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Abstract In this study, a heat treatment experiment was conducted to select a new melt composition that can easily
control the unintentionally doped nitrogen (N-UID) without degrading the SiC single crystal quality during TSSG process.
The experiment was carried out for about 2 hours at a temperature of 1900°C under Ar atmosphere. The used melt
composition is based on either Si-Ti 10 at% or Si-Cr 30 at%, and also Co or Sc transition metals, which are effective for
carbon solubility, were added at 3 at%, respectively. After the experiment, the crucible was cross-sectionally cut, and evaluated
the Si-C reaction layer on the crucible-melt interface. As a result, with Sc addition, Si-C reaction layers uniformly occurred
with a Si-infiltrated layer (~550 um) and a SiC interlayer (~23 um). This result represented that the addition of Sc is an
effective transition metal with high carbon solubility and can feed carbon sources into the melt homogeneously. In addition,
Sc is well known to have low reactivity energy with nitrogen compared to other transition metals. Therefore, we expect
that both growth rate and Nitrogen UID can be controlled by Si-Sc based melt in the TSSG process.
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Fig. 1. Cross-sectional optical microscopy image of a graphite
crucible inner wall reacted with Si melt at 1900°C for 2 h.
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Fig. 2. Cross-sectional optical microscopy images of Si-C reaction zone in crucible inner wall depending on the melt compositions,
(a) Si, (b) Si-Co, (c) Si-Sc, and (d) Si-Ti.

1.2 4

-y
=]
1

o o
1

Thickness(mm)
o o o
EN

o o
o N
1 1

Si-Ti-Co  Si-Ti-Sc Si Si-Cr-Co  Si-Cr-Sc

Si-infilterated layer

Thickness(mm)

Si-Ti-Co
SiC interlayer

Si-Ti-Sc

Fig. 3. The measured thickness of (a) Si-infiltrated layer in the composition groups B and C, and (b) SiC interlayer in the composi-
tion group B.

1%

24 A7t Zol 7hgo]l 8718k SiC interlayers -4
ol #Lgh). Si-Ti-Co ZART} Si-Ti-Sc TANM 2
J¥E SiC interlayer F9°] °F 20 %7FF © F7%

o2 Yelth o= Fig. 1914 vehd A7} fAF
Ao HoleHl, St Codl 2fol& F T A3

| 9130 Fig. 49F ZFo] Scol H7He 752 A=A

2 Z9(Si-Ti-Co) E7H-85& AWS HlwiEA 3813
ok 2 A3, Scol H7FE A, =R Ui HEs o
2} SiC interlayer®] 717} Wl stdshA A=A
u, BHHE Sco]l H7KEA] 9= 739, SiC interlayer +
A7F =7R Wi ol wet ggten, 3k SiC YAt

L ol

N
2 & 1S o

(a)Si-Sc

T

(b)Si-Ti-Sc (©)Si-Ti-Co

2 3

Fig. 4. Cross-sectional optical microscopy images of SiC inter-
layers above crucible inner wall after reaction with (a) Si-Sc,
(b) Si-Ti-Sc, and (c) Si-Ti-Co melt compositions.



Study on the characteristics of transition metals for TSSG process of SiC single crystal 59

0.104 —
0.09 4
0.08 4
0.07 4
0.06 4
0.054
0.04 {
0.03 4
0.02 4
0.014

0 I | L L

T

T T T
Si Si-Co Si-Sc SiTi Si-Ti-Co Si-Ti-Sc¢ Si-Cr-Co Si-Cr-Sc

Carbon concentration (%)

Fig. 5. Distribution of carbon concentration dissolved by various
melt compositions.

