
Lethal Ion Criteria

� Most particles in space are of no consequence to MOSFET catastrophic 
failure.

� To be lethal, a particle (or one of its recoils), must:
1. Have sufficient energy deposition
2. Strike at the proper solid angle
3. Strike within the sensitive area
4. Strike when the biases are in a critical state
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After: J.L. Titus et. al, IEEE Trans. Nucl. Sci., vol. 46, 1999. 
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1200V SiCMOSFET

Estimate of the Failure Rate for 1200 V SiCPower 
MOSFETs in Space
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� Assume SEB cross-section saturated for LET > 10 MeV-cm2/mg
� Define SEB failure as operation at a reverse voltage > 500 V for any

LET > 10

Failure Rate (FR) = SEB cross-section ( �1)  Flux(LET) dLET

Flux(LET) dLET = integral over LET spectrum for LETs  greater than 
10 MeV-cm2/mg using CREME96 or Xapsos et al.

After: E. Dashdondog et al .,
Microelectronics Reliability, vol. 84, 2016.

similar to ……….
J.L. Titus et al., IEEE Trans. 
Nucl. Sci., vol. 46,1999.
J-M. Lauenstein et al., IEEE Trans. 
Nucl. Sci., vol. 58, 2011.
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Integral LET Spectra 
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Worst day solar particle event (SPE) from CREME96. GEO and LEO are 
solar minimum spectra from CREME96. Cumulative solar particle event 
spectra at the 99% confidence level after Xapsos et al. Results for 100 mils 
aluminum shielding.

See: M.A. Xapsos, C. Stauffer, T. Jordan, J.L. Barth, and R.A. Mewaldt, IEEE Trans. Nucl. Sci., vol. 64, 2007.

GEO: Geostationary orbit
LEO: Low-Earth orbit
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Worst Case Estimate of the Failure Rate (FR) for 1200 V SiC
Power MOSFETs in Space
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mm assume 50% sensitive area and 50% duty cycle

�1��� �����������[������-2 cm2

Integral evaluated for all LET> 10 MeV -cm2/mg from the 99% confidence level 
curve from Xapsos et al. – appropriate a conservative design estimate of the 
single -event rate due to solar particles 

Flux(LET) dLET = 10 cm-2 day-1

FR = 6.25x10-3/hour  and  FIT = 6.25x10 6

MTTF (Mean Time To Failure) = 160 hours
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Integral LET> 10 MeV-cm2/mg, FIT, MTTF for 
Different Mission and Satellite Scenarios

__________________________________________________
Integral FIT MTTF 

(no./cm 2-day)  (1 per billion hours) (hours)

SPEW 1000 6.25E+08 1.6

SPE 10                   6.25E+06     160

GEO 0.9 5.6E+05 1786

LEO 1E-04 62.5 1.6E+07

__________________________________________________

SPEW = worst day solar particle event from CREME96

SPE = cumulative particle event at 99% confidence level from     
Xapsos et al.

GEO = geostationary orbit during solar min from CREME96

LEO = low Earth orbit during solar min from CREME96

For all , 100 mils of aluminum shielding assumed .
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FIT: Failure in time
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