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Electronic Structure of ZnO Nanorods

Electronic and Ferromagnetic Properties
of Zn,_,Mg,O and Zn,_,Co,O Nanorods
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Experimental Techniques:

Transmission:
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sample

measure absorption as function of incident energy

Detection of Secondary Particles:

0 Fluorescence X-Rays

o Electrons: (photoelectrons
secondary electrons

Auger electrons)

o Optical Luminescence

incident
Lo

X-ray beam
sample

measure [! as function of incident energy
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ZnO, wide band gap semiconductor, has received intensive attention
due to potential technological applications:

v Photocatalysts
v Light emitting diodes (LED)
v' Tunable band gap from to eV by alloying with or

Two common defects in ZnO

Oc.).(.)o Frenkel defect : an ion

0 moves to an interstitial site.

O. (Interstitial)

OOO
eoe /Ola.

Schottky defect . absence .O

of an ion from a site. Sl |
LDA energy levels (eV) (Vacancy) 690(20




PHYSICAL REVIEW B VOLUME 47, NUMBER 12 15 MARCH 1993-11
First-principles calculation of the electronic structure of the wurtzite semiconductors ZnO and ZnS

Peter Schroer, Peter Kruger, and Johannes Pollmann
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Near-edge x-ray absorption fine structure characterization of compositions
and reactivities of transition metal oxides

J. G. Chen,” B. Friihberger, and M. L. Colaianni
Caorporate Research Laboratories, Exxon Research and Engineering Company, Annandale,
New Jersey 08801 J. G. Chen. etal., J. Appl. Phys. 79, 7983 (1996)
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membered

Hexagon
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The TEM image shows that the radi
of tip decreases gradually

- Probably insertion of five- or seventh-
us membered rings and dangling bonds



Electronic Structure and Localized States at Carbon Nanotube Tips

D. L. Carroll.* P. Redlich, and P. M. Ajayan'
Muax-Planck-Institut fiir Metallforschung, Seestrafie 92, 70174 Stutigart, Germany
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Institut Romand de Recherche Numerique en Physique des Materiaux IN-Ecublens, CH-1015 L
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Field Enhancement of Localized DOSs at Field Enhancement of Localized
(5,5) CNT Tips at (9,0) CNT Tips
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Fig_. 1. Three types of semiconductors: (A) a magnetic semiconductor, in
which a periodic array of magnetic element is present; (B) a diluted
|T|.;1gr'|et|-: semiconductor, an dll-::-‘-.f between nonmagnetic sem |-::-c:-r‘|durt-:-|
and magnetic element; and (C) a nonmagnetic semiconductor, which
contains no magnetic ions.

H. Ohno et al., Science 281, 951 (1998)

Experimental Results

fids | * Zn,,Co0,0 Film T, = 300 K @ x=0.15
GaP_| [K. Ueda et al., Appl. Phys. Lett. 79, 988 (2001)]

_—IM _ f )
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Fig. 3. Computed values of the Curie temper- . ) ngh_temp_erature n_type
LTSI eIl ferromagnetic ordering arises originally from Co

gfn”“'”'”% 3% clusters/precipitates or DMS intrinsic properties ?
Dietl et al., SC|ence 287, 1019 (2000)

[Y. Matsumoto et al., Science 291, 854 (2001)]




Exchange Interactions

Direct exchange

Nearest-neighbor interaction, ferromagnetic,
requires mixed cation valence for 3d"-3d"!
fluctuations.

Superexchange

RKKY interaction
Long-range oscillatory interaction.

- One assoclated with 3d dopant cations
- The other associated with defects Iin the oxides

J. M. D. Coey et al., Natural Materials 4, 173 (2005)
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Valence Band
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Since a larger intensity of feature
A, corresponds to more localized Co 3d
orbitals and consequently larger Co
magnetic moment.
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