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Abstract

A solution growth method is a technique in which carbon is dissolved to be oversaturated in a
solution that consists mainly of silicon, which is followed by taking a SiC single crystal from the
liquid phase in the dual phase region in the phase equilibrium diagram associated. The potential
ability of solution methods has recently attracted attention as sophisticated single crystal growth
technology that complements a sublimation method. In this article, using a wide variety of
computational materials science along with the remarkable recent progress, we review our
theoretical research activities on some issues for developing sophisticated solution growth processes
of single crystalline SiC, including the topics of (i) total energetics of nonequivalent hexagonal
polytypes for wide-gap semiconductors, (ii) compositional design in solutions based on the
CALPHAD (Computer Coupling of Phase Diagrams and Thermochemistry) method, (iii) fluid
dynamics analyses coupled with the CALPHAD for designing the growth furnace, and (iv) dislocation
dynamics during SiC single crystal growth.

1. 1FU®IC

MEHEE L OBRA DS R 2157220 3~ (Si) 12ftb 5
FETERE ST — TN A 2 MRS LT bEES (SiC) 2%iEH
ENTEHD, FHBESGER TIE 1990 FAI LD Sic
HAER OB EIT o CE&7 SiIC /8T —F /3N, AHFEH X
AU, Si (ZHEEEEREIL 10 15, BIIHEIE 1/100 f5,
BHE U BRI X 3 51 2 b 0 L DMAR B B Vs

WE, SiC HUE AT A (A3 2 FIH LGk
EWP TN b L, Si & TS & § 2 C Ok
F) wEfaRAEm S, SPERRER oM (Sic &)
SYBEEFEIRT, WAIRRED S SiC B A RS B & b

FAFETHD, KR TORENTRETHS I L, BT
ICEWEE T CTORETH L 7O M E LSR5 N5
TREPED D B Z L h, FAHEERE EMMMEE L 2T
SiC BiAG MR EFA & L CGEFFEHENE E > T b 29,

SiC #55ClE, FBEI (polytype) LIS 1 KILE
JEM#ETE (polymorphous) 2%, A AT=2K £ T 4
WE—IAERT 27209, FTEOMELE AT 5 HH;
SR OB EEREIAEE L <, S HICHER T THAS
MEEINDLZLHHELRY, VP RBREOL L EE
7 BRSO FE B AR CINEE MR R E R B 29, &
D7z, LY BB BEEREEEN O/ A BN E L, e
T BRI 20 & OMGET A2 ST E 72 49,

ORI IEAT  BOERERTER LB EEiE R WL (D)

TREFETHE 20-1

T 293-8511



BRE SIC BiERRERIMEEIL IR 12 Ot EMHR

—77, FIEMFEE (computational materials science) &
X, MEREo#E 7O ACHEET AR TN RET S
MY Ial—2a v EMORIT, N—Fr=7T, V7
P27 EF Ll E & 12, SH T4 2T
TEHIZBOTRLEART R 2MERIEY -V &k > T
% 19, FHEMEERMED B —21%, FEARN 2 PR EH) (5
HERD) Z2FIH LT, tRA 220 - BH A7 — LV OILFED
MEB S 25T AT THBIL, FESRN N TOZRE) = T
TAHIEIZKY, EERWIZE L OMMIERY S H L\ ik
FHIR 70 A& AIE T2 8 ThHLH, AT, &
W SiC Al SRR S AL 2 HIE LT To T &
TR EAERF B 2 8 H G oW ge sl 2 3 %,

2. T4 R¥X vy THERIE T ETEMERES
MOBENIRILX 5

IV %% (C, Si, SiC) & UV -V 1% % (BN, AIN, GaN,
InN) D7 A FF v FHEERIZ B S8 LT OMLE
i, EOEFHEEZET L2ZEMMEICE AT, &
HELRERDO—DTH b, AETIE, 3 20HGHHEY —
)V (PGA : Polytype Generation Algorithm, FPC-DFT : First-
Principles Calculation based on the Density Functional Theory,
ANNNI : Axial-Next-Nearest-Neighbor Ising model) O FlAfi#
WA, 600 JITEAH %8 2 2 Wl AN SIS e £ T8 O #
RIS T AL F — BRI I ERE, B, v Er s L7
FERZHET 5 9%

