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Sacking Faultsin 4H-SiC Single Crystal

ZHAO Ning', LIU Chun-Jun', WANG Bo*?, PENG Tong-Hua"?
(1. Beijing Tankeblue Semiconductor Co. Ltd, Beijing 102600, China; 2. Xinjiang Tankeblue Semiconductor Co. Ltd, Shihezi
832000, China)
Abstract: Thenitrogen doped and unintentional nitrogen doped 4H-SiC single crystals were grown by PVT method
on the C-terminated 4H seeds offcut by 4° from the c-face towards the <1120> axis, respectively. Optical micro-
scope was used to investigate the characteristic of stacking fault defects and the effects of nitrogen doped onstack-
ing fault defects in 4H-SiC single crystals etched by molten KOH etching. The result shows that the lines of the
basal plane dislocation defect of the 4H-SiC wafer surface are corresponding to stacking fault defects in 4H-SiC
single crystals, and the direction of the lines is parallel to <1100>. There are more stacking fault defects in 4H-SiC
single crystals doped with nitrogen than that of unintentional nitrogen doped 4H-SiC single crystals. This phe-
nomenon is consistent with published literatures in which high concentrations of nitrogen caused the formation of
stacking fault defects in 4H-SiC single crystals. However, there is no stacking fault defect in the facet area for ni-
trogen doped 4H-SiC single crystals, although the nitrogen concentration in the facet area is higher than that in the
other area, which is presumably due to specific crystal growth habit in the facet area of 4H-SIC single crystal.
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Fig. 1 Schematic of wafers sliced from grown crystals paral-

lel and perpendicular to the (1100)
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Fig. 2 OM image of the position Q of Si-face of the (1100)
wafer etched in the molten KOH at 500°C for 20 min
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Fig. 3 (a) OM image of the point S of side face of the etched
(1100) wafer and (b) OM image of the point T which is sym-
metrical to the point S of side face of the etched (1100) wafer
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Fig. 4 (a) OM image of the end CG of DCGH face of the
etched (1100) wafer, (b) OM image of the end BC of ABCD
face of the etched (1100) wafer and (c) stitching OM image of
(@ and (b)
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Fig. 5 Characteristic of stacking fault in SiC crystal
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Fig. 6 OM images of the different positions of the etched
(0001) wafer

BEER R, WOB BRI A A (N) A /N T IX 3 7 HE
JRRE IR KT AR B R A KIS AR ADBE, Py T %
AR SIC SRAFE—NAEK/N, BT AL
(A R T, A I T X3 Rk B 8 v T AR/ T
X3 SR B o AN [R] T 38 0 SRR OE 1 B B s
5 S E R 2 p 8 K STt g SR RO
EAR S A /0N T DX 380 1) O B v T AR /N T X, (H 2
FE/NTH X S R WHERE R B fE . X FERHT
SIC i A /N DX AN E /N T DX A > AN [R5
), AR, SIC SR/ X Ik & By
SERIANE T HE/NET X, AT AL & B e BEAR TR
T DX, @A 1 AR SR, ST R TR
/NG X A1) Takahashi 45120 b Ji 1 45 M BE 70 43
AN, 4H-SiC 11(1T00) [H +2 HH (3304) #1(3304) . Ji7 1
JZAH I . #E(3304)F1(3304) R T )2 1) — 4 Si-C
JZW, H S-CAFE MNP A E H g EAHIT AL E
HEBR JZEE I = A a2 R A B AR AR R e A
HEFEY . SIC G # B BE 7 R A R ) 2N
(1T00) 1, /NI FEE R 1 ARG ER S
WM AEKB, SIC EAsHESINT LLECA Z M Ak
Gl A AL ok . Ha2, EAE/N XA S B
WHIRSE, G & BB LA 21508 A 5 &
& W00 T A7 8 K R 7 S ) L R R fr e B 12,
Ko FE SIC MG HELEIUT I A HE, AT 5] R

WZEEER MG . L, BT SIC AR/ X R I
AR SR BUS B /N X IR B v R /N X
S, EARAE/INTHT DX I R L B B S A G

3 it

IS AH-SIC it rh SR 2 B I A
FOBEGC, RBL AH-SIC i Fr 6 15 7 T b b
By 2400 1 T 8 o MM R R B, EL i
7 PATT<1T00> 77 il . /N X S35 22 Ko
R M R T i T R RIB J A K
JUEFEIB 2R K SIC BTN X S LR FE
FARNT XK, B E PN [X 75 77 76 4 44
R, X TR T SIC S/ E X
ANTET X SRR A K ST S 30

S ik

[1] 2R, XFR, T B, & AN SRR 5 AR
YR . N LR SR, 2012, (s1): 234-241.

