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Typical p-type doping species in silicon carbide (SiC) are aluminium (Al) and boron (B), which are
commonly implanted into the semiconductor. In order to increase the electrical activation of the
implanted species, it is extremely important to perform thermal annealing as a post-implantation step.
We have therefore investigated the post-implantation annealing of Al- and B-doped SiC to predict the
annealing temperature and the implanted concentration dependence on the electrical activation.

We have obtained several measurements [2-5] of the free carrier concentration as a function of
sample temperature for various annealing temperatures 7Ta (Fig. 1). We have fitted these data with the
charge neutrality equation [6] to obtain the acceptor concentrations Na. For a corresponding T'a the
electrical activation ratios Rac have been calculated according to the total implanted concentration Cro
(Fig. 2) via: Ract = Na / Ctor. We have proposed an empirical relation to characterize Rac: as a function
of Ta [7] (solid line in Fig. 2). The proposed relation has been implemented in Silvaco’s Victory Process
simulator [8], together with the model parameters for the Al and B dopants, to evaluate the gathered
findings in the context of full process simulations. Additionally, another set of parameters was obtained
by fitting the semi-empirical model from [8] to Na (obtained in Fig. 1) as a function of Cr,. Based on
our implementation we are able to predict the activation of the implants in SiC for various Ta. The
evaluation of both dopant species is consistent with the results presented in [1, 5, 9-11] and is essential
to optimize the post-implantation annealing processes. Finally, we have performed two-dimensional
simulations of the implantation and annealing process for a simple SiC diode (Fig. 3) using parameters
and model extensions developed in this study and compared doping profiles with experimental findings.

In summary, this study has enhanced the process simulation capabilities for SiC annealing with the
proposed empirical relation of the electrical activation ratio and the semi-empirical model parameters
for the Al and B species in SiC. We have performed multiple simulations and obtained the model
predictions of acceptor-type states in SiC after high temperature post-implantation annealing.
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1. Free carrier concentration as a function of sample temperature for a) Al and b) B implanted

SiC. The symbols represent measurements, the solid lines refer to the neutrality equation fits, and the
colors represent various annealing temperatures.
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Fig. 2. Electrical activation ratio of a) Al and b) B acceptors as a function of annealing temperature.
The open symbols refer to results presented in [1, 9, 11], the closed symbols are our results from
Fig. 1, and the solid lines show the fit with the proposed relation of the electrical activation ratio [7].
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Fig. 3. a) Two-dimensional net doping profile from process simulations and b) cross-section of the
depth profile with comparison to experimental data. Semi-empirical model, the proposed relation
(Fig. 2), and the obtained model parameters were used for the simulations. Symbols refer to
experimental findings from [10] and solid lines are simulations with identical variables as used in

experiments.



