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Abstract

In lightly Al-doped 4H-SIC epilayers
1. Al acceptor with E,,+0.2 eV
2. unknown deep acceptor with E,+0.36 eV

With irradiation by 0.2 MeV electrons,
1. Al acceptor density is decreased
2. deep acceptor density Is increased

Model
0.2 MeV electron

ST
C —Al=C C =Al#C
1 |
Si—C —Si Si—C —Si
Al acceptor Al-V complex
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Introduction
In unirradiated lightly Al-doped 4H-SIC
acceptor with E,+0.2 eV=—>Al acceptor
acceptor with E,,+0.35 eV =—» ?

Both the densities are similar

With irradiation by 4.6 MeV electrons

1. Al acceptor density (N,,) Is reduced
significantly

2. deep acceptor density (Npgfect) IS
decreased slightly

N, IS decreased due to
1. the displacement of Al
or
2. the bond breaking between Al and
Its nearest neighbor C

H. Matsuura, et al. Appl. Phys. Lett. 83 (2003) 4981.
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Experiment

Al-doped 4H-SIC epilayer

Thickness: 10 um
Al-doping density: ~5x10%° ¢cm-3

/ Ohmic contact
® Ti/Al
(]

¥l Substrate
n-type 4H-SIC wafer

Size: 1x1 cm?

Thickness: 376 um
Resistivity: 0.02 Ohm cm
Electron irradiation

Energy: 0.2 MeV
Fluence: 1.0x10% cm-2

Hall-effect measurement
Magnetic field: 1.4 T
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Results
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| After irradiation
"~ = :0.2 MeV (1.0x10% cm™)

- ¢ :4.6 MeV (2.6x10"* cm?)? =

1 2 3 4 5

6 7 8 9

1000/T [K™]

0.2 MeV 1.0x10% cm2 | 4.6 MeV 2.6x10 cm2
Before | After Before |After
AE,, 203 217 203 206
\UN 5.2x10%> |4.3x10%> |6.2x10%> |8.2x10%
A Epeet | 357 363 365 383
Npereet  |3:5x10%° |5.2x10%° | 4.2x10% |3.4x10%
AE [meV] N[cm?]
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Discussion
Atomic-mass-unit dependence of minimum

electron required for displacement of
substitutional atom

0 10 20 30 40 (0]
Atomic Mass Unit

One electron with 0.19~0.36 MeV can
displace only the C atom
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0.2 MeV electron irradiation

?i—(IZ—SIi Si— —Si
I I I
CIS—AII—CIZ —fp C —A| —C
I I I

Si—C —Si Sj—C —Sj

C atom Is displaced # Vacancy Is created

v

1. Al acceptor density Is decreased
2. Al-V complex density Is increased

Since N, Is decreased and Nyt
IS Increased, the deep acceptor
(defect) Is the most likely Al-V
complex.

Matsuura Laboratory



In the case that the defect is Al-VV  No.8
4.6 MeV electron i1rradiation

P67

C—Al—C

| | |

SI_C_ﬁ
SiI— =—Si SI—C—3I
L .
C—=Al—=C C— —=C
|1 |11
Si—C =—3Si Si—C =3I
1. N, is decreased 1. Ny, Is decreased

2. Npesect IS INCreased /

1. N4, Is decreased significantly

2. Nperecr IS decreased slightly
These are In good agreement

with the experimental results.
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Conclusion

With 0.2 MeV electrons, the shallow
Al acceptor density was decreased,
while the unknown deep acceptor
density was increased.

Since one 0.2 MeV electron could
displace only C into an interstitial site,
the Al acceptor density was deceased
due to the displacement of its nearest
neighbor C, which resulted in an
Increase in Al-V complexes.

This suggests that the unknown deep
acceptor Is the Al-V complex.

Matsuura Laboratory
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Appendix
Graphical peak analysis method for
determining densities and energy levels of
dopants and defects from the temperature
dependence of majority carrier concentration.

Free Carrier Concentration Spectroscopy

(FCCS)
p(T)2 Eref
H(T) =
() (kT)5’2 exp( KT j

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

From each peak, the density and
energy level of the corresponding
acceptor or defect can be determined
accurately.
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