7F Hldsl EEsiaL e AL g1 o)E Fal
Sc ©] Si-C W22 #dsk FAste] &5 U &
2 FES U AR A 7 US AoE 4F¢
ot A7 =2t A A3E FHsHAE, Sic @4
% TSSG &4lA &8l thge] Cr Al Se& FHA
3at% o H7tske Aol C §3le H EEEE Al
179 3, o vopt A = 529E AT
Rormz IFA SiC HEAA A axEd Ae=
of At

Figure 5& BHAaSHiA AxE 7 24 2539 A
3l gfZolt}, Si-Co EE Si-Ti RS B%F C F=7f
oF 0.01 % AE F=0]AL, Si-Sce o|HU} 44 U] =
S °F 0.04 %= YEPHSH, Si-Cr-Sc S50 E3hd

C &7t 0.07 %= 7P w2 FXE BT Sola
%, Si-Ti-Sc ZAJollA Sco] 7=l e B3l
C 57 9F 001 % 522 YETth 1 olf+& Si-
Ti-Sc &7JollA] Si-infiltlated layer®} SiC interlayer
A7} Z42F 1,400 pm 2 21 pm FEOE A FAL
Ao Hol Sco& <3 C §3l=e 7l 83l
H B A oR g8 il AT EEsHA| Hakal
T -85 AN Si-C 3F3HE 2 SiC interlayer
PAol 2AHAS 5 5 Atk ©asA A,
Cro] Sc Hr} g g3ll&o] oF 20% O =4t tvh,
oA A biel o] Cr MR I8 ¢ gElert &
A3 F7kete] SiC AEC]l AUAA EeAl= A
N-UID7} Cre] #7Fe 24X = w9 =4 vepdoh
= S IS o, diF R HAs) vhgAdo] B
2 Sco] IZFEA SiC TSSG ¥4 ¥ AP o=
=al=

2

4.4 £

Lot A4t A4S Adse EXg Age AAET
AFL £% 99.999% Ar 71914 1900°C &L=
oF 2417k FoF gL &8 A4S Si-Ti 10 at%

T

o

T Si-Cr 30at%S 71ROR H, vA gelwe] &
A olHME FAet HhgAJo] B Co EE Sc Hol=
&9 Mesle] 247t 3at% F7RITH AP F, =7
g wul Jkgsle] m/R]-88E AWM sic g
= Zaial vl BAEnh 1 43, Seg H71
S o P Be Bk geest #28 Si-C ¥heEo]
& s dagiA AgE F=
¢ 240] Cr thee® 7MY w2 ¥k 83i=s 2t
=

K

[)

g o] #AsH o]HR Aoz HRIth ESH Sc
Cr == Ti thH] AAe} dhgAdo] wouz TSSG 34
A A= 2] 2 AA EPFEE AAIS
o, AxHog Ot o 1EZH SiC ©Ad v
o] T Fog =Hr} B A1E BEUE IFF ScS
A7V Z=AS ARR3le] SiC @A TSSG 34<

stal, 1o WE AFE FUHCE Big Algolt.

dAlel =2

o] AT ARIEAAUT-(MOTIE) AlghadFa7AL
A (KPP20001)¢] A& o} 3 =] AFHTH

References

[1] T. Kimoto, “Material science and device physics in SiC
technology for high-voltage power devices”, Jpn. J.
Appl. Phys 54 (2015) 040103.

[2] M.-T. Ha, Y.-J. Shin, S.-Y. Bae, S.-Y. Park and S.-M.
Jeong, “Effect of hot-zone aperture on the growth
behavior of SiC single crystal produced via top-seeded
solution growth method”, J. Korean Ceram. Soc. 56
(2019) 589.

[ 3] K. Murayama, T. Hori, S. Harada, S. Xiao, M. Tagawa
and T. Ujihara, “Two-step SiC solution growth for dislo-
cation reduction”, J. Cryst. Growth 468 (2017) 874.

[4] S. Harada, Y. Yamamoto, S. Xiao, D. Koike, T. Mutoh,
K. Murayama, K. Aoyagi, T. Sakai, M. Tagawa and T.
Ujihara, “Dislocation conversion during SiC solution
growth for high-quality crystals”, Mater. Sci. Forum
821-823 (2015) 3.

[5] S. Harada, Y. Yamamoto, K. Seki, A. Horio, T. Mitsu-
hashi, M. Tagawa and T. Ujihara, “Evolution of thread-
ing screw dislocation conversion during solution growth
of 4H-SiC”, APL Materials 1 (2013) 022109.

