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Planar SiC devices are fabricated using ion
implantation because the rates of diffusion of dopantsinto
SiC are too low even at temperatures as high as 1800°C to
be technologically useful. However, the implanted
material must be annealed to activate the dopants at
temperatures where the Si preferentially evaporates and
severely roughens the surface asis shown in Fig. 1. We
show that an AIN film has the necessary properties to act
as an annealing cap for temperatures up to 1600°C; it
retains coverage of the SiC surface during the anneal,
does not react with the SiC surface during the anneal, and
can be removed selectively without harming the SIC
surface after annealing. The properties of the AIN film
and the AIN/SiC interface as-deposited and after
annealing at various temperatures is briefly discussed.
For the higher annealing temperatures required for
implanted p-type dopants, we show that a BN/AIN
composite cap can be used when the BN cap ision milled
off and the remaining AIN is etched off preferentially.
The properties of the as-deposited BN film and films
annealed at various temperatures are briefly discussed.

The utility of using the cap is demonstrated for
the electrical activation of N, Al, and Al/C co-implants.
The n-type N implants become measurably activated by
30 min anneals at 1400°C, and are almost compl etely
activated by anneals at 1500°C with only marginal
improvement seen by going to 1600°C. That the N is
only partially activated by the 1400°C anneal and is
essentially completely activated by the 1600°C anneal is
further confirmed by the sheet resistance, Ry, vs
measurement temperature data; R4, decreases with the
temperature for samples annealed at 1400°C, whereas it
increases for samples annealed at 1500 and 1600°C. Itis
also shown that the marginal reductionsin R, can be
obtained by annealing for longer times up to 60 min for
samples annealed at 1600°C. Samplesimplanted with Al
or Al/C and annealed at 1400°C were so resistive that
measurements could not be made on them. Asshownin
Fig. 2, R¢, is much lower after a 1650°C anneal than it is
after a 1500°C anneal for both Al and Al/C implanted
samples with the difference being larger for the co-
implanted wafer. Whereas thereis little difference in Ry,
for the Al and Al/C implanted samples annealed at
1650°C, thereis afactor of five difference for sasmples
annealed at 1500°C demonstrating the utility of the co-
implant for the lower annealing temperatures. Also, there
islittle difference between Ry, for Al/C samples annealed
at 1600 and 1650°C suggesting that the activation is
essentially complete after the 1600°C anneal.

The CL, EPR, and RBS spectra of Al and Al/C
implanted and annealed samples are also presented. A
typical CL spectrumisshowninFig. 3. Thel,, L,

doublet near 2.9 eV associated with the D, defect
increases relative to the peak thought to be an exciton
bound to an Al acceptor near 3.0 eV. Thiscan be
explained by the Al acceptor 0.25 eV above the valence
band being compensated by the D, donor-like state 0.35
eV above the valence band. There are more D, defects,
thought to be divacancies, at the higher annealing
temperatures because the vacancies that form them are
more mobile. This effect apparently more than offsets the
greater amount of activation of the Al at the higher
annealing temperatures. That the implanted Al does not
just become activated as an acceptor is confirmed by EPR
measurements where no Al signal was detected - only
isotropic signals associated with defects were. We aso
noted that the intensity of the L, peak increased relative to
the L, peak asthe annealing temperature increases
suggesting that one of the two inequivalent sitesin the
4H-SiC lattice was preferred. The effect was larger in the
co-implanted sample. After initially decreasing with
increasing annealing temperature X,in fromthe RBS
spectraincreases suggesting the D, defects interrupt the
periodicity of the crystal lattice.

Fig. 1 AFM of a SiC surface annealed at 1600°C.
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Fig. 2 Sheet resistance for Al and Al/C implanted
samples annealed at various temperatures.
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Fig. 3 A typical CL spectra.