[2] PENGT H, YANG H, JAN JK, et al. Factors affecting the forma-
tion of misoriented domains in 6H-SiC single crystals grown by
PVT method. J. Cryst. Res. Technol., 2009, 44(4): 357-362.

[3] CHANG SHAO-HUI, LIU XUE-CHAO, HUANG WEI et al.
Preparation and properties of lateral contact structure SiC photo-
conductive semiconductor switches. Journal of Inorganic Materi-
als, 2012, 27(10): 1058-1062.

[4] ZHANG FU-SHENG, CHEN XIU-FANG, CUI YING-XIN et al.
Defects in Ge doped SiC crystals. Journal of Inorganic Materials,
2016, 31(11): 1166-1170.

[5] WANG B, PENG T H, LIANG J K, et al. Characterizations and
formation mechanism of a new type of defect related to nitrogen
doping in SiC crystals. Appl. Phys. A, 2014, 117(3): 1563-1569.

[6] LIUCJ CHEN X L, PENG T H, et al. Step flow and polytype
transformation in growth of 4H-SIC crystals. J. Cryst. Growth,
2014, 394(3): 126-131.

[7] SUN W, SONG Y T, LIU C J, et al. Basa plane dislocation-
threading edge dislocation complex dislocations in 6H-SiC single
crystals. Mater. Express, 2015, 5(1): 63-67.

[8] PENGTH,LOUY F, JN SF, et al. Debye temperature of 4H-SiC
determined by X-ray powder diffraction. Powder Diffr., 2009,
24(4): 311-314.

[9] LIUCJ PENG T H, WANG S C, et al. Formation mechanism of
type 2 micropipedefectsin 4H-SiC crystals. Crystengcomm, 2013,
15(7): 1307-1313.

[10] LEONARD R T, KHLEBNIKOV Y, POWELL A R, et al. 100 mm
4HN-SiC wafers with zero micropipe density. Mater. Sci. Forum,
2008, 600-603: 7-10.

[11] LIU J Q, CHUNG H J, KUHR T, et al. Structurd instability of
4H-SiC polytype induced by n-type doping. Appl. Phys. Lett., 2002,
80(12): 2111-2113.

[12] KUHRTA, LIU JQ, CHUNG H J, et al. Spontaneous formation
of stacking faults in highly doped 4H-SIC during annealing. J.
Appl. Phys., 2002, 92(10): 5863-5871.



544

I

33 %

(13]

[14]

[15]

[16]

KATO T, MIURA T, WADA K, et al. Defect and growth analysis
of SiC bulk single crystals with high nitrogen doping. Mater. Sci.
Forum, 2007, 556-557: 239-242.

OKOJER S, ZHANG M, PIROUZ P, et al. Residua stresses and
stacking faults in n-type 4H-SIC epilayers. Mater. Sci. Forum,
2004, 457-460: 529-532.

YANGY, GUO J, GOUE O, et al. Experimental verification of the
model for formation of double Shockley stacking faults in highly
doped regions of PVT-grown 4H-SiC wafers. J. Cryst. Growth,
2016, 452: 35-38.

KATSUNOM, NAKABAYASHI M, FUJIIMOTO T, et al. Stacking
fault formation in highly nitrogen-doped 4H-SIC substrates with
different surface preparation conditions. Mater. Sci. Forum, 2008,

[17]

(18]

[19]

[20]

600-603: 341-344.

GALECKAS A, LINNROS J, PIROUZ P. Recombination-induced
stacking faults: evidence for a general mechanism in hexagonal
SiC. Phys. Rev. Lett., 2006, 96(2): 025502.

PIROUZ P, ZHANG M, HOBGOOD H M, et al. Nitrogen doping
and multiplicity of stacking faults in SiC. Philos. Mag., 2006,
86(29/30/31): 4685-4697.

HERRO Z G, EPELBAUM B M, WEINGARTNER R, et al. AFM
investigation of interface step structures on PVT-grown (0001) Si
6H-SIC crystals. J. Cryst. Growth, 2004, 270(1/2): 113-120.
TAKAHASHI J, OHTANI N, KASTSUNO M, et al. Sublimation
growth of 6H- and 4H-SiC single crystals in the [1100] and [1120]
directions. J. Cryst. Growth, 1997, 181(3): 229-240.