21 RUsA4 T EEFYHE

SiC #E & D 3 KICIAAHEE L, Si-C —HE (bilayer) D
BRIZX->TERENS (B1(), 2ok E, FEETH
DN TERIFRI AT AR T 2580 H 1), A

7H(1)  7HQ2) 7H@) 8H() SH(Q)

ERTIE, BARORES, MR ohicEIn sk
J&HAT RS R DREEDTE S ) Bo BRWEIZH SN
HIDE) RBI%RER) T 1 ¥ XL (polytypism) & -0,
HIRNER 7213 H35 75 21 4 D ST % A 5 4 7 (poly-
type) L\ 9. DL BR)F A TIE, T KXy v TP
BURKE R B IRFESAXEL RO, AINW R GaND? T LIE
LIS EBRIICEI S N 525, SiC TIRARICBIIBIA S <,
BEEEICHET LY, T2, AR T4 EXL %R
TEBHBEMEE LT BY2I9VIVIVBEET Bt
S EE 2O i BVPE & R 5 R AW EAE 1 (LPSO: Long
Period Stacking Order) i Mg &4 b iL4FiEH T3 19,

R YA TORENZRFELEEZH 1 () IZ7RL 72 Rams-
dell &, A=y MV BT ARG AR (L)
2, #&5R % A4 7 (H:Hexagonal, C:Cubic, R:Rhombo-
hedral) Z L 7-RKETH 5, ANhHmL=y buils
\F % ¢ Bl 7 O FF L IYEASH B T & 5 728 4H-SiC R
6H-SiC DFFLTLIXLIEFIH SN 575, il L=6 LLED
) & A T TIIAA A AN 2 (7] — i B RG e i 20348
BT 5720 (M 1(a), INSESEERLTELVEN
IRMERT %o

ANHREREHETIE, ZORBELS A BRI CO
3SHHOBBH AT 5 EDNLLASBN TV D, 2D
FEH O 725 DA ABC KL TH Y, Blzid2H
13 (AB), 3C13 (ABC) &L SN b, HAREK T T,
2H 13 hep (hexagonal close-packed), 3C 13 fee (face centered
cubic) [IRIET 52 L2 %, ABC LTI, A>B—C
—A— - (JAREOMDEL) L ACoB—oA— - (Gf
RO R L) O 2 FHDOEEY R LXY — 3B D ) %o
Hi&E % “+ (Up-spin) ", %#& % "~ (Down-spin) " & X IG S
BEEED Higg RElTh D 19, 2 DOKER & 2T

Notations for the closed-packed stacking sequences

ity along the c-axis in the unit cell

(ii) ABC notation

Different atomic positions in the closed-packed planes

(Ex.) 5H: ABACB—UDDDD
“ (iv) hk no (Ex.) SH: ABACB —hhkkk

SH stacking

h : Each layer with the same type of layer at both sides
k : Otherwise

1 SICICROhANAL—VY—RBEEEEZDRLE
(a) Schematic illustration of constructing nonequivalent stacking polytypes with up to the periodic stacking length of L=8.
(b) Polytype notations commonly used. Polytypes are characterized by a stacking sequence with a given repeat unit along the
hexagonal c-axis direction. Three different layers are often denoted by A, B, and C, corresponding to different atomistic
positions in the planes perpendicular to the stacking direction. These descriptions for nearest neighbor stacking result in the so
called hk notation'®. Another notation commonly used in the representation of stacking sequences is the Hagg notation'®.
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PO SND A 2 ¥ &SRR (Ising model) & OAHEDS
Bwizw, RIS ATOTANVE—GFHEERICLLIEL
RSN L FELEE 25 9

hep #3813 (AB) (AB)(AB) -+, M. )78 fee H1E13 (ABC)
(ABC) - OB SR SN 505, 1| DOREREIE X 125 H
5L, BIEIEmESE CEEOME (6 213 AXA,
BXB, CXC), & IMBEA L 2 EEOREH (Fl 213
AXC, BXA, CXB %) OB S NE T G h 5, HiE
DR X Z N EORE» SR A HEHE LT “h
", RE R ITEMEDBRE D DA TR & L
T "k (kubik : cubic D) " |ZXFIE S5 DS hk Kt & 7%
% 190, BlziX, H1(b) IZ7RT & 912 5H IX (ABACB) HifE
% & HDT, hk FLTlE (hhkkk) & E» NS, —EHTH
NTTERIEBRSE O "0 AR (n,) &R K
JETHiE (n) 12X LT, o,=n,/(n,+n) TEFRLINLEMF
&% “Hexagonality” & IF-5%, Hexagonality I&, K1) % A 7D
WHNHEEZZZ 52T, LIELIEIEFICERLR/ST A—
5 &b,

