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Defects in Ge Doped SiC Crystals
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Abstract: 2-inch Ge doped and undoped SiC crystals were grown by physical vapor transport (PVT) method and
characterized by secondary ion mass spectrometry (SIMS), Raman spectroscopy, stereomicroscope, laser scanning
confocal microscope (LEXT), high resolution X-ray diffractometry (HRXRD). The experimental results showed that
the element Ge was effectively doped into 6H-SiC crystal with doping level reaching up to 2.52x10"%/cm’. Following
crystal growth, the Ge concentration in crystal gradually dropped due to impurity source depletion and leakage. Raman
mapping clearly shows that the excessive Ge doping can cause SiC polytype structure transformation from 6H-SiC in-
to 15R-SiC at the initial crystal growth stage and then rapidly transform from 15R-SiC back into 6H-SiC following the
Ge concentration reduction in the growth process. Microscopic observation indicates that the excessive Ge doping at
initial growth stage results in the increase of hollow density and the multiply of dislocation. And the dislocation
density in doped crystal is almost two-fold of that in undoped crystal. HRXRD pattern demonstrates that the lattice
parameters in Ge doped SiC crystal are enlarged because of a longer atomic bonds caused by Ge doping. Therefore,
the Ge doped SiC substrates have smaller lattice mismatch with III-nitride materials, which is beneficial to the reduc-

tion of dislocations density and the improvement of device performance.
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Fig. 1 SIMS analysis of Ge doped SiC crystal samples grown
at different stages
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Table 1  High resolution X-ray diffraction results
Samples (006) (0012) Tilt angle (006) Lattice (006)
P w/(°) o/(°) A o/(°) Bragg angle/(°) parameter C/nm FWHM/arcsec
Undoped 17.7188 37.6083 0.0808 17.7996 1.51193 17.71
Later Ge-doped 17.0757 36.9626 0.7220 17.7977 1.51209 50.39
Initial Ge-doped  16.8800 36.7484 0.9046 17.7846 1.51317 82.58

R/ B b Ot MR LA A8 N ) R R AL, B
BT AS « F2OF AL 4 (BPD)ZE JE it s T i
A 13T, A 4(a)rhaT LA H S ) (1 U Sk ARER) I
FAFAAE M LITOCR, Fisk i mlh 600y 120041
1800, K 2 R 36 V- [f A 5 R E A 7 1) <10 10>, 17
FE = AN (7 T (E R SRR ] S O 17 i
R, 4y U ) BPD KAER#EH K. Ge Bk
=4 BPD (1) 3 R R T AR KT 443 T
HECK, WRAB IR AR S A, 1 Ge Ji T
PR T HURAE Si R T2 40, s S Ry 13 g
BOK, ¥ 2 W7 R BECR R0 B mBe. B, b
¥ G DR 45 3 AN B T B R R 2 2R BPD, WY 45
5 U5 IR TOH B
24 GeiZsSiC RAMERRE

H T RAE Ge $BAR iR I HE AR LS 5 & M5 24
Ji e s AR A, SR FH TR] — it T PR AS [R] 407 S 4 257 v 30k
ATHERTIN 5 o B b I TR V0V 48 B T NG
AT LR A ISP T N, T30 0 45 4% K il BT E 45
it EAT (006)FH (001 2) I AT SR M o AR 448 A1 Fr A o At
#HE2, 2GR

2sin(@yyg + Aw) = sin(wyy;, + Aw) 1)

T wpoe 1 @012 3 MARAE, - FH G W] DATH B HRE
100 1)T 5 I TR A Aw « &56% 1 FIE
5, AT LUFE 45 290 5 0 2 0 58 B 2K T AR B A,
KW Ge BRI N ERERIEH 2, FhAL: 5 Fh
NBE. JFH AT LU H(006) T 147 Hr A% £ B k),

LR AR b s SR

3 it

KH PVT KR EKE Ge 5% SiC fiAHF
W T ek s s, b Ge B4R E B 2
2.52x10" Jem®. $7 86 mapping FHEHT T RRAL
B b T 1R 22 B A0 AR AE R IR, Ge #5242 (12 i SiC
# PVT KA i 6H-SIiC /%[ 15R-SiC i Bl#E
o ¥RITT Ge #5245 [ A KA 25 T 1 22 R L1 [
PLES =AML 5 20% 5 45 TR R B, (006) T % WY
(AT RIS A BRI, B85 MR A& S0 K.
N T A Ge 54500 A AN 50 1 R B3 22 (1) 150,

. —=— Undoped sample
| —e— Later Ge-doped sample
—a— [nitial Ge-doped sample

5%10°
4<10°

3x10°

Intensity / counts

2x10°

17.76 17.80 17.84

w /(%)

El'5  Ge B2 FIARBHE i 1(006) 1 5 43 HF XRD FE42 i 2%
Fig. 5 HRXRD rocking curves of (006) diffraction peaks of
Ge doped and undoped SiC samples



1170

E LM OB )

#3145

N 2 ¥ S LR AR TBCHCR, (A1 H s A KR
T, M35 FUE =525 Ge $87% SiC ikt kL.

