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Background of our study

Silicon carbide (SiIC) Is a promising wide bandgap
semiconductor for fabricating high-power and high-frequency
electronic devices capable of operating at elevated temperature
under radiation environment.

In order to understand the radiation-degradation of SiC
electronic devices, changes of properties in SIC by radiation
should be investigated.
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Comparison of radiation resistance of Si and SiC
10 ¢ 1 Al-doped Si
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Comparison of radiation resistance of Si and SiC
10 ¢ 1 Al-doped Si
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Comparison of radiation resistance of Si and SiC
10 g 1 Al-doped Si
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Comparison of radiation resistance of Si and SiC
10% 1 Al-doped Si
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To understand the origin of the decrease in p(T)
In Al-doped 4H-SIC by electron irradiation,
the densities and energy levels of acceptors and
defects should be determined from p(T).

How to accurately determine the densities
and energy levels of acceptors and defects
from p(T)
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Free Carrier Concentration Spectroscopy
(FCCS)

p(T)2 / Eref \
(KT)>'? =P kKT
\ J

H(T1Eref):

The FCCS signal has a peak corresponding
to each acceptor level or defect level.

AEi = kTpeaki T Eref
I\li = kTpeaki H (Tpeaki ’ Eref ) eXp(—l)
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FCCS signal of H2(T, E,.), iIn which the influence of the

previously determined acceptor is removed, is calculated
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Relationship between N,, and Ny,

In unlrradlated Al- doped 4H-SIC epilayer

: Unlrradlated p- type 4H SlC epllayers

A Npa=0.6 XNy

!

[ The unknown deep
| acceptor Is most
I likely related to Al
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Reduction in p(T) in Al-doped p-type 4H-SiC
by 200 keV electron irradiation
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Reduction in p(T) in Al-doped p-type 4H-SiC
by 200 keV electron irradiation
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Reduction in p(T) in Al-doped p-type 4H-SiC
by 200 keV electron irradiation
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Reduction in p(T) in Al-doped p-type 4H-SiC
by 200 keV electron irradiation
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Reduction in p(T) in Al-doped p-type 4H-SiC
by 200 keV electron irradiation
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Reduction in p(T) in Al-doped p-type 4H-SiC
by 200 keV electron irradiation
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Fluence Dependence of N, and N, in 4H-SIC
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Fluence Dependence of N4, in 4H-SIC
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Fluence Dependence of N, In 4H-SIC
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Motivation of our study

1. To investigate changes of p(T) in Al-doped
4H-SIC by electron irradiation with lower
energies (100 or 150 keV)

2. To Investigate decreases of n(T) in N-doped
4H-SIC by 200 keV electron irradiation

Matsuura Laboratory
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Sample Configuration

Investigation of acceptors in Al-doped 4H-SIC
from p(T) obtained by Hall-effect measurements

p-type Al-doped 4H-SIC epilayer
Thickness: 10 um

/ Ohmic contact
® TiI/Al

S Substrate

n*-type 4H-SIC wafer
Size: 1x1 cm?
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Change in p(T) in Al-doped p-type 4H-SIC
by 100 keV electron irradiation
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Change in p(T) in Al-doped p-type 4H-SIC
by 100 keV electron irradiation
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Reduction in p(T) in Al-doped p-type 4H-SIC
by 150 keV electron irradiation
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Reduction in p(T) in Al-doped p-type 4H-SIC
by 150 keV electron irradiation
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Reduction in p(T) in Al-doped p-type 4H-SIC
by 150 keV electron irradiation
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Reduction in p(T) in Al-doped p-type 4H-SIC
by 150 keV electron irradiation
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Reduction in p(T) in Al-doped p-type 4H-SIC
by 150 keV electron irradiation
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Reduction in p(T) in Al-doped p-type 4H-SIC
by 150 keV electron irradiation
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Fluence Dependence of N4, in 4H-SIC
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Fluence Dependence of N4, in 4H-SIC
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Fluence Dependence of N, In 4H-SIC
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Fluence Dependence of N, In 4H-SIC
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Comparison of removal cross sections for Al-doped
4H-SIC by 150 and 200 keV electron irradiation

150 keV 200 keV
K [em2] | 4.8x107*° 4.4x107Y

Kpalcm? | 1.0x107* 1.0x107Y

KA and Kpa for 150 keV electron irradiation Is
lower by one order than that for 200 keV electron
Irradiation
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Sample Configuration

Investigation of donors in N-doped 4H-SIC
from n(T) obtained by Hall-effect measurements

n-type N-doped 4H-SIC epilayer
Thickness: 10 um

/ Ohmic contact
- NI

S Substrate

p*-type 4H-SIC wafer
Size: 3x3 mm?
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Reduction in n(T) in N-doped n-type 4H-SIC
by 200 keV electron irradiation
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Reduction in n(T) in N-doped n-type 4H-SIC
by 200 keV electron irradiation
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Reduction in n(T) in N-doped n-type 4H-SIC
by 200 keV electron irradiation
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Reduction in n(T) in N-doped n-type 4H-SIC
by 200 keV electron irradiation
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Reduction in n(T) in N-doped n-type 4H-SIC
by 200 keV electron irradiation
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Reduction in n(T) in N-doped n-type 4H-SIC
by 200 keV electron irradiation
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Fluence Dependence of N In 4H-SIC
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Fluence Dependence of Ny In 4H-SIC
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Fluence Dependence of Ny In 4H-SIC
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Fluence Dependence of NNH and Ny In 4H-SIC
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Comparison of removal cross sections for 200
keV electron irradiation of N donors located at
hexagonal and cubic C-sublattice sites

200 keV

Knn [em?] 1.2x107*°
Knk [cm?] 6.0x107*°

N donors at hexagonal C-sublattice sites are less
radiation-resistant than N donors at cubic C-
sublattice sites.
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Conclusion

In Al-doped p-type 4H-SIC

1. p(T) was unchanged by 100 keV electron
Irradiation.

2. 150 keV electron irradiation may transform
Al acceptors Into deep acceptors.

In N-doped n-type 4H-SIC

3. N donors at hexagonal sites are less
radiation-resistant than N donors at cubic
Sites.




