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Transition metal doped ZnO: DMS?

Two competing theoretical approaches:

o Zener model biet et al semicond. sci. and Technol. 17 (2002)

® Band mOdel Sato et al., Semicond. Sci. Technol. 17 (2002)
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SIC-LSD method
=distinguish between the models based on their total energy

* LSD approximation to Eyx-— unphysical self-interaction (SI)
e SIC-LSD: energy contribution for a d-electron to localize:

occe.
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Zener model energetically more favourable than band picture
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* Divalent neutral
impurity, d°

- E,,=-113.125 eV
e groundstate

*Trivalent neutral
impurity, d#
e gap state
«E . =-112.60 eV

triv

Delocalization process: (Mn2*;0)— (Mn3*;+) + e-
o d-electron transferred to conduction band

e dependent on Fermi level position (Mn3+;+)
e introduces donor level ¢(0/+) in the gap
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Eform_(zno:an;q)zEtot(ZnO:Mnv;q)'Etot(zno)'uZn-l_uMn-l_q.EF
Donor level is defined by the Fermi energy where
E¢orm(Zn0O:Mn2*;0)=E,,,(ZnO:Mn3*;+)
S
2 Mn3+0 - For n-type conditions (E,. close to CBM) Mn
“C’ Mn2+0 Is In neutral charge state and has valence 2+.
S n-". ®
© * For p-type conditions (E. close to VBM) Mn
Cg) Mn*:+ is in donor charge state and has valence 3+.
L e(+/0)
Transition level
CBM
VBM EF CBM
e(+/0)
*The transition level ¢(+/0) is predicted to occur at near the
VBM

middle of the gap as found experimentally.
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ZnvinO:N Petit et al., cond-mat/0410628
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Summary and Conclusions

o ¢(0/+) donor level situated in the ZnO gap
e ZnOMn

— Mn is in localized d° state

— Zener model energetically more favorable than band model
— No hole carriers = no ferromagnetic exchange
e ZnOMn:N ; [N] £ [Mn]
— Mn is in d* state
— No delocalized carriers
e ZnOMn:N ; [N] > [Mn]
— Mn is in d* state
— Hole states at VBM
— Carrier induced FM possible

Acknowledgments: Work supported in part by Defense Advanced Research Project Agency and

by the Division of Materials Science and Engineering, US Department of Energy. Oak Ridge National

Laboratory is managed by UT-Battelle, LLC, for the Department of Energy under Contract
No. DE-AC05-00R22725