SE Wk

(1]

(3]

CASADY J B, JOHNSON R W. Status of silicon carbide (SiC) as a
wide-bandgap semiconductor for high-temperature applications: a
review. Solid-State Electronics, 1996, 39(10): 1409-1422.

ITOH A, MATSUNAMI H. Single crystal growth of SiC and elec-
tronic devices. Critical Reviews in Solid State and Material Sci-
ences, 1997, 22(2): 111-197.

SIERGIEJ R R, CLARKE R C, SRIRAM S, et al. Advances in SiC
materials and devices: an industrial point of view. Materials Sci-
ence and Engineering: B, 1999, 61: 9-17.

MEHREGANY M, ZORMAN C A. SiC MEMS: opportunities and
challenges for applications in harsh environments. Thin Solid
Films, 1999, 355: 518-524.

SHOR J S, BEMIS L, KURTZ A D. Characterization of monolithic
n-type 6H-SiC piezoresistive sensing elements. Electron Devices,
IEEE Transactions On, 1994, 41(5): 661-665.

UEMOTO T. Reduction of ohmic contact resistance on n-type
6H-SiC by heavy doping. Japanese Journal of Applied Physics,
1995, 34(1A): L7.

MADHUSOODHANAN S, HATUA K, BHATTACHARYA S, et
al. Comparison study of 12 kV n-type SiC IGBT with 10 kV SiC
MOSFET and 6.5 kV Si IGBT based on 3L-NPC VSC applications.
IEEE, 2012: 310-317.

HAMANO A, OHNO S, MINAMIDE H, et al. High-sensitivity
high-resolution full-wafer imaging of the properties of large n-type
SiC using the relative reflectance of two terahertz waves. Materials
Science Forum, 2014, 778: 491-494.

CHEN G, BAI S, LIU A, et al. Fabrication and application of

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

1.7 kV SiC-Schottky diodes. Materials Science Forum. 2015, 821:
579-582.

CROFTON J, BARNES P A, WILLIAMS J R, et al. Contact resis-
tance measurements on p-type 6H-SiC. Applied Physics Letters,
1993, 62(4): 384-386.

HEERA V, PANKNIN D, SKORUPA W. p-type doping of SiC by
high dose Al implantation—problems and progress. Applied Sur-
Jface Science, 2001, 184(1): 307-316.

DUIIN-ARNOLD A, IKOMA T, POLUEKTOV O G, et al. Elec-
tronic structure of the deep boron acceptor in boron-doped 6 H-SiC.
Physical Review B, 1998, 57(3): 1607.

KATULKA G, ROE K, KOLODZEY J, et al. The electrical char-
acteristics of silicon carbide alloyed with germanium. Applied
Surface Science, 2001, 175: 505-511.

ROE K J, DASHIELL M W, XUAN G, ef al. Ge incorporation in
SiC and the effects on device performance. /EEE, 2002: 201-206.
GHOSH A, VARADACHARI C. Theoretical derivations of a di-
rect band gap semiconductor of SiC doped with Ge. Journal of
Electronic Materials, 2015, 44(1): 167-176.

NEUDECK P G, POWELL J A. Performance limiting micropipe
defects in silicon carbide wafers. Electron Device Letters, IEEE,
1994, 15(2): 63-65.

SONG SHENG, HU XIAO-BO, XU XIAN-GANG. Growth and
characterization of semi-insulating SiC single crystal. Jounal of
Synthetic Crystals, 2012, 41(S1): 166-169.

HENS P, KUNECKE U, KONIAS K, et al. Germanium incorpora-
tion during PVT bulk growth of silicon carbide. Materials Science
Forum, 2009, 615: 11-14.

SCHMITT E, STRAUBINGER T, RASP M, et al. Defect reduc-
tion in sublimation grown SiC bulk crystals. Superlattices and Mi-

crostructures, 2006, 40(4): 320-327.



