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BAREGREETRES, RAARMNBEZZI MK, ZMNKAR
TR I, RMNBXRFEXNIE,” (We choose to go to the
moon. We choose to go to the moon in this decade and do the other things,
not because they are easy, but because they are hard, because that goal
will serve to organize and measure the best of our energies and skills,
because that challenge is one that we are willing to accept, one we are

unwilling to postpone, and one which we intend to win, and the others,

too. )
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i William Bradford Shockley ( BiBE - fififliifm e - 4 7o), EEPHE¥ESE, 1910

2013 HAETHEE, 1989 4E8 H 12 Hiffittt, Shockley F 1932 4F bk F 3 [ finH 2 T
Fhi, 1936 4EFAFRRE B T2EBe i 24, 1936 ~ 1955 4EE DR LI = TE, BIER
WEY AT, T 1938 4F4R75 T " FAHMACR " LR, 1947 SES5ASER
W7 AR, 1951 AR R E M EREBBE L, 1956 4EKA5 ik DURPI B4 . Shockley
UFE S E 40T - “ Today, in the electronics field there are probably two areas of special
interest. One of these is miniaturization, the process of making devices small, complicated and

fast; the other has to do with problems of new environment, such as higher temperatures and

radiation resistance, ---", “ Now, the big question is this: How is the problem of high

LI



temperature going to be solved?”, * What are the horses to put one’s money on? ---One
approach is the logical sequence we see here: Ge, Si, SiC, C in that sequence, ---”, “The
SiC situation suffers from the very same thing that makes it so good. The bond is very strong and
so all processes go on at very high temperature. Another aspect of the silicon carbide situation is
similar to past situations in the semiconductor field. The lesson is that one should not give up too
soon and one would not always look for gold at the ends of new rainbows, ---”, “The situation
may be similar with silicon carbide. The material problem will have to be extensively worked
on. Perhaps one day, large single crystals of silicon carbide will be grown easily. There are
difficult questions™ . il: Casady J B, Johnson R W. Status of silicon carbide as a wide-
bandgap semiconductor for high-temperature applications: a review. Solid-State Electronics,
1996, 39. 1410.

il G BRAAE AR A A D s Il /o [ B2 B 1 R AR AR A A T T s A
8, &, PEYHEER, WMERMA, 1921 4£3 H 19 Hil4, 2000 FEHfH, 44
T 1946 FERNL TR RERAR R, RIRLLMEM ¥, 1952 4F3K75 % KA 7 T4 B
Moz, 1952 45 10 A W EDFAE Ll 8 BR2FAEH, 1980 4F 243 4 b E Rl B 3y
PIHER R 1, 1983 ~ 1988 APAE R B R¥ER K., AEKIMNFERmYM 5 4%k
WHRESE, FACESEYRE) | CRERERE) | CRES RO e Y B 2 b 6 17 1) 2%
PR M B

il BALEEARM AR AN EEMY IS B ERE. (1) 525 (wide energy
bandgap) . 4H-SiC Z I [Y2EH7 55 BE 4y 3. 26eV, 6H-SiC 4 #U (g 545 55 38 4 3. 03eV, i
ALER (GaAs) SAIRRYERAFGEE 1. 436V, BE(SI) ARMAEHIFEE R 1. 12eV, (2) 5
i 2.3 ( high breakdown electric field) . 4H-SiC 2 %I () & 48 1 3 8 2.2 x 10°V/em,
6H-SiC ZRIN i ZEdL 1% 0 2. 4x10°V/em, AL BR G I B9 o 5 i 3% 9 3% 10°V/em,
AT FEEG A 2.5x10°V/em ., (3) 545 % (high thermal conductivity ) . 4H-SiC
ZRIPIGHE N 3.0 ~3.8W/em, 6H-SIC A FE K3.0 ~3.8W/em, FILER S
PRI RGN 0.5W/em, SRR TR A 1 SWem, (4) /516 F ey 7 358 7 i
(high saturated electron drift velocity) . 4H-SiC 25 AU (1 140 Fil F3, T~ 72588 33 B 4 2. 0x 107 em/
s, 6H-SIC ARV 1 Al FEAL B O 2. 010" em/s, 1T B Ak 85 & 4% F9 4 T el 7 182 48
MR 1.0x107em/s, fiE IR AR TR J 1. 0x107 em/s . * 2ot — Bk i) 3%
A NIRRT S Tk R, AT IEMBRALRE SR RER DR | SR s R T
o F W 5 b Ak ek 5 MR 69 #E fELT M. Madar R Silicon carbide in
contention. Nature, 2004, 430. 974

