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Fig. 1. (color online) (a) SRIM predicted collision for the
SiC sample irradiated with 1.5 MeV Si; (b) damage profile

in SiC sample irradiated with 1.5 MeV Si to a fluence of
1 x 106 em=2.
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Fig. 2. (color online) (a) XRD result of virgin 6H-SiC; (b)—(h) XRD results of irradiated 6H-SiC at RT, the fluence

is from 1 x 104 to 1 x 1016 cm—2, respectively.
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®1 B EH-SIC W 1.5 MeV Si 2574 M5 i £ Wi fr S0 XRD ik H V0 2
Table 1. Damage peak position, strain and XRD swelling data in 6H-SiC irradiated by 1.5 MeV Si at RT.

e TR ;s XED #BRiK
HEE /o2 B i) mbEEegR R /% ¢
Damage/dpa Svolume/%
1 x 104 0.02 35.58 15.12 0.11 0.32
2 x 1014 0.04 35.47 15.17 0.40 1.21
5 x 1014 0.1 35.18 15.59 1.24 3.75
1 x 101® 0.2 34.89 15.41 2.03 6.22
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s VEEIEF 1% 1016 cm—2 B, 5 6H-SiC F1Z &
CVD SiC % HE i i i 2 1 A i+ — 2. FIA
BBl 1 AR A (direct-impact model) 201 %} & 3
i K & B B AR A AR AT LS A 0 T

H=DB(1- e ), (4)
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i K & B B, o A AR AR AR T, o 2 B IR VE
WEGERME3F LR, L RS 5
BB E8. WA SR ER 85 6H-SIiC
A2 & CVD SiC WA K & B & i, M
Snead 25 3 238 1) B % 6H-SiC F1£ & CVD SiC 1
60 °C '~ ¥ 45 R AE f Ak 2 5 B A A R 1% R A
Jib i 2R ) 45 S — 2 B g 6H-SiC 1 HE AL AL o
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AR (2.3 x 10716 em?), RITEHE T £ & CVD

SiC Lk # i 6H-SiC 7 2 58 2 (48 IR #5145 4 e E &b
1k, BIE R IR IAEE N £ 5, CVD SiC HE H. 5 6H-
SiC HHEf Ak BRE A B K.

250 — — aasi —r—
m 1.5 MeV Si #iifiH £5HCVD 3C-SiC
® 1.5 MeV Si Wil #k6H-SiC
200 -
o -—-——-—-—
9 - B °
g 7 7 E
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10t 0% 1016 107
JER ¢/cm—2

3 (MFIEM) 1.5 MeV Si B T4&ME CVD SiC fl
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Fig. 3. (color online) Swelling step height of CVD SiC
and 6H-SiC irradiated by 1.5 MeV Si.
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B, MR — PR, BRI 2 S, %
AN FAE ], Lin 28 P31 #1200 °C 11400 °C T
KA 5.1 MeV (1) Si & 758 8 5 SiC, 4R R4 8
20 dpa, K ILF|FH XRD Wl & 15 2 (AR R ik T
I FH 2 555 PR SO W 2 v 2 R R A R
PRRUIIK. Rk XRD % HE e i ) 8754 3 1
HEUEL A T 2 A e B TR B T P L R AR R A ik
MFERR SIS, BT FRESER T, PR R
TR R E, FE N R A4 45 R B AR — 3
XRD 45 i Ak 0 2 7532k B 14 R S 6

T E R B 4 s IR R R 6H-SiC [ S BR A
T AK A1 60 °C F 6H-SiC XRD /&R i ik 45 5, &
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BrER - MEEETEE T, RRES TER
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TR 3R B IR R R, Ok B JE S 0 TR B R SR
K, TR A R R AR R AT 0%, R RATTIA
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Fig. 4. (color online) Actual volume swelling and XRD

volume swelling in irradiated 6H-SiC.
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Abstract

Silicon carbide (SiC) is considered as one of the most promising structural and coating materials for advanced nuclear
applications, due to its low neutron capture cross section and excellent irradiation resistance. The difference in swelling
behavior between monocrystalline and polycrystalline SiC is experimentally investigated by heavy ion irradiation at room
temperature (RT). In this work, single crystal hexagonal (6H) SiC and polycrystalline chemically vapor-deposited (CVD)
SiC are irradiated by 1.5 MeV Si ions with the fluences of 1 x 10142 x 10'® cm ™2 and 1 x 10*®-2 x 10'® cm ™2, respectively,
at RT. The step height of irradiation swelling is measured by a white light interferometer and the lattice expansion of the
damage layer is characterized by using X-ray diffraction (XRD) spectrometry, in addition, the actual irradiation swelling
is obtained by dividing the height of swelling step by the depth of damage layer. The XRD profiles show that the lattice
expansion in the damage layer increases with the increase of irradiation fluence, and the new diffraction peak relating
to the lattice structure of damage layer disappears in a fluence of 2 x 10'® ecm™2, which means that the damage layer is
completely amorphous at this time and the threshold dose of amorphization at RT in single crystal 6H-SiC is less than
0.8 dpa. The direct-impact model is used to fit the swelling step heights of CVD SiC and 6H-SiC irradiated by 1.5 MeV
Si, and the swelling results show that the amorphization threshold dose of polycrystalline CVD SiC is larger than that of
single crystal 6H-SiC. In the present work, three distinct stages are found in the heavy-ion irradiation swellings between
monocrystalline and polycrystalline SiC. i.e., low-fluence region, intermediate-fluence region, and high-fluence region
stage. 1) In the low-fluence region, the swellings are similar to each other, since the swelling is mainly contributed to
by point defects in this region, and the micron sized grains in polycrystalline CVD SiC are of single crystal structure.
2) In the intermediate-fluence region, the irradiation swelling of the polycrystalline CVD SiC is smaller than that of
the single crystal 6H-SiC, since the irradiation-induced amorphousness in polycrystalline CVD SiC is relatively hard to
occur due to the existence of grain boundary in this region. 3) The irradiation swellings of 6H-SiC and CVD SiC are
almost the same at the high-fluence region stage, since the irradiation swelling is caused by amorphization in this region,
and the swelling depends on the difference between densities before and after irradiation. In addition, in the irradiation
swelling analysis of SiC materials, XRD swelling measurement method is suitable for irradiation swelling induced by

point defects, especially for neutron irradiation experiments.

Keywords: silicon carbide, grain boundary, amorphization threshold, irradiation swelling measurement
method
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