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3C-SiC has been identified as a leading semiconducting material for use in high, 

voltage, temperature, and frequency devices. In contrast to the other SiC polytypes, 3C-
SiC has shown great potential through its high saturated electron drift velocity. The 
material also shows a very low density of states at the 3C-SiC/ SiO2 interface making it 
an attractive option for use in power-switching MOSFETs. However, stacking faults form 
due to the 19.7% lattice mismatch at the 3C-SiC/ SiO2 interface, and then expand 
throughout epitaxial growth, eventually terminating with other stacking faults, creating 
electrically active defects that lead to the electrical degradation of the material. After the 
epitaxial growth process has finished, the gliding of the partial dislocations at the edges 
of the stacking faults, instigated by the intrinsic shear stress of the system, begin to 
generate forest dislocations. The forest dislocations are created by the intersection of the 
counter pair of carbon-terminated stacking faults along the (-111) and (1-11) planes and 
the silicon-terminated stacking faults along the (111) and (-1-11) planes. By employing 
Monte Carlo simulations to model the generation of the dislocations we are able to 
analyze the density of forest dislocations throughout the system as a function of the shear 
stress, as well as a function of the temperature, material thickness, and stacking fault 
density. The results will allow for greater insight into the mechanisms by which leakage 
current density increases and how the generation of electrically active defects can be 
reduced through more sophisticated fabrication processes of 3C-SiC. 
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3C-SiC is an attractive semiconducting material for use in a 
variety of high power electronic devices. The relationship 
between the forest dislocation (FD) and stacking fault (SF) 
density gives insight into the mechanisms by which leakage 
current occurs. 
 
 
 
 
 
 
Goal: Analyze forest dislocation density as  compared to the SF 
density in 3C-SiC (001). 
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Applications 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3C-SiC (001) Monte Carlo Simulation Geometry 

 
 
 
 
 
 
 
 
 
 

Stacking Faults and Partial Dislocations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Forest Dislocation and Stacking Fault Densities 

Define the activation energy of partial dislocations as a 
function of the temperature of the system and the area of the 
respective SF. Compare the simulation results to experimental 
results in order to have a clear insight into the mechanisms by 
which the generation of FDs affects the leakage current 
density. 

Future Work 

Self expansion mode Self shrinking mode 

Interactive stretching mode Interactive shrinking mode Drag mode Annihilation mode 
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Stacking Fault Interactions  
During Epitaxial Growth 

Post-Epitaxial Growth  

Burger’s Vector for Gliding 
Partial Dislocations: 

9030 bbb 

Burger’s vector is decomposed into the 
90° and 30° partial Burger’s vectors 

b30 = C-core Partial Dislocations       Edges of CSFs and SiSFs 
 
b90 = Si-core Partial Dislocations      Top edges of CSFs and SiSFs 

Si-Core AE <<< C-Core AE: 

Si-Core gliding velocity is several 
orders of magnitude higher: Can be 
omitted from simulations 

b30 vector is projected onto the four 
equivalent planes corresponding  to 
the four different types of SFs 

Stress vector in [110] direction 
projected onto new gliding vectors  
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• Durability in a large range of chemical, 
thermal, and electrical properties 
• Highest saturated electron drift velocity 
•Low density of states at 3C-SiC/SiO2 
interface  
•Favorable choice for use as a 
semiconductor in MOSFETs at voltages 
ranging from 600V-1200V 

50nm 

Static Generation 
Probability of SFs:  

Angle Offset:  Annihilation 
Balance:  

SiSF Expansion 
Probability:  

12.5% 50/50 12.5% 0.125° 

Stress Applied To System: 

Stress is defined by the probability that the partial dislocation will glide in a 
given iteration of the simulation: 0% - 100%  10% interval 

 
 
 
 
 
 

Forest Dislocations 
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Partial dislocations 

Crowd line of point defects 
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[110] view of Forest Dislocation 
Simulation tracking forest dislocations 

All data was obtained from simulations modeling a material of  
30nm x 30 nm x 15nm in a length of 1000 time steps 

a) SiSFs and CSFs are present (Regular system). b) No SFs are present (Ideal system). 

c) Only SiSFs are present. d) Only CSFs are present.  

e) SiSFs and CSFs are present  f) SiSFs and CSFs are present  

SiSF-induced FDs point in [110] direction 
CSF-induced FDs point in [0-11] direction 

［110］ 

［001］ 

Coherent 
boundary 

(111) 

(111) 

［101］ 

［011]］ 

［011］ 

［101］ 

Undulant-Si 

(111) 

(111) 

［101］ 

［011］ 

［011］ 

［101］ 

Undulant-Si 

3C-SiC 

Surface 

SF region parallel with 

(1-11) and (-111) planes 

SF region parallel with 

(111) or (-1-11) 

Dislocations 

5nm 

[001] 

[110] [1-10] 

Si 

SiC 

Acknowledgements:  I would like to thank Hiroyuki Nagasawa and Maki 
Suemitsu for their assistance in understanding the physical phenomena of SiC 
crystal growth and for their interpretation of the simulation results. This 
research project was conducted as part of the 2015 NanoJapan: International 
Research Experience for Undergraduates Program with support from a 
National Science Foundation Partnerships for International Research & 
Education grant (NSF-PIRE OISE-0968405). For more information on 
NanoJapan see http://nanojapan.rice.edu. 

[3] [H. Nagasawa] 

[H. Nagasawa] 

[H. Nagasawa] 

[1] 

[4] [4] 

[4] 

[4] 

Contact: 
Steven Ceron 
University of Florida 
Stevenceron100@gmail.com 

https://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCJDM5KW8-sYCFeOqpgodMVAKOQ&url=https://en.wikipedia.org/wiki/Fredric_G._Levin_College_of_Law&ei=JLO1VZCqBOPVmgWxoKnIAw&v6u=https://s-v6exp1-ds.metric.gstatic.com/gen_204?ip=130.34.213.13&ts=1437971235129719&auth=wu54ze4x2nlhh6x43p253hzkmus6lm3q&rndm=0.742479334091471&v6s=2&v6t=4703&bvm=bv.98717601,d.dGY&psig=AFQjCNHaKxjNHRxLRgeheOrDTjb-LwCXAQ&ust=1438057635082905
http://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCNeFxMK8-sYCFQM4pgodnfELLA&url=http://www.oral-immunology.dent.tohoku.ac.jp/member_en.html&ei=YLO1VdfVFYPwmAWd46_gAg&bvm=bv.98717601,d.dGY&psig=AFQjCNGsH9Vb8g_JB_VYRV5ohLVnA0gibA&ust=1438057695303172
https://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLiL7s-9-sYCFSgZpgodqJwMMA&url=https://www.nsf.gov/policies/logos.jsp&ei=iLS1VbinLaiymAWoubKAAw&bvm=bv.98717601,d.dGY&psig=AFQjCNEXLUVRYBNKUQZnCzeloEwUYgQ2zw&ust=1438057968756530
http://nanojapan.rice.edu/

	Ceron, Steven_SCI_Abstract
	Ceron, Steven_Final Poster