iv XPRRACEE df AR KB BIF ST AT LGB B8] 19 42 wimk. 1810 4, Hi#ifb2¥ %K
Berzelius B UG T BcAbik, M5 M4 ) T Si—C B AT LURSE A7 7E A9 1% 48, 1892 4,
A. G. Acheson fEF LA iR ity " ATl & MALak i 7% 1895 4, A. G. Acheson LA7b
FHESNRE, R T RS NLMBE 4 P4 00 %, RS T bR Sk, 20
tit2e SO AEACH ARG, BRALRE S P& SREAE S BFBE A RHIY Tl Acheson it F2 i 4645

BRACHRE 1A A K 5 R
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1955 4F, EfEE KFIH (Philips) 2 @ BF 78 L 50 % TAERY 1. A. Lely &8 T 8] i Tik
BE A K ISER  THER AR . X — SR KR EORFRBANIFRA Lely 3, £ Lely
PRRALRE S Kt R, A SRR AR TR, BRI A1 B
A7 7S R FRES R B BRALBE o e T ARAEAE G BRI RE , L5000 Tk 50 B HL At
AR K B R R AR REFH TR AL Bk dR A 1, DA X S AR Y SR BE A2 TR AR
TR g AL FE . PVT ¥, Stk Lely ¥, Kb FHAR 2 [ Rh itk AL R i A A K 52
AREARFEFRE, ©2 o7 kAR sk SR A K R EOARIER . ErE K
o, A NRRALEEY RO 7E A BRI D, 7E TR SRS 200Pa (195 (Ar) U5 i
g, AREREAE TR ERE, Flan, 25V R X IR R E N
2400°C , #féhXIBRAYRE A 2200°C, teRt, 2SSty ek ARt E it i Tt
18, TEIREEMRA KRS 45 5. 1990 45, Cree 23/l 4t T H A2 M 25mm [y 6H-SiC
SAA L, B RIBORHE ) T 06 T B AL RE S AR ST Fa (b RESR PO R e . HAT, QTR
Tk S AR A R AR TP e S A R R | 8RR AR R R AR b AR R g BB L, 7
A Pt fiE L %R, U History and current status of silicon carbide research, www.
ecn. purdue. edu; Madar R. Silicon carbide in contention. Nature, 2004, 430 974,

v 2004 4, HAEH(Toyota) 28 @l HCs i % 9256 % () D. Nakamura 55 4238 T %
MITER < 25887 (multiple stage) £ AR A A fE SR IS5 50, 2860 A D11 SE e ik
TRRERF & AR AR S A, BEBE, S RAE R T FF a5 A AT R BlE, SR
Jei, TR T E AR AR, fEEE E T — B B A A K T T A Al T L T A R B
A, AT SR A R RE 9 i AT 38 =B B AR . BRI B a9 AL ik S 7R BT 35 b
Al R PVT 3615 0B A fE S AR 2 ~3 N9 . W Nakamura D, Gunjishima I,
Yamaguchi S, et al. Ultrahigh-quality silicon carbide crystal. Nature, 2004, 430. 1009 .

