SC vheAlE= S e (=832 eV)= 7KL &2 HA
el eJgh WheA] 2717k, W Y &4, Rk
e 7THER S 2] Ao FAREQl 250°C Kot

AR 2 2520 300°C-500° C7EA o A & ARg-e] 7
T ke AEAE  Jo] S kA 549 gl
wE A0 E 7ol v, dES FHCE SC
AR 7)go] FEE I SC 7|9 ARS-g Al FAI ]
53 JE FAloIth

wakA FjEe) § Al AS, o2 SH AER} A7
Hﬂoﬂ Aga rrﬁ, DR »z,w] wo i

<] ”e“’é“’ﬂ W gzt Al E‘J & s & —’F A01A AA
HJA A =H o] 29, FEs 2 LEEIIE oF 7 vk
o)Z A Al ZH), A7), stolEe = A}, B
A, 9173 Alz=E, B4 B Elold 52 A el v

Nano-tech Resin KA-100
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Fig. 1. (@) B-SiC powder (b) SiC Semiconductors.
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SiC Switching module (4.5kV,100A,usable up to 3007C)
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A 28] eluA] 2] 30~35%¢] Eah= 7oA
ofoll A ] B&3}t 9 Aoprlee] o] IR HA
om o] Fopo| A SC-HHEAE o3+ A=A 27}
(power semiconductor devices)2] 7k AL-31= HAY
A2 wafer WHEA] HEEA 12% 555 3% T2
2 UFo] F Z10F ok

B LED AFdol A 235k SCHEH AseE
LED 7|90 2 &) 10% % AR T 9lon, wat
GaN A7S 918t 7|19 2 2% A5 vk LED
715 Tl gk Al St ot oA g Abell o3k AL
sfolo] 7)3tel Tk ofi= M) 714 A i)
H 275% SC WAA 0= 343 2719 Ro7

4= Qltk 20201 SIC A A 2% AEE
o 4}E] o] mate] Creejit, S Crystd jit, U+-2] Bridgestone
it7F S5kl ol =] 7ol Algsirtal szl

242318 SIC THARS- 2200°C o) 4ol A seed =S A

o A

¢

3kV,600A,5iC Diode module
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Fig. 2. Acheson process (a) furnace (b) furnace of cross sectional view.

Slod Sublimation B0 2 AAA7|H g Fate] & Table 1. Rgsults of Comparative Metal. Impurity Analysis of
SiC Samples Measured using Wet Procedure

= AR 95 52 2 FY AL A7) 9 with ICP-AES (ref: J. of Ananlytical Chemistry, 342,
8l m-$- Z 93 8 Aol HAY7ERE= ol X]<>(Acheson) pl13, 1992)
FAol o]5}e] 2200°C~2400°Ce] Lol A e NSl i i v
£ SC U T2 AT ST Ao dpel S
Bridgestoner}oll A #14] ket fSIC RS AR5l s - - - =
4inch 27] SIC WA A4S MR o] Fol] A& o 3 3 3
WAH 47 B FSC Huo] F2 1 K9t of 2 = e i :
72 ol fSC £2o] aSC LU Al B, Ca Fe Fe 20 o = =
Mg 36 126 50 18
=] metallic impurities §H-f-2ko] Zo] TES] BAA Mn 70 38 08 :
el Ael7] wFolth. Bl HEslE ASC : e -
bz 347} ASC HHE AMLsle A7) ©A v %6 %1 28 %
Zn <?2 <2 <?2 -

ARGl thale] Lo} BA} F,
SC 959 AXHOEZA FHHAYAZL o A&

2. -SIC =2 Mz 9H (Acheson) W & AH&-3te] 7] e A2 7het A28
2200°C~2400°Ce] 2ol A derighelste] a-SC &

[ ] mo-5iC
o . epsic .
) . [ ]
20c ) % = 3
2100°C _l L
2000°C J ) |
A 1900°C J\ ) \

(a) (b) ©)

Fig. 3. Structures of (a) «-SiC (b) #-SiC and (C) phase transition f—e.
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Table 2. Characteristics of f-SiC Powders Obtained from Different Processes (ref: Pure & Appli. Chem., 69 (6) p 1305 1997)

1. Morphology Super?or Ibiden HLC., Showa | Experimental

data graphite /Japan Stark Denko powder from gas
JUSA /Germany | /Japan | phase

BET (m%g) 15.8 18.1 16.8 18.3 10-20

Green density 2.0 18 20 2.0

(g/cm”)

2. Constitution

B-SiC (%) 99 97 99 99 mainly

a-SiC (%) 1 3 1 1 B-SiC

3. Chemical

Composition

C total (%) 30.4 29.9 30.6 30.1

O total (%) 0.8 09 1.0 1.3 0.1-0.6

N (%) 0.2 0.3 0.2 0.3

> Fe, Al, Ca (%) |0.08 0.18 0.08 0.09 <0.02
Carbothermal . . A%coa/USA

Process Reduction of SiO Carbonization of Si | Nippon Steel/Japan

Standard Oil/USA

Table 1] 48315 a-SIC 2] metdlic impuritiesE
ICP-AES 1y © & BA)stod LERN It Table 104 B
=1k} o] Al, Fe, Ca, Ti, Ni 5-2] metdlic impurities7}
o SR sk ol52 w2 /37 ol A micropipe,
planar defet, didocation, carbon incluson 5 27 9]
8 ATE FUsh7] witol o] WO Z A Z2A] metdlic
impurities 2171 2 HFE o8-8t 2le)7} #1712} 2kso] €]
3 Bha: Al A Dgo) WEEA] B R sl

o] X]<=(Acheson) W:

