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3C-SiC has emerged as an attractive wide bandgap semiconducting material for
high temperature, high frequency, and high voltage applications. It exhibits a low density
of states at the 3C-SiC/SiO, interface, making it a viable material for power-switching
MOSFETs which are of particular interest to motor drives in electric vehicles. Moreover,
3C-SiC can be grown on a Si substrate to drive down production costs. However, as a
result of the 19.7% lattice mismatch between Si and 3C-SiC, a high density of stacking
faults are generated and a specific interaction between adjoining stacking faults generates
an electrically active defect which can degrade the performance of 3C-SiC devices. Here
we employ Monte Carlo simulations to better understand the interaction of stacking faults
during epitaxial growth of 3C-SiC on a Si substrate. By modeling the generation,
annihilation, and termination of stacking faults in 3C-SiC grown on the Si(100) face as
well as the Si(111) face, we can compare the densities of stacking faults and electrically
active defects for both geometries. For both cases, we monitored the evolution of defect
density as a function of 3C-SiC film thickness for various different sizes of crystals
ranging from 15x15 pm”to 1000x 1000 pm?®. In contrast to that of (100)-oriented 3C-
SiC, the stacking faults on the (111) face have unified polarities which gives rise to
increased annihilation. Therefore, we expect to see that the stacking fault density will
decrease more rapidly in the case of (111)-oriented 3C-SiC growth.
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Initial Carbonization  SIC Thickness =0.872 um  SIC Thickness = 5.232 um
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Stacking Faults (SFs) in 3C-5iC

Summary of Stacking Fault Interactions*: o | ith | | | |
- SFs are generated at the interface between the 3C-SIC crystal and . : grl;sc:zrzlrgad:iZS2§e§omtthhg]gg?ssilg?otgf):k;r?j?hzng(g eSci:ée (aﬁlln)g
?}Ic?)l;]zsrgﬁ::eeduerrl]r;?aeteplc}at)xm’;lh%r(:])_gtgo/mIg{t(ijceer ::1)i;nrrl1r;:2;12€ the : Si_SF 'L surfaces as a result of annihilation and termination interactions
J y 70 . }‘ = F - T I « At some specific thickness, determined by area size, stacking fault
« SFs propagate along the four equivalent {111} planes of 3C-SIC C-SF 1 density decreases dramatically
. SF Interactions: Interactive shrinking mode  Self expansion mode . » Stacking fault density decreases more rapidly on the (111) face than
3C'S|C(001) Face SFs with E pOIa”ty: one F I the (001) face
4 Orientations of SFs expressed: will annihilate the other T T [ Drag mode
* 2 with Carbon Polarity SFs with distinct polarity: }‘ = L -
* 2 with Silicon Polarity each terminate the other’s . R Depending on the polarity, SFs in 3C-SiC may be terminated by
» C polar and Si polar SFs are related Interactive stretching mode ¢ Snrinking mode
v 900 rotat propagation & Annihilation mode Shockley-type partial dislocations which can glide and interact along
y rotations | Key Simulation Parameters: the four equivalent {111} planes. The glide of dislocations can change
Point defects at SF the dimensions of the stacking fault. Sigure 4. SFs are

" partial dislocations which
glide parallel to their
Burger’s vectors®

i"”m bordered by 30° and 90°

211]

3 Orientations of SFs expressed: states into the band gap Probability for SFs polar SFs)
+ All have unified polarity 50/50  |[Angle Offset | .125°
* Propagate along (11-1), (1-11), and (-111)
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