Structure and energetics of
elementary defects in 3C- and 4H-SIC

.T M. Posselt,
u Forschungszentrum Mitglied der Leibniz-Gemeinschaft Institute of lon Beam PhySiCS
Dresden Rossen dorf and Materials Research



related publications (since 2001):

Posselt, M., Gao, F., Weber, W. J., Belko, V.,
A comparative study of structure and energetics of elementary defects in 3C- and 4H-SiC,
J. Phys.: Condens. Matter 16 (2004) 1307

Gao, F., Posselt, M., Belko, V., Zhang, Y., Weber, W. J.,
Structures and energetics of defects: a comparative study of 3C- and 4H-SiC,
Nucl. Instr. Meth. B 218 (2004) 74

Gao, F., Weber, W. J., Posselt, M., Belko, V.,
Atomic computer simulations of defect migration in 3C and 4H-SiC,
Materials Science Forum 457-460 (2004) 457

Gao, F., Weber, W. J., Posselt, M., Belko, V.,
Atomistic study of intrinsic defect migration in 3C-SiC,
Phys. Rev. B 69 (2004) 245205

.-T M. Posselt,
u Forschungszentrum Mitglied der Leibniz-Gemeinschaft Institute of lon Beam PhySiCS
Dresden Rossendorf and Materials Research



|. Intfroduction

Sl C promising material for applications
in power devices and high T electronics

selective electrical doping by ion implantation

but:
—  lon-beam-induced defect production

understanding of defects and defect-related processes
In SIC Is therefore very important !!
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lattice structure

fourfold-coordinated Si and C

polytypism:
about 200 different SiC polytypes are known

Identical nearest neighbors, but differences in the second,
third ... neighbor shells
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periodic arrangement of different Si-C dimer rows,

in the basal plane AH-SiC
3c-sic  [0001]
A
row C
and
row B
>
D [-1100]
(11-20;  basal plane
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SI-C dimer rows

4H-SIC
10001] 3C-SiC
A
row A row B
row C
number of non-equivalent lattice sites:
Si: 1 Si: 2
C: 1 C:2
— higher number of different
defects configurations!!
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SiC wafers available for technological applications:

4H and 6H

Importance of investigations of defects in both polytypes!!

In the following: 4H, 3C as reference material

.-T M. Posselt,
L‘ Forschungszentrum Mitglied der Leibniz-Gemeinschaft Institute of lon Beam PhySiCS
Dresden Rossendorf and Materials Research



ll. Classification of potential elementary defects
based on symmetry considerations

non-equivalent on-site defects

3C-SIC vacancy 4H-SIC

Vg Ve (2) L L Vs, Vs, VEBVE (4)

antisite defect

: 1 B 1 C B C ( )
Si, Cq (2) Ii Sic5, Sict, Cg°,Cq~ (4
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dumbbell interstitial

type 1 dumbbell (D1, <110>)

the dumbbell lies
In one of the six planes
formed by two C-Si bonds

e.g.

type 2 dumbbell (D2, <100>) C+C dumbbell on C-site

the two atoms of the dumbbell
lie in perpendicular planes,
each plane is formed by two Si-C bonds
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type 1 dumbbell

3C-SiC A4H-SIC
D1Si+S; in basal plane (b): D1Si+Si*B, D1Si+Si>¢
(Si+Si<110>) not in basal plane: D1Si+Si8, D1Si+SiC
b,B b,C
D1C+C D1C+CP5,D1C+C
(C+C<110>) D1C+CB,D1C+C°¢

D1Si+CPB, D1Si+CPC¢

S[?i-]C-JS<I1-;g:> two orientations (u, d) with respect to the c-axis:
® ) D1Si+Cu8, D1Si+CH8, D1Si+CUC, D1Si+CAC

D1C+SiPB, D1C+SiPC

D1C+Si
(C+Si<110>) D1C+SivB, D1C+Si¢8, D1C+Si"C, D1C+Si¢C
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type 2 dumbbell

3C-SIC
T D2Si+Si
L'%“\, (Si+Si<100>)
o‘r D2C+C
s (C+C<100>)
Q/;é%
OT D2Si+C

< ”‘3'% (Si+C<100>)

N D2C+Si
A (C+Si<100>)

(4)

4H-SIC

D2Si+SiB, D2Si+Si¢

D2C+CB8, D2C+C°¢

two orientations (u,d) with respect to the c-axis:
D2Si+CuB, D2Si+Cd5B
D2Si+Cu¢, D2Si+Cd4¢

