55 50 B3 8 R O % R Vol. 50, No.8

2022 4 8 J JOURNAL OF THE CHINESE CERAMIC SOCIETY August, 2022

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20220027

SiC H g A KR &y A ik

ft% AEA, TEE W wik. ¥ 8% BET, 0 BRI
(LR — AL SRR, WA RHIE R TR0, Frl 250100)

O SRR AL BRI AR A 5 2 AR AR i B B . SR B SiC AL KAIIUIR i
FGLE TR AT G . 7E 8x10% Pay 1800~2 100 CAEKILM N, HFiR M HM VIR FEB LG . FIRZIHE 2™ E
TIIER GMKEsh, I LSRR —ANEENT. 78 2x10* Pay 2 150~2 300 CHAKHKME T, RBFFMETFOOL
TERT ZA SIiC %, FFERIAG M s Ca AR R R X, HR ) R EAE B IR a & X, 1EW T &
Brift e O GRS . BEAh, XN A RER I AT AFM %2, RIHRIFEAER AR PG, XS
AR E R & B 3 5.

KHEIR: T BRIGEE; S SR SRR
hEHES: TB34 XEFERG: A XEHS: 0454-5648(2022)08-2239-06
4% AR AT E): 2022-07-05

Surface Steps and Micropipes Characteristics in Initial Stage of SiC Single
Crystal Growth

ZHONG Guanglei, HU Guojie, WANG Hejing, XIE Xuejian, YANG Xianglong, PENG Yan,
CHEN Xiufang, HU Xiaobo, XU Xiangang
(Shandong University, Institute of novel semiconductors, State Key Laboratory of Crystal Materials, Jinan 250100, China)

Abstract: The growth of crystal in the initial stage have an impact on the quality of crystal in the subsequent growth. In this paper, the
surface and micropipes morphology of SiC in the initial stage of growth was investigated by optical microscopy. At 8x10* Pa and
1 800-2 100 °C, the growth step appears on the seed crystal surface due to the atomic migration. Also, the micropipes seriously
disturbe the movement of normal step flow, and a circular pit occurs around the micropipes. And no polytype transformation occurs at
the micropipes. At 2 10* Pa and 2 150-2 300 °C, multiple SiC nuclei are formed in the center of the seed crystal surface. Obvious
stress regions appear near the crystal edge due to the existence of micropipes. The stress is mainly in the region close to the
micropipes and towards the crystal edge, indicating that the step flow moves from the center to the edge. In addition, SiC substrate
was also characterized by atomic force microscopy, indicating that atom steps with different orientations appear on the substrate
surface, which may originate from the step morphology of the crystal grown in the initial stage.
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Fig. 1 Surface morphology of the SiC seed crystal at 8x10* Pa and 1 8002 100 °C for 3-5 h
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Fig.2 Density dividing line of parallel step flow at the edge of
SiC seed
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Fig. 3 Distortion of step flow caused by micropipes
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Fig. 4 Raman peaks at circular pit formed by micropipes with
A, B points and nearby C point (The illustration is an
enlarged view of Raman at point “4”)
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Fig. 5 (a) Junction of three nucleation points in the center of
the sample B; (b) Side view of surface morphology at
the red line of Fig. 5a
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Fig. 6 Observe the steps near the micropipes at the (a) left
edge (b) upper edge (c) right edge (d) lower edge of the
sample B (micropipes are circled by dotted lines)
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2.3 HbyeHtEAY Si AR

T WIS SRR R T 2 P 5 A KR
BaMimpE et M —3FH PVT EEKR
SiC fnfE, FERT AT OIEI AL AU, RS
() ik VR R S C oI X FE i C 1Y Si EAT AFM
M, I SIC Ao JERAN [ X 38 5 B 14 5 8 0 ) 42
AHHFE, R 8 Fran. SCHA[101% SiC M=
AT T REEMIES T, HX CMP J51T)

Face-(0001)

0.0

SiC A JEAN FAL B 1 R & Wi 77 m F5E B2 IR S5
SiC A RO R 2 1 » SIC Ao JEEVE D 3k A% Hp 2 T 1)
ANEL B S AR ¢ il B 22 S BN E X k&
B BEAE AR . ISl B R ge, AL
KGR HBER GG T, XS]
IR T 2 W G B B AR AL . [RItk, AFM i
133 IFF R T G M TS AT Re YR T Rk i A K
WA G TEST .

RIMEMIEAA 0 AT LU BT 5 A 2 T8 1 f 1 o
BTG 0 MR/ —, BT DU B 7EAN
A7 E 1) SiC A Si T [ fli i) 2 K/ANA—1, Skt
B 9 Fior. xF Si M &M AT Rl &, 7
HARM)RKREA 0, R 1. BTN TR
ez, AFM MRS 21 0 [E7E 526 P,
Horp e i X 35 AFM B ()i A 0 X 38 AFML I &
Bl f3228 0.085°, HIL &I 58 BEFIE M EA ],
DR bt 5 B 14D 9 AR 1 AT B AN 5 1) Pl 22
AxR. & NOMBERITE, XA 0 N 0.09°8,
G TERE 159 nm, 5 AFM BB H IG5
B4 199 nm FEA— .

tan@ =— (1)

0.0 Height sensor 10.0 um

8 CMP J51t 4H-SiC [¥1(0001) T (Si T)EFH &M
Fig. 8 Atomic-level steps of (0001) face of 4H-SiC after CMP



FERR BR300

J Chin Ceram Soc, 2022, 50(8): 2239-2244

2022 4

B9 Si T G I HI B 2 R

Fig. 9 Theoretical structure model of atomic steps on Si

surface
Rz1 CMPFSiEARMENAH
Table 1 Steps at different positions of Si surface after CMP
Orientation  Position h/nm w/nm tand 0/(°)
<1100 > Up 0.360 188 0.001 914 0.110
<1100 > Center 0.323 219 0.001 475 0.085
<1100 > Down 0.325 199 0.001 633 0.094
<1120 > Left 0.355 240 0.001 479 0.085
<1120 > Center 0.323 219 0.001 475 0.085
<1120 > Right 0.309 560 0.000 552 0.032
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