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Abstract Large thermal stress due to the difference between silicon carbide and graphite’s coefficients of thermal expansion
could be formed during crystal growing process of silicon carbide (SiC) at high temperature. The large thermal stress could
separate the SiC seed crystals from graphite components, which bring about the drop of the seed crystal during crystal growth.
However, the bonding properties of SiC seed crystal module has hardly reported so far. In this study, SiC and graphite were
bonded using 3 types of bonding agents and a three-point bending tests using a mixed-mode flexure test were conducted
for the bonded samples to evaluate the bonding characteristics between SiC and graphite. Raman spectroscopy, X-ray
Photoelectron Spectroscopy, and X-ray Computed Tomography were used to analyze the bonding characteristics and the
microstructures of the SiC-graphite interfaces bonded with the bonding agents. As results, an excellent bonding agent was
chosen to fabricate SiC seed crystal module with 50 mm in diameter. An SiC single crystal with 50 mm in diameter was
successfully grown without falling out during top seeded solution growth of SiC at high temperature.

Key words Silicon carbide, Graphite, Single crystal growth, Interface delamination, Bonding agent

8 9 S 98 TAAAEES) Wse-5d 2 ARAR )

?:I.K%J*,**, 7|9-.%4*, AI'E"xI*, HHAI%*, XI'O:‘A**, OI%xH**, KQ-IAQ-“F_I*Y%
A2 712 WheA A e, A 52851

**Eo]q.]gll-‘l /\]/\XH S _,/],, )‘\_ 47340

(20221 8¢ 23¢ A

(202243 99 21 AAIehg)

(2022 9 22 AAEA)

J
4

2 % o] ©shatd AR ETH MM T Bt A7e] S AATY Aol = Qg dEo] AA AT &
Ao SAFANZRE ©slats FAF ] L FHol A Foll FAE ol HojAle EAZE B & ok ey ol2igk g
skt A8 2EY JEEA e d= dA7HA 7494 BaE vt glok 2 AolM e g5 7o 7%
5A4S ®Hrkstrl flal 31 FIAEH S §83 SAREAAAE (Mixed-Mode Flexure Test)S &3l ©3hta-5dS A=
OE JEAE A&ste] a3k AR & 5AS gelstar, S HF3A Y] nAlF2E 2487 flal 2beHE37d (Raman
spectrosc opy) XA FA 1]——?:-‘*% (X-ray Photoelectron Spectroscopy) 2 XA 4t} ©@&2-9H (X-ray Computed Tomography)

o
. o]a}—q_} 1_9] ;].Zé.% g}oq }v]tﬂfsl— zJ;‘d-Ho] 0/“—3} @zl—;qle ?4—9—01-01] ;<17:] 50 mm= o] 1‘;_};}%/\ —%X]—
£ AR, o2 T ARFAGAT IS 13Nl FH T TAYe) Qoo 43HoR A
mee] Bets BAYS

o Y. ffo
2

w ?-1:1 ﬂlﬂ
nﬁn °‘”
)
oo
ol

oZ: 2
H

S
3

*Corresponding author
E-mail: smjeong@kicet.re.kr



Mechanical evaluation of SiC-graphite interface of seed crystal module for growing SiC single crystals 213

LM &2

EF3}F4(SiC, Silicon Carbidey= XPAItH wh=x] 7]
ogx MENo] X d HAxAe] il Ay, o
A, 279 S8o] dast FeNies] 9 FALARE
o7 Jdg] ARGHL. ol vieA] 7138 S8 '
shtas @A APle 340l a7Eed, &
shtde] ©AA Ao Re E8]371da5 (Physical
Vapor Transport), “37-52} -84/ (Top Seeded Solution
Growth), 37-2-3}8}7 |42 (High Temperature Chemical
Vapor Deposition) 52| 378°] 7i¥=]o] Ivh1,2]. ¢
of €A% BE wehra GARAAHNE BB
4ol flL Fertdel e 7HdEAo] Fog 54
AAe] =7R](Crucible) 529 FA7F 3FHo= AL
Hu, SA42e] Gil(Lid) 3-& ABZE(Shaftyell &3}
T FAES A UE vahath $AAY ZES
AR Aol AFE wiAIste] sHtlARE 5
TE= 959 S Fall HEAHS A

A7l dAR AN 'shtA A8 &3
2,000°C ool aLgollx AAw7] el S st
Trae] AT Aol mE 'St A-SA HE A
HollMe] d-gHo) mE AHAE Aup % ulEel] o3|
SAH eshtd FAG0] Gebehe EA7F £3] HAsh
TH3]. Figure 19 5A3} ©tshta Aol vfgol] oJgk
TGN 3 o] wshta A g A

Graphite Part

Crack Initiation

Seed crystal & Propagation

Falling Down ™~~~

Fallen Seed
Crystal

Graphite
~ Crucible

Fig. 1. SiC-graphite interface delamination due to the CTE dif-
ference in the seed crystal module and a growth failure due to
the fallen seed crystal during top seeded solution growth of SiC.
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Fig. 2. Fracture modes of materials and mixed mode flexure
test for interface delamination.
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Fig. 3. The mixed mode flexure test of graphite specimen bonded with SiC; (a) Type A, (b) Type B, (c) Type C (Arrows indicate
the crack initiations in the SiC-graphite interfaces).
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Table 1

The mixed mode flexure test of graphite specimen bonded with SiC; (a) Type A, (b) Type B, (c) Type C

Bonding 1 2 3 4 5 6 7 8 9 10 AVG (kgf) SD
Type A 6.910 5.318 - 3.751 4.790 3.177 6.657 8.366 6.092 5.295 5.595 1.614
Type B - 9.590 8.499 8.920 - - 6.281 - - - 8.323 1.433
Type C 5.781 - 8.567 7217 - - - 5.319 7.688 - 6.914 1.346

- - - -original graph - - -original graph - - -original graph
- —— D peak - (b) ——D peak (C) —— D peak
=S —— G peak 5 —— G peak 5 H — G peak
L": 2D peak L": 2D peak < 2D peak
] ] ]
E E E " «"\.

/“"v‘. S 3 AL 4 N, \Zam, va“l \‘ (AR
A S I

T T T T T T T T
1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

Raman shift cm-1,

T T T T T T T T
1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

Raman shift cm-1,

T T T T T T T T
1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

Raman shift cm-1,

Fig. 4. Raman spectra of SiC-graphite interfaces bonded with (a) Type A, (b) Type B, and (c) Type C.
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Fig. 5. X-ray photoelectron spectra of SiC-graphite interfaces bonded with (a) Type A, (b) Type B, and (c) Type C.

Fig. 6. X-ray computed tomography of SiC-graphite bonded specimen and their SiC-graphite interfaces bonded with (a) Type A, (b)
Type B, and (c) Type C.
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Fig. 7. 4-inch SiC grown ingot by applying Type B agent and X-ray Computed Tomography image of SiC-graphite interfaces
bonded with Type B in 4-inch SiC grown ingot.
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