[6] K. Kusunoki, K. Kamei, N. Okada, K. Moriguchi, H.
Kaido, H. Daikoku, M. Kado, K. Danno, H. Sakamoto,



60

[7]

[8]

[91]

[10]

[11]
[12]

Seung-June Lee, Yong-Jae Yoo, Seong-Min Jeong, Si-Young Bae, Won-Jae Lee and Yun-Ji Shin

T. Bessho and T. Ujihara, “Top-seeded solution growth
of 3 inch diameter 4H-SiC bulk crystal using metal sol-
vents”, Mater. Sci. Forum. 778-780 (2014) 79.

K. Kusunoki, K. Seki, Y. Kishida, K. Moriguchi, H.
Kaido, N. Okada and K. Kamei, “Development of high
quality 4H-SiC single crystal wafers grown by solution
growth technique”, Nippon Steel & Sumitomo Metal
Technical Report 117 (2017) 49.

K. Kamei, K. Kusunoki, N. Yashiro, N. Okada, T.
Tanaka and A. Yauchi, “Solution growth of single crys-
talline 6H, 4H-SiC using Si-Ti-C melt”, J. Cryst. Growth
311 (2009) 855.

K. Kusunoki, K. Seki, Y. Kishida, H. Kaido, K. Morigu-
chi, H. Daikoku, M. Kado, T. Shirai, M. Akita and H.
Saito, “Development of solvent inclusion free 4H-SiC
off-axis wafer grown by the top-seeded solution growth
technique”, Mater. Sci. Forum 924 (2018) 31.

K. Kusunoki, K. Kusunoki, K. Kamei, K. Seki, S.
Harada and T. Ujihara, “Nitrogen doping of 4H-SiC by
the top-seeded solution growth technique using Si-Ti
solvent”, J. Cryst. Growth 392 (2014) 60.
https://www.wolfspeed.com/.

N. Komatsu, T. Mitani, Y. Hayashi, T. Kato and H.
Okumura, “Influence of additives on surface smooth-
ness and polytype stability in solution growth of n-type

[13]

[14]

[15]

[16]

[17]

4H-SiC”, Mater. Sci. Forum 924 (2018) 55.

H. Daikoku, M. Kado, H. Sakamoto, Hiroshi Suzuki, T.
Bessho, K. Kusunoki, N. Yashiro, N. Okada, K. Mori-
guchi and K. Kamei, “Top-seeded solution growth of
4H-SiC bulk crystal using Si-Cr based melt”, Mater.
Sci. Forum 717-720 (2128) 61.

M. Kado, H. Daikoku, H. Sakamoto, H. Suzuki, T.
Bessho, N. Yashiro, K. Kusunoki, N. Okada, K. Mori-
guchi and K. Kamei, “High-speed growth of 4H-SiC
single crystal using Si-Cr based melt”, Mater. Sci.
Forum 740-742 (2013) 73.

S. Harada, G. Hatasa, K. Murayama, T. Kato, M.
Tagawa and T. Ujihara, “Solvent design for high-purity
SiC solution growth”, Mater. Sci. Forum 897 (2017) 32.
J.-E. Lee, B.-G. Kim, J.-Y. Yoon, M.-T. Ha, M.-H. Lee,
Y.-H. Kim, W.-S. Seo, H.-J. Choi, W.-J. Lee and S.-M.
Jeong, “The role of an SiC interlayer at a graphite-sili-
con liquid interface in the solution growth of SiC crys-
tals”, Ceram. Int. 42 (2016) 11611.

K.-J. Hwang, S.-Y. Bae, K.-H. Kim, Y.-C. Lee, J.-T.
Hwang, H.-S. Lee, S.-M. Jeong and M.-H. Lee, “Con-
trolled infiltration profile of SiC coating layer on graph-
ite by Si vapor deposition reaction”, J. Ceram. Process.
Res. 20 (2019) 169.