4H-SiC % HE#% &4 & L 72 TSSG (Top-Seeded Solution
Growth) T+, fEEMEFIZRY & A TR A L7261
2 12R T, REAIZIE, REMNZ SiC AR & A Tkt
T 5NN F¥ vy v 7T OFEREL SCHL 18) © TABLE 11
T 2L CH 7Oy MLV T 7 40R
LCw5, LED IZFI &5 GaN O X 9 7% TI-V &L
TIE, 7N ZEHERISE R E 2 H T LA KRR E
Kbaiido o> T, T3 AR Z 5 2 5B MED
ZALDS BRSNS Z 2 2SR CHIH LT B 1920,

=), M207 7718 T LHIZ, SiCTENY FFEx v

(hexagonal)

Growth _|
layer

Substrate
layer |

Growth
layer

Substrate
layer

(b)

E, (eV)

7% L Cifiv Hexagonality IRAFEDSERII S L0, 731
G DR R Fa e AR R G S B T REE O R & B L x
LOTHREMENHAH L ERIEBT L, EHIZT /N1 AfE
B A L — 3 g Y HOBRES OB CETHBELE
LSELINLDOREALBIL, YRR O BEE) T H
BN EI R ED, WL OPOFERRPHGmIIFERIZL - T
WMESINTVD 22, ZOXHIZ, SiC HESME Tl
MR BaL AR R EORBO MR ST, FIEEOR) ¥4 T%
BB BERBEHMOBSER TN AR L= a vho#k
MO EL DR 2272 P O filH b FEF AN O EZFRE L 72 5 C
W,

22 ANNNIEFILEFBLAERY 24 TOEIT X
X - A&
ANNNIEF NV &I, RV & A 7O~ Mo @R E
EHOAREER LAV v I TR O—FT, K1) &4
TOEIINF =% KNI L > TEPL S 629,

1 L
Etotul = EO - f; nZ:l ‘]n O-i O-Hn

(1)

ZZT, LIER)EA 7O ciEl, EdFOACT AV
F—, JAIEMMHEERHER T A VY7 RAE Y g 1200
Tld, BT CTiR~72 Higg ALz * 6 &%, ANNNIE
TIVIE, &IERTHR 5N 5S Friedel #8E8) (Friedel oscillation)
PSREE R B0 TlL, FRYWHEONORESE WG
BB EDPHSNTVAD, T2 THITT 5 IV 5325 1M1V
BRTA RE vy TEEROR) Z L TOEZANVF—D
e, mEEEEOREAHEIERIV NS Wz, Bt E
THERE L7 ANNNI ET VA LIE LA S5 242730,

Experimental data
T from Phys. Rev. 133, A1163 (1964).

© 1

50

20 30 40
Hexagonality (%)

0 10 60

2 4H-SiC # &R E L7z TSSG B @M EETCERIS N B3R 24 TRABIE/ND R¥ + v 7D Hexagonality 1&1FE
Typical optical microscope images for polytype inclusions during top seeded solution growth (TSSG) of 4H-SiC
(a) Stable epitaxial growth with polytype stability. (b) Unstable growth with polytype inclusions of 6H and 15R. (c) A plot of
band-gaps as a function of “Hexagonality” for seven SiC polytypes. The experimental values listed in Table Il in Ref.18) are

used.
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Frd, H1(@IRTRIIA TOELANVF—%FH
L, KRR L 5005 B, RN 2 L Tw5 9,

E, 11 2 0)\[E,,
Jo|l_1|2-12 3| E, 2
J, | 4l-1-12 0]l E,
J 0 -1-2 3/\E,,

ZZT, E, E/FE Theh, E—EHEHICLS 2H
RICKRVIATOETIANVE—THbL, ZOFENPHE
5315 ANNNI ETFIVDORY § 4 TOETANF—DIK
AR, C, Si, SiC, BN, AIN, GaN U InN (Zxt
LT, #NZEN, 07, 13, 27, 03, 29, 1.1 K" 12%%E
FEThDH I LDFADIFNTHHIIHERE SN TS 9,