vi FEE Cree 22 A2 HAT 2R EE MR (SIC) . BILEK (GaN) 2 F Kk b1 kL
B ARSI . RN A E R T e A B AL RE A B L B AR AR KR, Xt R M
FHICRBFUI R 5419 HERl . 2007 4, Cree 22w 51 S BCH 1364 A, AN 4.23
fe3oT, FERAEOL, HO6. EHEIMHLEL T (light emitting diode, LED) Fifx
fbak . UL BB R EIE . Cree 2SR IZ M0 S AL RE &AM ZULER S A &
BOAR K AR AT FTEINE |, UL 5 Wl (AR R 20 e 2 PE R 1) ' e 25140 & AR
KIWFFEIE . 2005 4F 12 [, Cree A w) ik 7 HGOEERI TGS T, B4 5 i B0
(radio frequency, RF) FIfi 1 A0 55 .« Cree JEAER AR /7 5 (ROE™ ) I F %
Fp R . AL TE ST 58 BT YA B A AR 0 — M BRI . TE R A T SR L BRI
FEOGHLIR | 7Tk s e B B v, B RN B A A R B 5 75 SR Y JC R JE R IR
it 25 A A NS B AT HEE R AY T . Cree AYII % R A Sesma BEBAAT Bkl i g,
A5 EPA X EERIBY . Cree (7§ RIVLIE KA FSRA L WA SR, 8
RN, FCENCRE, DRATIRIF LS. B FMRR&EFEN Lt
W." BL. www. cree. com.,

vii 2000 4, S. G. Miiller %X} Cree 2% w] + 2 4 AL B b AR BF 58 5 41k & A 7 1 A
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HEFT THER . Cree 28 Wl $218 PVT A KBRALEE f IR0 BLAR 5 B hE, 1997 4, 22
) PN E 0 FH B 4% 8 50. 8mm B BRALEE -, 1998 4R XS SN B B4R 50. 8mm (1AL
BEG A 1999 4, 2v @) 9 B R 76. 2mm ) BR AL BE S b, IR B AE B AR O
101. 6mm AYRRfLEE SA AR L HASHERE ., 1993 47, Cree 3R] A K MR AL T & v A9 L
W T 100em ™, 1997 4F, H4#2 K 50. 8Smm G AL RE & v 09 1 1 0408 I % N
90cm ™, EA% K 35mm B fkGE & A 09 F 1 B I % Bl 60em ™, 1998 4F, B RN
50. 8mm BALEE G BT RIS EHE LN STem™, HAZ K 35mm BRALEE S A B9 1
A FFEZE 10em ™, 1999 4F, HE K 50. 8mm BRALEE S A 19 7 0B % B th
TFEZE 10em ™ 247, Cree 23wl i A KA, WICHEIR T 2EBR AL RE & 1 J5 1Rl X
B LA /N i (low angle boundary ) SREE , A RFEAR T H42 K 75mm g AL EE S A
AR F7; 38 ot e e gl SR R SRR, AR AR AR BRIL BE R o B9 SR R
( background impurity ) & (155 %) K T 0. 1ppm, Cree 23 & 4= j= 4 50. 8mm = 4 2%
4H-SIC kA B9 IR HL B R IA ) 10 Q - em, AU A A 4 IR A9 MESFET 28 44 (14
S35 F S0GHz,, Cree 2\ @)W & i 5 F oAb Ak SRR 95 i 58844 . (1)3.5GHz Jii %
FIRE AR 4. 6W/mm B3 MESFET 2844, (2)3. 1GHz 53 F #4A1) %ik 5] 80W
s . (3) B R 50wm /19 5. 9kV PIN 4% ( p-intrinsic-n diode) , (4) A] 7£ 500°C i
BEF TAER 6A (345 (thyratorn) . (5) 10GHz 45 R R 2 5 % B 3K 7] 6. OW/mm (K 7E
Y AL RE AR EHlEE9 GaN/AlGaN HEMT 2844, (6) LABRALEE & 1Ak 4 I 9 75
FEFE WS GaN 3 LED FI%0¥ InGaN £ LED, (7) Hfth, W: Miller S. G, Glass R C,
Hobgood H M, et al. The status of SiC bulk growth from an industrial point of view. Journal of
Crystal Growth, 2000, 211. 325,

