability for the position
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Properties of the linearized : L4

Ly =1Lp+ (6% —cos?@

(0")% —cos?d > 0onKerLp = Ly >0
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o Physical Context
Q 1d Model for ferromagnetic nanowires

@ Walls in constant-section wire

o Wall configurations for infinite nanowire with one notch

© Wire with several notches

e Applied Magnetic Field and Electric Current Effects
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Geometry of the wire

Elementary cell of length L

p = 1 outside [—a, a],
p(—x) = p(x),

p non decreasing on [0, a]
8(x) = n(p(x))?

radius of the cross section : p

Wire with N — 1 notches, L : distance between 2 consecutive notches
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Model of wire

om
ot

s’ . R
Hetr = OxxM+ ;axm— (my8, + m38s)

= =M X Hej — M X (M X Herr)

FAEE

Tsi0<x< 5

S(x) = 8(x — kL) ifkL — 5 < x < kL +

NI~

Tt (N=1)L+ 5 <x<NL
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Data

De {0, 1}V
Example 00111010 sino
bit 0 : domain where m ~ —e; M = 0059

bit 1 : domain where m ~ ey

Gilles Carbou, UPPA (UPPA, LMA) Walls in hed i i 27/38




Data

D e {0,1}N
Example 00111010 <sin6>
M=

bit 0 : domain where m ~ —e4

bit 1 : domain where m ~ ey

Stationary solution in notched

wire

' : i I_I '
F1(0) = —0xx0 — £-0x0 — cos Osing J L

Fi(0) =0
6'(0) = 6'(NL) = 0
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Main Result

Theorem (with D. Sanchez)

For all N, for L large enough, for all data in {0, 1}V,
@ there exists a static solution encoding this data,
@ this solution is asymptotically stable modulo rotation

Example 00111010

el UL
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Construction of an approximate solution ©5%
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Construction of an approximate solution ©%

Gilles Carbou, UPPA (UPPA, LMA)

Walls in

At the ends

™

On [0, L/2], &% = -3

On [NL— L/2,NL], © = —%

29/38



Construction of an approximate solution ©%

At the ends
. L7
— On [0, L/2], ©5 = 5
: VV On [NL—L/2,NL], © = —=

\ Cells without

magnetization switching

S S [ N On [KL — L/2, kL + L/2],
eL=+2
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Construction of an approximate solution ©%

] O5() = i (+(x — kL)),

; o g @ J(x) = 0(x) for
1 x € [-L/3,L/3]
@ J(x)=m/2forx > L/2
[ I @ J;(x) ~ m/2 for
x €[L/3,L/2]

2
3 25 -2 -5 -1 -0s 0 05 1 15 2 25 3
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Construction of an approximate solution ©%

[ ] [ OL(x) = Jy(+(x — kL)),

; o g @ J(x) = 0(x) for

1 x € [-L/3,L/3]

@ J(x)=m/2forx > L/2
[ I @ J;(x) ~ m/2 for

x €[L/3,L/2]

s L1

2
3 <25 -z -5 -1 =05 0 05 1 15 2 25 3
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Construction of an approximate solution ©%

[ ] [ OL(x) = Jy(+(x — kL)),

; o g @ J(x) = 0(x) for

1 x € [-L/3,L/3]

@ J(x)=m/2forx > L/2
[ I @ J;(x) ~ m/2 for

x €[L/3,L/2]

1s |

2
5 25 -2 <15 -1 05 o 85 1 15 2 25 3
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Construction of an approximate solution ©%

Cells with DW

©5(x) = Ju(£(x — kL)),

@ Ji(x) = 0(x) for
\ x € [-L/3,L/3]

U @ Ji(x)=m/2forx > L/2
J L @ Ji(x) ~m/2 for

x €[L/3,L/2]

Approximate Stationary

Fi(0) = —8xx0 — L840 — cosOsin 6
8x©L(0) = 9yOL(NL) = 0

IF(©L) ~ e~ << 1.
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Fixed point method
Stationary solution for
notched wire et =0L+ vt
’ Ly
F () := —0xx0 — 5 0x0 —cos fsin g ® 7(©3) is small

F(6h) =0,

Bx0L(0) = BxH-(NL) = 0,

6L encodes the data.
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Fixed point method

Stationary solution for
notched wire et =0L vt

’ Ly
F () := —0xx0 — 5 0x0 —cos fsin g ° 7(©g)is small
o /\é = 89.7:(62)

FOh =o, ,
s
AL(V) = —9xv— 20y v+(sin® ©L—cos? ©L)v
B,0L(0) = Bx0-(NL) = 0, a(v) oV =g Ox ( a a)

6L encodes the data.