—J, NEMMiRRY 5 A TOMHEE, 525N EIIc
xF U CHRE BRI g % 7280, RN AR LB D
i (PGA) 122V TIE, FICHRFARPHFH L > TR
A EINTETNE D, @, £—FHHEFHE (FPC) %
ANNNI €7V &R L 72 BEReT <ld, FEBRMETINIZ 2
MPoTWAEREHEEZ Yy 77y T L2 EF VAR THED
1T, Hexagonality &L RN T —&H D WIIEFHEE L
OYHEMBED R SID 2 LD H o7z 22790, PGA % H)
UL, B A il 2 e B AR 2T % A2 | AT
TEL7:0, LVILKELER) 74 TOHELET AV F—
ORI % FEAICHIZ C X A TTREMD D 50 REITIE, i
I2#%HL PGA, FPC-DFT, ANNNI @ 3 DOH 1Y —
VEFIHLC, ANEMERLSTORENZHEE AV EF—%
SARACEHE, B <oy YU LR E RN,

23 KA TOENITXILE -5

BE—FHHETE (GGA, FHIMER, YV TV 7 MR
TUUAN) LT, 2H 5 8H F TOLTOAZEARE
EtEE (15 ) oS RELE T 5720 SO RDO—
Hx, MEHOL)ICE=0EEE TEEE L/ ANNNIET
WICE R L, I L=30 F TO 4 T OASEAMAEEHEE
(6209704 Fli x 7 fLEW)) OETANF—ZEH L 72, 22
TIEEIZ, RO Hexagonality & & HE 2R & AoV
F—OMHBEICOWTHRT 5o

3(a) I2ZNZNDILEWRIZHB1T % Hexagonality (a,,)
CUTTIEHEIREE (¢/(na):3C TIZHARME N2/3=0.8165 & &
%) ORRERT . AR AT (Covalency) DR TIE
o DRI L CTHCIBIZIEAR, A 4 > 1% (onicity) @
BRVARTIIBIERMER RO S, 2D X)) %o, Lilid
BB OMICAREE, WP TER (@), REREETERK
(o) R TFHE TR (V) IO R2ZENTED (2721,
Si LU SICARIZBIT 5 g, &V, OB 9 X3 (b) 12,
X3 (a) DEE & 2H3C DT ANV F—#E%2 7Oy b L
72D THbo A4 DS IEEEDILAMEATSRIZ
L CIEFICHVRIEES RSN, BESEoET R
F =MD 0, DEACITIE T B i i 52 B O U & 5

| | | | |
T T
0.830 T (a) Covalency
0.825
0.820
«
E e
< 0.815
0.810
0.805
AIN 0
0.800 1 f f f T
0.0 0.2 04 4H 0.6 0.8 1.0
3C Hexagonality 2H
30 t } t t } t
L C
2 (b) Covalency o
—_ T BN l
E 1 ©)
E 10 + O Si |
z L
E 0 O SiC
g 1 1
“,] -10 + InN O~ GaN +
= |
= 20
1 Tonicity |
AIN
-30 t } t + }
-0.020 -0.010 0 0.010 0.020
k

c/na

K3 H—RESHETESND (@) 71 K¥ vy THERKIC
H7 % Hexagonality & EXtERIIERE (c/(na)) DRE
%, (b) B (a) DEMRDIEE (k(c/(na))) & 2H-3C fH
DEIXILX—ZDHEEAE

(a) Optimized ratio ¢/(na) as a function of hexagonality for

C, Si, SiC, and llI-V nitrides within the present first-

principles (FP) calculations. (b) Correlation between the

FP-calculated 2H-3C energy difference and the slope

constants of k(c/(na)).

WD H 52 EERL T\ 5,

BE—FHE O EE, ANNNIETIVICHET L &
&Y, B4R T L) o, ST 2REEEOT L)L
F—v v IOMELRFEISHELN S, 4() 1213 SiC
RTOHI%, (b) IZIZETOIEYRTO~Y Y ¥ Y 7 ORRF
R L7z EOLEWARD 3C-4H2H F R = AL
DI ANVF—FFHITITINE 5, HHEKEGEOHRRIZ
3CFifE (0,=0) PEEIRETH Y, 14+ GOV FR
T 2HTEE (o,=1) PIEEIRREL 20 %0 F72, HFHE
HEDFRVRD S A F VHEETEORGRE T, FS 2 HulIC
S5 L) ICETEO T AN F— A SZELT 52k
»orhn (F40))s