SO, (s) + C (g) - > S0 (g) + CO (g)
SO (g) + 2C (g) ------ > SC (s) + CO (g)
SO:; (9) +3C (9) - > SiC () + 2CO (g)

a-SIC= Fig. 304 H=n}e} 7Fo] hexagond +%&
71A1 B-SIC+= cubic +X= 7| &=H| 2100°C o]A4+9]
Lo M= BSCE T4 QHge e-SICE Agto] o]

30 || MiztrI£E

el = 2 eksehy, sol-
gel 24L& 0] 23 B3 W (carbothermal reduction
E]_]_—

$2 o187 B SOl 2 LeA 9

|o
a
_|
g
9)
)
9
)
ton
>
g
w
(0]
O
Ehd

T AES) F4E 1

1 =
2% ebs}y(direct carbonization method)- 71 7371

o3 7isiA BSCE AXE = = WHolth shA]

S 43 C EE7He] whg-2 A vh-g-o| A7k self-
sustained ¢4 YRS Yo7V HESEE S s
C £ activated additiveZ 4] (CoFa)ns 439] exother-
mic saf propagating reactionS- F-EA17]+= A7} Bo|

QY= 7 9.




2.2, HEHEIRIE

o X (Acheson) ot & U e 132
BSC 2o Ssk= 202 o] whe] 9ae SO
2 nAISIaL FUSP A 71 whgol BefahA

33 Gol7R= SO gase] $g Zol= Fitolth

S0z () + C (9 >3O (g) + CO (9)
SO (g) + 2C (8) ----> SIC (s) + CO (g)
SO, (s) + 3C (9) - > SiC (9 + 2CO (g)

F <] BridgestoneAtell = SO9F CE P4l s}
A sl A7) flake] PO R Ve dFAE
3HE oS gadons Jak HaEYHnls 2
=HR o]&shz Alat precursorel] o3l Beltas 3
galglem qtagl Ao el NAE d A
Sl BT dEkn IO RN Bhehta

A2 & glom o] Wy

o rlq,
)

o

= ggolt

=g

o)

23. 7|2 E ofSst

712ke-S- 0831 $H4d W (chemical vapor deposition
method)-2 SiICl, 712~} C source® heavy oil-S- ARE-a}
= W e Ao ZAl A = vt dlane gasE plas-
maz gafste] SC e E83 Axshks A7 2
HE L ot ob FgstEA] A Stk

I

SICxHy (g) + H2 (g) -—> SIC (9 + CHs (g)

Table 3. 4H n-type SiC Wafer Obtained from Pure $-SiC Powder
(ref:http://www.bridgestone.com/products/diversified/sic/purebeta/wafe specifications.html)

Diameter 76.2+£0.25 mm

Polytype 4H

Conductivity Conducting, n-Type

Face Crientation 4.0%toward <11-20= £ 0.5°
Thidiness 350 + 25pum

Primary Flat Length 220+20mm

Secondary Flat Length 11.0+£ 1.5 mm

Primary Flat Orientation <11-20=+ 2°

Secondary Flat Crientation B0°CW from Primary Flat £ 5
Edge Treatment Conforming to SEMI Std.
Front Surface Finish Epi-Ready (CMP)

Back Surface Finish Cptical Polish

Laser Mark Location Carbon Face, Conforming to SEMI Std.
Warp <40pm

Resistivity <0.030" cm

Edge Exclusion 2mm

Micropipe Density [<5cm® / <30cm® / <30cm’]
Poly-type Area [<59% [ <5% / <20%]
Padkaging Single Wafer Container
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Fig. 3. 2 inch 4H-SIiC single crystal produced from B-SiC powder (a) ingot and (b) wafer after KOH etching.

3.1. BridgestoneA}

LE HBIA 2EAL A dFAP| =9t A =59ER] &
ol-gste] A ﬂ-SiC Bulo] A Zuho) o

E3] (US 4,702,900 =55t o] #bgel w

21 54 el Agle Ade] delEanst it
o] 7 s o] v o}ﬂl A F statod
Agjet7] el viRks A7l frele =
ol ppm olatel Ik fSIC T AE s A
o] 7Fssitk.

2ol A Xﬂzﬂ BSC S 2 A52 HHs} o
7] 913k E3|2 A= (US 5,863,325) 315101 o] E3]o|
A= 1800°CellA] FSIC 271 § 1900°C~2100°C =
3~63] thermocycle A2 sl A3 FSIC B ¢
=5 100~200umz A7gA1A A Azl A8kt

| ASolle L5 2 2100°CE £3 2ol & Bata T
2k mR27] wH*Oﬂ d7017F dojubA] 33 bete’d=

FABFAA J=E 718 5 U= 2Rlol sk

T8k £3] US 6,627,1690] 4= ASIC B2 A% 24

Z burning FA& F7Fsl= A ¢lE) o)) A¥sl= CO
gasde S5t EAY ¥ % Ao} f-SIC BLe] &=

WHOE I BER

T
i e
DY
ﬂllol

l">

Table 30 BRXAEAJA] fSIC B2HS o

ox
e
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R AMgal] AN
32 el

4H ntype SC wafere] 4 2

3.2. Nitride Crystals

Nitride Crystal A= 53l ol <3t SIC &2 A4
AA71%S BE38 Ao} loffe Physical Technical
Ingtitute 41 AFUEC] FAsE HH 02 AYs 3
A= 3inch SC wafer A4 7148 B335+ itk 2010
WRE gsAlEt 71 fSC e ARE-EH4H-SC
G2 A FF ATE s vk A7 23
2= BSC 228 AFE-3le] micropipe density <0.2/cm’,
dislocation density (0.8-4) x10°/cmeZ zH= 2 inch =17]
©] 4H type SC THEAS AUt (Fig. 3).

4. 3E

Aguex), LED 719 508 SIC &84 7)3o] 2
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