Origin of the non-crystalline Anisotropic MagnetoResistance in (Ga,Mn)As

Why AMR?

detection tool for magnetlsatlon

Phenomenology
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« 6x6 Kohn-Luttinger Hamiltonian of GaAs valence band
« kinetic exchange with Mn d-states
« Virtual Crystal Approximation/Mean Field
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2) Scattering

: correction beyond VCA - necessary for finite resistance
« scattering rates by Fermi golden rule
« only substitutional Mn_, considered

« coherent sum of electric and magnetic scattering potential
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screened Coulomb potential (Mn = ionized acceptor)

3) Transport formalism: Boltzmann equation
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Possible mechanisms of the non-crystalline AMR
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deformed Fermi velocities polarized scatterers

anisotropic band structure anisotropic relaxatlon times

. their importance estimated numerically in the model

AMR as a function of x in Ga,,Mn,As Minority heavy-hole Fermi surface,

colour-coded scattering rates
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Anisotropic scattering time: simplifying the model
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Outlook - crystalline AMR

Framework: phenomenological formulae Experiments: crystalline AMR
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« functions 1 and v are arbitrary
« expand into Taylor/Fourier series
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Analytical model:
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Effective electric scattering strength:

Magnetisation
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Boltzmann eq. integration:

Return to the original scattering model
consider only states with
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« o = 1/2: magnetic and electric part
cancel each other for k||M :
(coherent sum!)  singularity at a=1/2 is removed

e o — oo electric Scattering - NO « but overall character of the AMR
anisotropy remains unchanged

Conclusions

 AMR = combined effect of spin-orbit interaction and magnetisation

« general classification of (non-crystalline) AMR sources presented

« non-crystalline AMR in (Ga,Mn)As primarily due to anisotropic scattering times introduced by

anisotropic scatterers (Mn magnetic moments); caveat: coherent addition of the electric part
(Mn = ionized acceptor)

« suggested experimental test: systems with different effective electric scattering strength o
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