PRV O, EEHEEEORVARTIHE, 0,05 4H
HE) ICHS 2R T ANVF BN ENLZ ETH S,
Zo7z0, WMEHEDHNMRE Y A SiIC AT, 0<0,<05
DL DREBLEA T AN F—IIIEITHHE L 2% 2
TAHIEIC D, 12720, Gxoh/R )y A4 TORM L
WX LT, REMETHLES N A RKIREEO R R Y &
A TPBZ Ao THBY, TANF—ED/NE 7 SiC R
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5 PH g
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Hexagonality
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Covalency

(b)

40+

30+

204

104+

L Tonicity

04 05 06 07 08 09 1.0
Hexagonality

0.0 0.1 0.2 03

X4 ANNNIEFILDSELNZIAEMARY 21 TOIRIVX -~y T

(a) SiC DiFE

(b) #4571 R¥ v v THBHEDIZE

ANNNI total energies of the non-equivalent polytypes for (a) SiC and (b) all materials considered are plotted as a function of
hexagonality. Energy is measured from that in the 3C stacking configuration.

a:io‘wf%), BRI R ¥ 4 TRIROEE 2 5
2iERoTnb L) THSD 9,

SiC & T, 4H, 6H (RAFiTIL6H(?2)) L 15R DR
¥ A4 THRERREEBR TR LIRS (M2), LoX
) F A THREIEIRFETH B0 & V) ) B — R T
LLITLIX TN TE/2D, TNHDOR) Y A4 TOEL
ANVF =L, B FHERIC L A RERRIIE TEL (
4@»“”’&C%®$ﬁmﬁﬁﬁmi o NEHZ
FTHIENVRBEL -2 LD BT A E R ﬁﬂﬁ‘%
BENZIRTA RE Yy FPEEERRERMCH L L
IRIEE NS,

BROE =Y & HIBARIS -

EEFA L 87
SiC B ELIZ BT, iﬁi&i@*ﬂﬁi%'l‘i HA
D JUGHERS R SUSEREN ) O30IRAS, 25 L 72 SiC Hsa iR
@tb@ﬁﬁﬁ,&ﬁfnkxmﬁa~E%&&6 PN
Tl&, CALPHAD %9 ZFIH L7225, R ICH
F &S Cr-Si LU Ti-Si {8 9 O BN 70 20 =ity
RN ZEDMHEIZOWTHNS ¥, F72, FEER 3 RITH
FLBHENT & CALPHAD #:% 77 v 7)) ¥ 7 &7z, HHWO
SiC AT HEREN D O WHIAL %8 U C, AREDREIFRETO X
I T O ARFHIY, HAREAHRMALY 5 2% R
ZEERBIRT D B,

3. CALPHAD

3.1 Cr-Si XU Ti-Si AE D EIRRER & RIS K

X 512, SSOL4 B JJ2ET— & N— 2 3 ZFIH L7z Cr-Si-
C KU Ti-Si-C Bl OFHHEIREN L R T ZOFMETHET
I¥, TQ-interface 74 771 ¥ ZFIH L 720 7272L, AR
HEMZAND SSOL4 7 — ¥ N— ZADERMEIIEENH T )
BWboTlER <, wEOWZEIC LU RFEBEEEIZ OV
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TIFRE GBREHMIL T2 2 EASHEAL T 5 %),
TIEAD Cr ] U Ti RN — 81 2230 313, iR
TORFZEREOHE KT M-7-2b0THY), EE500H
DIRINED L 2 D12 2N T, FATEISATIREE K R LA
T5ho LL%GAS, CrATld, CriffEd Xhinsgs
& (W + 79774 ) O AT AMEIRANIZ BT L,
BRI TGS 75 7 7 A ML 5] g
PEARIET 5. —F, Ti R Tl TiEEOMIMIMEN (f1§l
H+SiC+TiC) O =AHMFEIA jeZFRIE M S50,
FREEHIAR & 50025 TilRET, W&ESUGA TiC AT %
b9 %, EBEIZ, HAHREORERMERBEEIZKD) L Tw
% Cr AT, (ﬁfﬁl‘fﬂ!ﬂw)j(% AL S, S512
TR DR EBZALEUE S EERIIHER SN T 5 4D, I
i, RO RE R ZWEEO S 5 EFT
i, BREMERSOM S 20U S E S LB R T L 2 RIE L
TWwh,

