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Probing Dopant Sites in Fe Doped ZnO Dilute Magnetic Quantum Dots

Using High Frequency EPR
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Low dimensional materials that combine electronic and magnetic properties through the inclusion of magnetic ions and electronic defects in a semiconductor quantum dot (QD) lattice may allow systematic coupling of plasmonic and polaronic properties to intentionally control the induced magneto-optical properties. In this new class of so-called plasmonic dilute magnetic semiconductor quantum dots (pDMSQDs) the electronic and magnetic exchange between atoms is directly influenced by the topography of dopant clustering in the structure and the presence of vacancies, carriers and molecular inclusions. For example, in the AB2X4 spinel family (A is M(II) ion, B is a M(III) ion, and X is chalcogenide) grown sub-stoichiometrically, are known to generate antisite pairs at vacancy sites.
 ADDIN EN.CITE 

 Fig.1 is a schematic of a spinel type inclusion (Fe3O4) expected in a Fe doped ZnO quantum dot. In analogy to the spinels, when doping aliovalent ions into II-VI QDs, that the ions produce lattice vacancies that localize at the QD surface leading to single dopant ion occupying a distorted Oh interstitial site. Incorporation of the aliovalent ions (Fe3+ or Cu1+) into a host lattice leads to a stochastically doped solid solution, where the contributions from phase segregation, vacancy, and cluster defects must be considered. 
Experimental 

High Frequency EPR was carried out at EMR facility (NHMFL) to identify the dopant sites and the presence Fermi level carriers induced by aliovalent ion incorporation. The studies were conducted to characterize the Fe3+ site symmetry in Fe-doped ZnO QDs. The EPR field positions and hyperfine splitting of the spin-allowed transitions in the microwave frequency domain provides direct insight into contributions of defects, vacancies, transition metal dopant ions. Variable temperature measurements at 240 GHz were made for different concentrations of Fe doped ZnO.

Results and Discussion


Results of 240 GHz, 10 K experiments are shown in Fig.2. The spectra reveal two features that are assigned as (1) the dipolar broadened signal (g = 2.0332, ΔH = 397.1 mT) assigned to a tetrahedral site for the Fe3+ dopant, and (2) a sharp signal assignable to contributions from the induced carriers in the lattice (g= 2.0049, ΔH= 6.91 mT). Change in g-values for the two signals was further investigated as a function of temperature and dopant concentrations. At low temperature the free carrier signal increases in intensity consistent with polaron formation.  
Conclusions

Model of spinel type inclusion in these materials is developed using these measurements. To further understand formation, structure and size of spinodal inclusions in DMQDs further measurements will be done at different frequencies and for a series of Fe doped ZnO QDs.  Recent studies have shown the carrier density is controlled by the Al content, based on optical absorption where a plasmon is theoretically produced.  It is anticipated the formation of a plasmon type wave will significantly change the nature of the Fe-Fe coupling in the sample, when both Fe and Al are doped into the ZnO lattice.  
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Fig.1 Schematic of spinel inclusion in a ZnO lattice.








Fig.2 HFEPR of 5% Fe doped ZnO at 240 GHz and 10 K.