viii B[ I-VIZA RS T 1971 4, FEMHE AT REA K SEocibsldfg
FooEleE, “OIOFET IZ M S Tk Sk s EEE AR & R A5, 2007 4EiL
AN 3024250, N-VIARIM EEFAR RHW S84 (1) I-VI Infrared, V%
U AR (CO,) BOLRS L (IR E B . SUATEE . LU8M bbbk k22T
) Wit S . (2) Marlow Industries, k55 458802 3 F 1L & 428 SR AR s
fifR kT RIS & . (3) VLOC, AT 80 Al 5 2 0 28 40 19 4 b i A4 KRG
el . (4)EV Products, TEfLA745E ( Cadmium Zine Telluride, CZT) %5 54K 1 72 5
CELFERFIR TAlb N T A R A ) il . (5) Exolic Electro-Optics Inc. (EEO), i
FFALT . EB AR AT LD AR SRR R o R R B AR R4 B (R R
(6)Wide Bandgap Materials Group( WBMG) , #4755 %1 6 H-SiC Fl 4H-SiC A4 r= 5y
Ao I -VIZ wlids 847 Se itk 41 & J# .0 (The Advanced Materials Development Center,
AMDC) , FEZFRAEM BT & . & BRI & 5 RS AR 7= 45 1 42 43 b S 45
. www. ii-vi. com,

ix 20 fth#2 80 4EARrP I, EEBZEFSTR (ONR) . HEMALKE (NASA) 5
AE KRB ARIM LR 2EBTT T IR BRALREM B S 300 A 1. HEA 90 4E4R, 26 H By
i, AEURERAE R AL RESE A B 5 O, EOR 5 2000 AR 7 R 28 R 4 b

B AT i A A 1
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fRRERS M SR E B %, 2002 4F, 3% [ [E B 56k BF 78 3+ 1 J& ( DARPA ) 3 i F- 550 1
“ER L SUAROR TR (WBGSTL) ™, #) K HESh T 584545 8 S K44 kL5 i AT A9 BF
% . WBGSTLi&it T =ABrB. $—FrB(2002 ~2004 4F) (9 HARJE, AfDRBK AL AE 5 A
He e AR AINGaN/GaN AMEFE A RS, Ak rt: i v SC B0 Sk 58 B Br (2005 ~
2007 4F) FORTIE  SHARN FH FEAS 2 ST R (WBGS2RF) 7, FBR i S 450 2 &
AR D R B S RGOR RS, IREREINECR . TS, IR%ES,
i S B ey AT S A P RE U B K AR R Ot B A . 5 = B BE (2008 ~ 2010 4F) B9 H
B, IR w5 T 5 it R A B Rk B R B ( MIMIIC) 7 FH B B AR TR v, B
R R AS , R AT et WBGSTI J2 4 i 2 36 H & B 2 R E R F & 1975 21 il &
B, FHARBEVERTEES . YEAEEREE . SRR AVARREMEMEES. i
HEXE, FIRER, ELBEEZRERIRX S, TG EFEM RGN SR Y2
M EEMA, 51H . PEBER DGRV R R R . BRALRE SR AH X
LR o BT BT FRATHI G 77, 2009 427 A,

