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Spin-Polarzied Transport in Semiconductors

e Why semiconductors ?

versatility, signal amplification, easier integration,...
doping, variety of structures,..

tunable electronic properties
multifunctionality!
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Signatures of charge carrier localization
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Polaron percolation

Interaction of two polarons

interaction region l( N spins )
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Percolation theory:
the moddl of overlapping spheres

only one parameter: r%

known characteristics: (r%)cm =0.86, N(r%/ﬁ) V(r%/ﬁ)
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Comparison with experiments
and numeric experiments

Ge, Mn, (Park et al. (2002)) Monte-Carlo (Bhatt et al. (2000))
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- Generalized Kondo lattice model
Ferromagnetic order in Mn-based DMS is mediated by carriers.

H=Hpo— Y. JSi VL(Ri)5opv5(Ri) + Wl (Ri)a(Ri)
10,53

3 v?
Hios = Y [ i (@)3—ala) + Vi) (a(s)

Vg : random potential (non-magnetic defects in the material)
J . carrier-impurity (Mn) spin coupling
W : potential scattering
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- local Green function

d3p 1
(2m)3w —ep — Z(w)
- partition function — Z;,, = [ dS;exp[-S,]

Gloe = =4InZy4c/d90

magnetic site: Sf, = T(T)go(v' T’)Cﬂ(T)+JSCaUaﬁCﬁ
nonmagnetic site : S;’OC = Ca(T)go(T T)Cﬂ(’l’l)
- self-consistent mean-field eq.
b =w+p-a(lgfw+ISo] ™) - (1 - 2){gh(w) ™)
- semicircle density of state

D(e) = / on )35(6 —e) =YV 442 - 62/27rt2

- self-energy: ¥(w) = go(w) - Gl (w)
- Green function

Glp,w)=[w+p—e-Zw)]™

Magnetic properties

- magnetization
/dS meXp[ Sloc]
Zloc
T __250]2 00 dw fr(w—p)
T3 L (@ PPA-1R) - 5253~ PId)

. static mean field theory : To ~ J2, , nl/3

T=T,  {m)x(Te-T)1?
T—>0 (m«xT

! X(T) = Cj:(l‘,'ﬂ, J)/|TC - T|
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"J=1.5t, x=0.05

T \rillouin function

Potashnik et.al. APL 79, 1495 (2001)
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