0 = F(OL + vh) = F(OL) + AL(vh) + c(ek, vhy(vh, vh), e vi=o (vh)
@ (v) == —(A) ™" (F(Oh) + C(O, V(v ).

@ ALiscoercive onV = {v, v € H2,v/(0) = v/(NL) = 0},
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Fixed point method

Stationary solution for
notched wire et =0L vt

’ Ly
F () := —0xx0 — 5 0x0 —cos fsin g ° 7(©g)is small
o /\é = 89.7:(92)

FOh =o, ,
s
AL(V) = —9xv— 20y v+(sin® ©L—cos? ©L)v
B,0L(0) = Bx0-(NL) = 0, a(v) oV =g Ox ( a a)

6L encodes the data.

0 = F(O5 + vt) = F(OL) + AS(vhy + c(eL, vhy(vh vh), e vE= o (vh)

@ (v) == —(A) ™" (F(Oh) + C(O, V(v ).

@ ALiscoercive onV = {v, v € H2,v/(0) = v/(NL) = 0},
o o (V)] < Cle= +|Iv]?)

o [[or(v) = (W)l < K(lIvll + lIwl) [[v — wl|

hed i i 30/38
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Fixed point method

Stationary solution for
notched wire et =0L vt

’ Ly
F(0) = —Ox— 650 — cos Osin 0 ° 7(©3) is small
o /\é = 89.7:(65)

F(6h) =0,

Bx0L(0) = BxH-(NL) = 0,

6L encodes the data.

Lvhy, ie vi=o, (v

0= F(05 + vh) = F(0g) + A5(v5) + C(O5, vh)(vF, v

(V) = —(A5) " (F(OF) + C(O5 )(v.v)).

Existence for v’ by fixed point method

Gilles Carbou, UPPA (UPPA, LMA) Walls in
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UL

s’ .
AL(V) = —Oxx vfgaxv+(3|n2 ©L—cos?el)v
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Key point : coercivity of the linearization

S/
AL(V) = —Oxv — SOt fr(x)v, fh(x) =sin? @ — cos? ©L.

For L large enough, AL is invertible

3¢ > 0,3Lg,VL > Lo, Vv €V, <Aév‘v> > c||v|%,, where <u‘v> = / s(x)u(x)v(x) dx
s R
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Key point : coercivity of the linearization

s/
AL(V) = —Oxv — St fE(x)v,  fi(x) =sin? ©L — cos? ©L.

For L large enough, AL is invertible

3¢ > 0,3Ly, VL > Lo, WV €V, </\gv

v> > c||v||f§, where <u‘v> = /Rs(x)u(x)v(x) ax

o if supp v is in a domain : A5(v) = — OV — %/8)( +v

<Aév

vy = ||6xv]? v||?
) = lloxvIZ; +1IvIZ;
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Key point : coercivity of the linearization

s/
AL(V) = —Oxv — St fE(x)v,  fi(x) =sin? ©L — cos? ©L.

For L large enough, AL is invertible

3¢ > 0,3Ly, VL > Lo, WV €V, </\gv

v> > c||v||f§, where <u‘v> = /Rs(x)u(x)v(x) ax

o if supp v is around a DW, AL(v) = —8xV — S 8xv + (sin?§ — cos? d)v = Lyv

Infinite-wire case : OK

UL 1
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Key point : coercivity of the linearization

s/
AL(V) = —Oxv — St fE(x)v,  fi(x) =sin? ©L — cos? ©L.

