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Ferromagnetic quantum wires
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Ly
— = D)\ |——-— L¢ > Z ~ 2)\
— — - domain wall:
coherent
ballistic

Experiments:
U. Ebels et al., PRL 84, 983 (2000): Co wires, & 35 nm, single domain wall
G. Dumpich et al., IMMM 248, 241 (2002): polycrystalline Co wires
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A single domain wall can increase the resistance
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U. Ebels et al.,
PRL 84, 983 (2000)

Anisotropic Magneto-Resistance: negative contribution

Domain wall scattering: positive contributions
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Model Hamiltonian

Band structure of Co: very complex

Roughly:

d : large effective mass ~~ magnetism

s . low effective mass, mobile ~~ transport

Assumption: s-electrons move in a magnetic con-

figuration defined by the static d-electrons

N

2
Effective Hamiltonian for s-electrons g — _Qh_VQ + Ef(q?)&
m

A: energy difference between s-electrons with TT and | T

—

f(7): local magnetization direction due to the d-electrons
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Conductance
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__h_2v2_|_éf(z)5-’—H—|—H ~»  Transport ch |

= — > = H, p port channels

Leads: f(2)F =41 ~ E; =E({n})+LEk2+2
Density of F({n.}): p= 27TmA/h2 ~ Ny =~ p(EpFA)2)

- i = T

{rni} 0,0

constant offset [/,  ~~ T{”t}(EF) =T (B — E({n}))

Landauer formula

Lw effective 1d problem at energy € = F¢ — Et({nt}) J
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Channel blocking
- -

No domain wall, single domain: gsq4 = NT + Nl ~ 2pk¢

Domain wall: spin mixing and scattering

—

f(2)3 = fa(2)00 + fy(2)ay + f(2)o,  OtETRIONY:
[=(2)00 ¥ fy(R)oy + fa(2)

spin—{flip potential step of height +A
% e > A/2:
e>A/2 - 1" slightly reduced
.......................... , A .
T€<A/2 =/ T3 €<A/2T 0
" E: — p/\ blocked channels
| ——————— 7 | e o AN
2
09 = Gsa — Gu == PA
Jsd 2l?F

~~ atomic size domain walls
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Transmission with spin-flip (A > 0)

fé > A /2: small correction (Cabrera&Falicov '74) € < A/2: important?j

s-electron at Fg: : % R
.......................... LA
Spinor (91, ¢|) €>0 3 SN DR fooeeen - 2
f=(/0,f.) | €<V ' — T oo - Z_%
2 9> A T A |
s — = f-+el oy = —fupy  Thinwall
| 2m 0z 2 | 2 - 2
S A : N p=(5%)" kA <1
S 922 + 5 [.+el o = Efxng perturbation in the spin-flip

2¢€ og A 1
g 2Ep

TlT(e) — (Cwallp) (1 —l_ A o (Cwallp)Z)

L Shape-dependence Cy = %f dz f, at least for linear fz — z/)\J
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Result for thin domain walls

-

Different shape:
(Bloch wall)
f. = tanh(z/\)

Recursive GF

Channel blocking

persists

‘e
Y
T
.
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R+ 9 No spin-flip
2¢/A at large energies
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Result for thicker domain walls

Ty +1)

Channel blocking

suppressed

No spin-flip

at large energies

“mistracking”

LVery thick walls p — oco: T} — 1 “adiabatic transport” J
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Shape dependence in the intermediate regime

o N

Bloch f, = tanh(z/\)
linear f, = 2 /A
trigo f, = sin(mz/2\)

Edges

~~ Fabry-Perot
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Conclusions

o N

Channel blocking in ferromagnetic quantum wires with thin
domain walls: important in atomic contacts

Transmission without spin-fip persists in ferromagnetic
guantum wires with thicker domain walls at higher energy

(“mistracking, non-adiabatic”) ~~ GMR: relevant except for

extremely thick domain walls
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GMR

o N

Example: L ~ 20pum > [y ~ 60nm > Ly, ~ 2\ ~ 10nm

Run Fia;
A A
| |
| R * - [ b = ‘ R I
Rm j Rmin
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