2nd/March/2000/Erlangen

Investigation of SiC by Positrons

Atsuo KAWASUSO

Martin-Luther-Universitat Halle-Wittenberg
(Humboldt Research Fellow)

Japan Atomic Energy Research Institute
Takasaki Establishment

contents:
- Positron Study of Solid Materials
- Defects in SIC induced by e-irradiation



Positron (et+) Study of Solid Materials
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1. Defectsin SIC

Fundamental defects

Extended defects (dislocation, micro- and nano-pipes...)
Surface and interface (oxide, metallic overlayers....)
Impurities

Point defects (vacancies, interstitials, anti-site, complexes)
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e-irradiation induced defectsin SIC

DLTS studies (6H) PL studies
Zhang et al. (1989) Patrick& Choyke (1970~)
Ballandovich et al. (1986)
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Recent progress

6H SiC
D1 peaks " E1/E2 levels (negative-U)
4349A peak * Z1/Z2 levels (positive-U)

4H SiC
D1 peaks " Z1/Z2 levels (negative-U)

Hemmingsson et al. APL 74(1999)839, PRB 58(1998)R10199.
Frank et al. Proc. of |CSCRM’99.
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Origin of Deep Levels?



Positron Annihilation Spec. (PAS)
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COUNT (arb. units)

Analysisof Lifetime Spectrum
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e-irradiated n-type 3C SIC

Kawasuso et al. AP A67(1998)209.
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Balona and Loubser, J. Phys. C3(1970)2344.

Table. Electron spin resonance parameters of centres produced in 3C and 6H SiC by electron and
neutron irradiation

- - Annealing
Model, S, g (+0-0001), IT| x 10~* (em™ 1),

Spectrum temperature D(cm™1) Intensity tem}g ?:{})u e
A V2 g = 2:0020 42 (1-:5%) 200°C
6H (—) S=1 D = 0-0552 1-25 eV
(e, n) 77 K ¢ = 44-6°

¥ = 30°
B \p gy = 2:0032 28 (12%) 1400°C
6H (+) S=1 g, = 2:0051 66 (6%) 50 eV

(e, n) 300 K, 77K
2C (Ve + Vo)t g = 2:0050 38 (17%) >1300°C
6H () S=1 g, = 20037 >5eV
(e) 77 K
D ? > 1300°C
6H (£) =3 g = 20026 —_— >5eV
(e, n) 77 K
E . V¢ . g = 20034 224 (10%) 1400°C
6H (1) S =1 gy = 2:0033 4-48 (7%) 5:0eV
(e, n) >T77K g, = 2:0028
F (Ve + Vo)™ g = 2:0032 2:62 750 C
3C, 6H (+) =1 (19%, 1:5%) 31eV
(e, n) 300K, 77 K
G (Vi + B)° g, = 20001 A= 1104 250 C
6H (+) S=1 g, = 2:0021 B =03 15 eV
(n) 77 K

a Visible only when the crystal is illuminated with infrared or visible light.
b These values refer only to the spectrum obtained when the magnetic field is rotated in a plane
perpendicular to the hexagonal axis. The spectrum for other orientations has not been fully analysed.
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TRAPPING COEFFICIENT (s1)
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COUNT (arb. units)

e-irradiated n-type 6H-SIC (Cree Res.)
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ESR spectra
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3MeV, 1x10%8 e-irradiated

T1 signal in 3C-SiC

_NB: g... c-axis symmetry
rspin=4.04A
NC: Principal axes of D

deviates ~45° from c-axis

Fspin=3-62A




Proposed atomic models

for ESR centers

NC signal

NA signal

3.15A

NB signal




POSITRON TRAPPING RATE (ns-1)
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e+ detected vacanciesand ESR signals
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ESR signals are related
to vacancy type defects

Related to Vg
e.g., Vg + impurities



RELATIVE PL INTENSITY

Asfor D1 luminescence...
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4H SIC (Cree Research)
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Summary of Part |

Electron-irradiated 3C SiC

» Isolated Vg is major e+ annihilation center.
« Agreement with ESR T1 signal.

* Vg is annealed at 200°C and 800°C.

Electron-irradiated 6H SIiC

Vg and VgV are e+ annihilation centers.

ESR NA,NB&NC centers: vacancy type defects.

*No correlation between D1 peaks and e+ detected vacancies

4H SiC
Grown-in vacancies

Origin of Optical and Electrical Centers

Detailed annealing experiment

N High quality epilayer



Conclusions

Positron annihilation is a superior tool to study vacancy-
type defects in SiC.

Complementary study of positron and the other methods is
necessary to elucidate origin of optical and electrical centers.

Application of positron beam gives us more sophisticated
knowledge concerning with defects in epilayers.

Talk i1spublished as pdf-file at:
http://www.ep3.uni-halle.de/positrong/




