- Exchange Interactions in
Magnetic ZnO Quantum Dots




One Model for Ferromagnetism

This model assumes f1is a
constant and that only N,
changes between
semiconductors. It does not

take 1nto account changes in
the LMCT transition.
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Exchange Between the Dopants
and Band Electrons

» External magnetic fields magnetize the

ground state of substitutional dopant 10ns 1n
/n0.

* In the ground state the ZnO DMSs band
electrons are paired, and are confined to the
valence band.

» The band electrons of paramagnetic DMS-
/n0 are only magnetized 1n the excited
state.



The One Electron Picture of the

DMS ZnO Band Structure |
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Magnetization of Co**:ZnO Quantum Dots

Band gap MCD
transitions
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Relationship between CT and
Ferromagnetism.
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Calculation of N g for Co*":ZnO

Nanocrystals
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Angular Momentum Reduction
in Quantum Dots
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Ni?*:ZnO Charge Transfer Transition
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N,f and Ni**:ZnO

Experimental LF magnetization
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N,p should actually be larger (~-4.3 eV) for Ni?* than N,f for Co?", but
the magnetization of the nickel ground state 1s one order of magnitude

less than cobalt due to the in state spin-orbit coupling found in
tetrahedral nickel.



Conclusions

e MCD demonstrates that both the Co?":ZnO and Ni**:ZnO
quantum dots are true DMS materials.

e N,pfor Co’":ZnO and Ni**:ZnO nanocrystals was
calculated using a combination of Zeeman measurements,
absorption and MCD spectroscopy.

» The small value of N,f1s interesting and possibly due to the
reduction of angular momentum found in quantum confined

structures.
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