3.2 FREBRD SIC i RICEEH

B U DSOS BRE 2RI L B9 5 & 3 4 Wilson-
Frenkel it LD MFL A DELLTIL 3D, FEREO SUSERE) ] %
BT 2 2 EDSEEE % Do Gibbs HHIT A )L F — % HLHf
T — & N— A &35 CALPHAD 03, B4 2B
O SiC HTHERE ) OF M S BEIATZ 50 K612, FKAD
LI LIEFH§ 2R To, SiC AT HBREN ) o0 £ 2 i
<Y TEIRT P, Si:100% DR (K6 (a) 12, Ti
F (K6(b) KU CrA (H6(c) TI&, [Al—pr IR fHIE
TORICERE IO AP RSN 5, FilZ, CrRTIEEH
fIFITHIE C OB I DI RAFEZE TH Y, Cr RBETD
%ﬁ&ﬁ@ﬁﬁ%%?ﬁoit,:h%@@ﬁ%f@

WX A BRE I EERSETHE FA) TH Y, FW—i
%ﬂﬁfu AR E DS LS 2 B 22T, BREIDHIC

(i
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SSOL4
Cr addition
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Temperature (C)

Temperature (C)
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e
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Carbon contents
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0.3 0.4 0.5

Carbon contents
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0.4
Carbon contents

0.5 0.6

02 03
Carbon contents

0.4 0.5

5 SSOL4 F—a~N—XzFHAELE Cr 2RV Ti RBEOETEIREX
Calculated phase diagrams as a function of Cr (upper panels) or Ti addition (lower panels) based on the SSOL4 thermodynamic

database
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1.05 4

1.04 A

1.03 A

1.02 4

Super saturation [=X(C)/X (C)]
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1950 2000 2050
Temperature (Celsius)

1900 21001900
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Temperature (Celsius)
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2050 21001900

X6 3EFEDNEKRR ((@) Si=100, (b) Ti:Si=22:78, (c) Cr:Si=44:56) TO SiC thHEFEHNESE~ Y 7
(c) 1213, M7 (c) DEBIICE->TEONS Cy RBETOAZIAZARY 7Ty MEEIZH T EREREAE TOEREHA

ovarbiRl

Contour maps of driving forces (in meV/atom) for SiC precipitate as a function of temperature and carbon super-saturation in
(@)Si=100, (b)Ti:Si=22:78, and (c)Cr:Si=44:56 solutions. We have also plotted the positions of driving force at the solid/
liquid interface during the flat and meniscus growth modes based on the computational analyses depicted in Fig.7(c). All
calculations are performed based on the SSOL4 thermodynamic database.

R EDEEACD A TND, 2D X % USEREN ) O
JEIRIE, R DE N X DM FEE, BRI R O E
EERTHOICHFIHTES 9

3.3 #umEh#EtT & CALPHAD =D Ay T >

PUBERB /I OIEIRIZ, Kk~ ZHIEEAN BSOS OB AR 72
7%, Z ORI E im0 b T E AL 73 A7 O AL
SWEETH B0 T DY THRZRITED, BILEHAT &

CALPHAD Dy 7)) » 7k 72 b ¥, BN ERIZLS
SiC Hifah B C o E I FFE A & ) InEE 17 - 7235
B, BRI O—L I NAREL, BRREICRE R
a2 5 BRREDET, MaRERESREOY—4%
PR T 2720121, AR O 53 A e T B oA % w5 |2 il
T VBN DD EIREEOTECHE % HEET 5
C E IR A DL T2, BAEE TOVIC X BT
Meen, Frld, BHEIFNOT AT & 7-IEE
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(a) Thermal and fluid-flow analysis

Temperature distribution

Fluid-flow and C concentration

(b) CALPHAD analysis

7 HIBADRICEREN ) £ FIRET B 720D (a) BhimENEEMT,

H AR (TE) OEGEFREmAEDXFBEME S DE:E
(@), (b) CALPHAD analyses for driving-force distribution in growth crucibles assisted by three dimensional non-steady-state
thermal and fluid-flow simulations. (c) Distribution of carbon super-saturation around solid/liquid interface simulated for the
conventional growth mode (upper panel) and meniscus one (lower panel).
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Energy unit is chosen to be ub%/(4mr31-v)) and ub?/8mr? for edge dislocation and screw one, respectively. (c) Comparative
plots between simulated and experimental*” conversion ratio of TED.
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Simulated dislocation conversion ratio of TED with three

types of burgers vectors. Average conversion ratio defined

by Eq. (13) is also listed.
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