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Frequency Dependent EPR Measurements of the Mg-acceptor in GaN

Zvanut, M.E. and Sunay, U.R.  (U. Alabama Birmingham, Physics) 
Introduction 

Mg is the only effective p-type dopant in GaN, the semiconductor responsible for the LED lighting revolution. Yet experimental measurements have provided little information about the electronic structure of the impurity due, in part, to the lack of productive magnetic resonance measurements.The limited utility of magnetic resonance spectroscopy stems from the thinness of the films typically available and the inevitable presence of high magnetic spin isotopes, Ga and N. The latter likely obscures information from hyperfine interaction, while the former simply lowers the optimum signal-noise ratio. Recently, however, free standing mm-thick Mg-doped GaN crystals have become available, greatly increasing the S/N, and preliminary studies at 9.4 GHz have highlighted the significant role of basal-plane strain on the EPR spectra [1]. The model on which the study is based, however, assumes g-strain dominates the linewidth. The multi-frequency measurements made at NHMFL addressed this issue.

Experimental 

EPR measurements were performed between 25 and 150 GHz at temperatures between 2.5 and 15 K in the Laboratory of Prof. Stephen Hill of the EMR Facility.
Results and Discussion


Fig.1 shows spectra measured at selected frequencies with the field aligned 20o with respect to the c-axis.  The linewidth, extracted from a fit to a Lorentzian line shape, is plotted in Fig.2 for the full range of frequencies measured, including the 9.4 GHz measurement made at UAB (cross). The filled and unfilled circles were obtained from measurements with the K-band (25-50 GHz) and V-band (50-180 GHz) probe, respectively. Despite some concern that measurements made at V-band are compromised by excessive sample size, the data reveal a consistent trend of increasing linewidth with increasing frequency. (We are preparing a smaller sample for repeat measurements to verify the V band data).  
Conclusions

The broadening of the linewidth seen in Fig.2 immediately reveals that g-strain contributes to the EPR spectral width and supports the model presented in ref. [1]. In addition, extrapolation of the data to 0 GHz reveals the existence of a ~120 GHz intrinsic linewidth, likely attributable to unresolved hyperfine interaction.  Future tests of the strain model include determining the source of the zero-frequency linewidth and measurement of more highly strained heteroepitaxial film samples.  
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Fig.2 FWHM of EPR absorption measured on GaN:Mg sample using K-band (blue) or V-band (green) probe and at 9.4 GHz (plus sign)





Fig.1 K-band frequency EPR spectra of GaN:Mg obtained at 4.5 K  with B oriented ~ 20o from the c-axis 
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