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Abstract

4H-SiC has physical properties supremely suited for a variety of high power,
high frequency and high temperature electronic device applications. To
fully take advantage of the material's potential, several problems remain
to be solved. Two of the most important are (1) the characterization and
understanding of crystallographic defects and their electrical impact on device
performance, and (2) the introduction of acceptor dopants, their activation
and control of the final distribution of charge carriers. Two main experimental
methods have been employed in this thesis to analyze 4H-SiC material with
respect to the issues (1) and (2): electron beam induced current (EBIC) and
scanning spreading resistance microscopy (SSRM), respectively.

EBIC yields a map of electron-hole-pairs generated by the electron beam of
a scanning electron microscope and collected in the depleted region around a
junction. EBIC is conducted in two modes. In the first mode the EBIC contrast
constitutes a map of minority carrier diffusion lengths. Results from these
measurements are compared to white beam syncrotron x-ray topography and
reveal a one-to-one correlation between lattice distortions and the electron
diffusion length in n+p 4H-SiC diodes. In the second EBIC mode, the junction
is highly reverse biased and local avalanche processes can be studied. By
correlating these EBIC results with other techniques it is possible to separate
defects detrimental to device performance from others more benign.

SSRM is a scanning probe microscopy technique that monitors carrier
distributions in semiconductors. The method is for the first time successfully
applied to 4H-SiC and compared to alternative carrier profiling techniques;
spreading resistance profiling (SRP), scanning electron microscopy (SEM)
and scanning capacitance microscopy (SCM). SCM successfully monitors
the doping levels and junctions, but none of these techniques fulfill the
requirements of detection resolution, dynamic range and reproducibility. The
SSRM current shows on the other hand a nearly ideal behavior as a function of
aluminum doping in epitaxially grown samples. However, the I-V dependence
is highly non-linear and the extremely high currents measured indicate a
broadening of the contact area and possibly an increased ionization due to
sample heating. Finite element calculations are performed to further elucidate
these effects.

SSRM is also applied to characterize Al implantations as a function of
anneal time and temperature. The Al doping profiles are imaged on cleaved
cross-sections and the measured SSRM current is integrated with respect to
depth to obtain a value of the total activation. The evaluation of the annealing
series shows a continuous increase of the activation even up to 1950 °C. Other
demonstrated SSRM applications include local characterization of electrical
field strength in passivating layers of Al2O3, and lateral diffusion and doping
properties of implanted boron.
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