For L large enough, AL is invertible

3¢ > 0,3Ly, VL > Lo, WV €V, </\gv

v> > c||v||f§, where <u‘v> = /Rs(x)u(x)v(x) ax

o if supp v is around a DW, AL(v) = —8xV — S 8xv + (sin?§ — cos? d)v = Lyv
Infinite-wire case : OK
o Transitional zone : A5(V) = —OxV — ss—/axv +fivetfl~1

If Lis large enough, ~ domain

UL 1
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Key point : coercivity of the linearization

s/
AL(V) = —Oxv — SV fE(x)v,  fL(x) =sin? ©L — cos? ©L.

IMS Formula

@ x;€C™
e around the " wall centered in x; : / \

X=X

Xj(x) = TP( L ) I ‘ : "‘ ‘uz

@ supp xo in the quasi-domains
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Key point : coercivity of the linearization

s/
AL(V) = —Oxv — SV fE(x)v,  fL(x) =sin? ©L — cos? ©L.

IMS Formula

e around the " wall centered in x; :

@ x;€C™
\

(x) = (X=X
X/(X) = w( L ) T ‘ ‘
@ supp xo in the quasi-domains k
-] <Aé(v)‘v> = Z< a(X/V) Xi >+O
k j=0
D> (i) =1
i=0
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Key point : coercivity of the linearization

s/
AL(V) = =BV — SV fE(x)v,  fL(x) =sin? ©L — cos? ©L.
IMS Formula
@ x;€C™
e around the " wall centered in x; : / : \
X — X
Xj(x) = w( [ ]) i i s ‘ux ‘uz

@ supp xo in the quasi-domains

o (A5()|v) = i< AS(av)
j=0

Xi >+O

for L large enough, AL is coercive
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Conclusion

There exists a solution close to ©%

L

L

This solution is asymptotically stable modulo rotation around the wire axis
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DW are pinned by the notches

Walls in
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Plan

e Applied Magnetic Field and Electric Current Effects
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Small applied field

Notched Nanowire

m: Ry x Iy — S2

om

§=—m><Heff—mX(mXHeff)

s/
Hefr = Mxx + o Uk — (2E — + haéy

Boundary Conditions
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Small applied field

Notched Nanowire

m: Ry x Iy — S2

om

§=—m><Heff—mX(mXHeff)

s/
Hefr = Mxx + o Uk — (2E — + haéy

Boundary Conditions

Constant-cross-section wire : precessional regime

m(t, x) = RptMo(x + hat)

Gilles Carbou, UPPA (UPPA, LMA) Walls in hed i i 35/38




Small applied field

Notched Nanowire

m: Ry x Iy — S2

om

§=*m><Heff*m><(m><Heff)

s/
Heft = Mxx + o e = Mo = iy + haéy

Boundary Conditions

Constant-cross-section wire : precessional regime
m(t, x) = RptMo(x + hat)

Notched wire :
For small h, : the wall does not move, remains in the notch (static solution), its profile is planar.

Construction of the solution by implicit function theorem
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Wall depinning

Infinite Notched Nanowire

m: Ry x Ry — S?
om

§=—m><Heff—m><(m><Heff)

!
Heft = Mxx + ;mx — M8y — M3€3 + ha€

For hy > Z:((g)) there is no static solution with one DW
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Notched wire with small current

Notched Nanowire
m: Ry x Iy — S2

om

Vv, v
ﬁ:—m><He,,—mx(mxHef,)fngmf;mxaxm

s’ = =
Heft = Mxx + ;mx — M€ — M3€3

Boundary Conditions
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Notched wire with small current

Notched Nanowire

m: Ry x Iy — S2

om V., '
— = —m X Hgf — m x (M X Hgff) — —OxmM — —m X Oxm
Bt et ( etf) X s x

s’ = =
Heft = Mxx + ;mx — M€ — M3€3

Boundary Conditions

Notched wire :
@ the wall remains in the notch
@ non planar configuration
@ the profile turns around the wire
@ Depinning by electric current? ? ?
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Conclusion

We proved the reliability of this kind of storage devices if L is large enough
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Conclusion

We proved the reliability of this kind of storage devices if L is large enough

@ Stability threshold for L ?
@ Dynamics of the walls in notched wires ?
@ Recording (Creation of walls) ?
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Conclusion

We proved the reliability of this kind of storage devices if L is large enough

@ Stability threshold for L ?
@ Dynamics of the walls in notched wires ?
@ Recording (Creation of walls) ?

Thank you for your attention
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