D2C+Siu8, D2C+Sid 8
D2C+SitC, D2C+SifC
(12)
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non-equivalent elementary defects
which are not related to lattice sites

tetrahedral interstitial

3C-SiC 4H-SIC
Sl Sitg;
Si '
TC Sl
Crc Cc
CTSi CTSi
(4) (4)
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hexagonal interstitial
3C-SiC 4H-SIC
SiH,CH SiHSi’ CHSi’ SiHC’ CHC

2) SinCi g
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Interstitial between two
Sigc3 hexagonal rings

Interstitial between
Si3_ and_C3 trigonal rings

4H-SIC

rowB (2)
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l1l. MD study on stability, formation energy and
structural details of the potential defects

Starting with the potential defect structure, classical MD simulations were
performed to relax the SiC system at OK, using a rapid quenching scheme.
In the MD simulations, the interatomic potential of Gao and Weber

[Nucl. Instrum. Methods in Phys. Res. B 191, 504 (2002)] was employed.

Simulation cell: rectangular parallelepiped with x-, y-, z-directions parallel
to [11-20], [-1100] and [0001], respectively; periodic boundary conditions,
1152 atoms (3C-SiC), 1920 atoms (4H-SiC)
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calculation of the defect formation energy

general definition via total energy differences:
Ep' = Ep — Ngi ks — Nc ke = Ep™- %2 (Ng; — Ne) Ap,
with
Ep” = Ep — (Ngi + Ng) pgic™™ - ¥2 (Ng; — n¢) (us™™ — uc™™)
Ap = (ug — ps™™) — (ke — 1™

assumption: Ap =0, i.e. E;f = E;’T (stoichiometric case)
P H D D

transformation to a relation containing differences of cohesive energies
since in classical MD simulations only binding energies are considered

Epf=Epp - (Ng + Nc) Eon™(SIC) - ¥2 (Ng; — Ne) (Econ*(SH) — Eon™(C))

coh
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results

most of the potential defects are found to be stable

the influence of polytypism depends on the complexity of

the defect:

- small influence on compact defects and defects with nearly
Isotropic lattice deformations beyond the first nearest neighbors

- considerable influence on anisotropic defects with lattice
deformations beyond the first nearest neighbor sphere
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defe Ct vacancies | 3C-SiC 4H-SIC
and antisites row A row B row C
. Vsi 4.67 4.67 4.68
energ etics Ve 1.39 1.39 1.40
Csi 4.43 4.43 4.44
T Sic 5.04 5.04 5.06
(E;Tin eV)
D1 3C-SiC 4H-SiC
dumbbells row A row B row C D2 3C-SiC 4H-SIC
D1Si+Si® 3.7 3.46 3.72 dumbbells row A row B row C
D1Si+Si ' 2.96 3.06 D2Si+Si 4.15 4.16 4.18
D1C+CP 167 4.72 4.68 D2C+C 4.41 4.41 4.43
D1C+C ' 4.66 4.75 D2C+Si! 4.65 4.81
D1C+Si° 5.34 5.32 D2C+Si¢ 4.79 4.78 4.81
D1C+Si* 5.32 5.53 5.35 D2Si+C" + 4.18* 2.83"
D1C+Si¢ 5.30 5.59 D2Si+C¢ 6.06 6.07" 6.11"
D1Si+CP not stable 3.40*
D1Si+C" 3.54* 3.01* 2.49%
D1Si+C° 5.58* 6.03"
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3C-SiC 4H-SiC
row A rowB | rowC
defeCt tetrahedral interstitials
. Sitsi 5.39 5.38
Sitc 2.60 2.60
energetlcs Crsi 5.69 5.69
g Crc 5.38 5.37
(ED N eV) hexagonal interstitials
Siy not stable
Sinsi not stable | not stable
Sinc not stable
Ch 5.15
Cusi 5.15 5.15
Chc 5.15
interstitials between two hexagonal SizC;rings
Sinr 3.39
CHr 4.85
interstitials between Si; and C; trigonal rings
Sitr not stable
Crr 6.26
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V. Summary

- most of the potential elementary defects are stable
- number of non-equivalent defects in 4H-SIC is much higher
than in 3C-SiC

— consequences for modeling of defect migration

- many compact defects in 4H-SIiC have similar formation energy
and structure like the corresponding defects in 3C-SIC

- differences are obtained for more complex defects with large
lattice deformations
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