x BT, BRI A R A LT LRSS, (1) B R 44 (Schottky
barrier diode, SBD) . SBD thFRA 4@ -4 SA (M) 48, FABR AL RE S AR R i 4E
i) SBD & H B #4 ik 87 S iy B AL e R i 20 000 . R i 2 R 5 il rL PH R R
Akt Ak SBD [ M BB W 5 00 T RE LB AL B BE SBD, H] 4H-SiC #4 ¥} il 4E (%) SBD 7
1000V # i A 538 e B 43 591 2 i {85 Rk 5 ek Bk SBD 119 1715 5 17200, 1 3045 iR 38
PR, R HEEEHR 9.07mQ - em . i FHL N 4150V Fld 5 R 660V . B A
100A ) 4H-SiC %t SBD il & 2, £ 270°C FHtifn SA B, #%F FHFaE ik 600h,
(2)p-n 45, p-n R — P EEHBEEH G EIOCHKRN E. BT ELS R LY, Yk
TR A R A BRI TR 43 51355 910" em ™ (n BY) A1 1310 em™ (p &) BF, AT il 45 i
0 7 BE Ry 183. SmA/W [ 6HL . P. G. Neudeck % VEfY 3C-SiC/4H-SiC p-n 45—
A TE 100A/em® YL F AT LS G T4E 20h LA 1. (3) PIN 4% ( p-intrinsic-n
diode) . PIN “HREIETE P XHI N X Z A A — 2 A IEF S0k (SRR E R A E S
) MIEE 09 R, EH TR Bk & S R R AL, e ik g8 et
AT 8 S A AR . OISR . R AR R, B PIN R R R
FEREA i BAE 5K . R. Ghandi 5538 o % PHAR (4 p BU4B J4 4 4E 2 300 47 7] 45 8
ph, SEEL T B4R 5 45 AP X (junction termination extension, JTE) (i B (1. 2x
10" em™ ) el BF 6 2 i o 5 WL TR O 4. 3kV GA B S 1) 80% ) () 4H-SiC JE PiN
e . P. Brosselard 55 A F il 52 18] o7 5 LR O 4. 5kV 9 4H-SiC PIN AR,
TEHL TR E A 15A(600A/em® ) F 2549 Sl HLFHRAL K 1. 7(25C) ~1.9(300C ) mQ) -
em, 2837 25 ~225°CIRE T 99 97185 . S. Diaham %5 i J 8 it I #% ( polyimide, PI)
LR, HI8 T #UEHE A 7. 8kV Y 4H-SIC & PIN “#RE. (4) & RELY LSk
%40 45 ( metal-oxide semiconductor field-effect transistor, MOSFET) . MOSFET j&—ff
A TR A B S RO H R R A A RO SR AR . AT T BORERE A H % (sample-
and-hold circuit) 5% 2% i 1 # ( chopper circuit) 1% i1, 7F 8 l/80 5 % # 2% (A/D



converter) . ] H1 725 JE % 8% ( switch-capacitor filter) | #57] 7 %] MOSFET 255 . H
i, CL AT A B 2 10kV . TARESIA 0 25kHa (9 8% fk i 5 MOSFET [y 4f¢il, &
kLR O 4KV, i DI AOR 4kW, BTAE 174C R FIER TR (5) 8-kl
R A4 ( metal-semiconductor field effect transistor, MESFET) . MESFET S FRA i 453E
PG IR, ERIH SR S SIS RS H 8 A H I
TELH 5 T A =2 ) £ e, 5 7 #4300 A . S. Katakami %5 78 2 #f 2% 4H-SiC #} € |- B 6l
NI T A MESFET, H g K # % (trans-conductance ) 2y 32. 8mS/mm, f,/f... H
9.1/26.2, E2KFISMERS MESFET (7K F. D. Tournier 28| T F T Ih 3 IF X 1 W
5 B Ak ik e MESFET, ] LA7E(1~5) GHz SURIEEN TAE, &5 %Mt MESFET 4
HEEEE R, SEARAET (180V, 160mA/mm, 30W/mm) & RN T EER—1
FROFEAF O 2E, 75 190°C /) TAEREE F BA L5 it s il dEfE . (6) ek S ik
K ( photo conduct semiconductor switch, PCSS). 1975 4, % @ Il /K 52 86 2% (19
D. H. Auston 7 55l £ HiEE 3 PCSS; 1977 4F, C. H. Lee Bl 2 0T 75 1GHz 3R F T
YERY Cr/GaAs B PCSS, 33X # J 5C FH B0 30O bk b 30 % i, AT S JF 56 B0 v JE
1984 4, W. C. Nunnally %5 iiF 52 K K ~f 9 PCSS fig 7& 52 150kV (19 & £, IF fig =4
100kV | 2kA (58 HL T, £2 I R AR fL fE K PCSS 19 /2 36 AL & B kR M 32 K21
T. S. Sudarshan %% . S. Gyawali “EfffF il (9 5 fk GE 2L PCSS, i e {8 48 4k 38kV. B . %
PR . BRACEE SR S5 BRPA Y RAE R R ST VLRI 58 . [ W H2efne ] . i,
rhERFERE L REREL PR AT, 2010,

PR B b g RERREL BT BT
BRACRED H 3

& %5
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