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ABSTRACT

ABSTRACT

As a kind of functional material, SiC has many good characters, such as the
wide gap, the high critical breakdown-field-strength, the high electron mobility and
the high thermal conductivity. As a kind of structural material, it has the high specific
strength, the high specific stiffness, the good corrosion resistance, the good oxidation
resistance, the high temperature stability, matrix consistence and other
advantages.Therefore, SiC has been widely used in the microelectronics,
photoelectron, aviation, astronavigation and other fields.

At the present time, the Chemical Vapor Deposition (CVD) method has been
widely used to produce SiC film (including SiC fiber), in which surface morphology
and microstructure of SiC film are controlled by the micro-mechanism of growth
directly. However, the development of such method is limited because of little
knowledge to the micro-mechanism of growth. It is difficult to grasp the full growth
mechanics of SiC film through simply operating in the experiments. Therefore,
computer is used to simulate the growth of SiC film, which brings great assistance to
grasp the micro-mechanism of growth.

The growth process of SiC film 1is simulated by computer on
three-dimensional atomic and two-dimensional grain scales, respectively. Two length
scales are combined rationally to study the micro-mechanism of the growth of SiC
film.

During the simulation of three-dimensional atomic scale, the math model of
three-dimensional atomic space lattice is constructed for <111>, <110> and <100>
orientations of B-SiC. By use of powerful image display function of MATLAB?7.0, the
position’s sketch of the C and Si atom in SiC crystal lattice is got and its crystal
structure is characterized accurately. According to the micro-chemical and the
physical mechanics of CVD-SiC film, the chemical and physical model of SiC film is
constructed with the kinetic Monte Carlo (KMC) method, including KMC model of
chemical reaction and the kinetic lattice Monte Carlo (KLMC) model of deposition,
diffusion and desorption of atom.The growth process of SiC film of {111}, {110} and
{100} facets at atom scale are simulated. The influence of substrate temperature and
concentration of reaction gas (MTS) to the growth rate, the surface roughness, the
film thickness and the relative density is discussed. It shows that the growth process

of SiC film has three stages including the first, middle and dynamic balance.
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Formating, expanding and merging of some islets can be observed, and much defect,
such as gap, voild and kink, can be formed. At the first stage of deposition, the growth
rate is higher, and it decreases later and stays steady finally. With increase of the
substrate temperature, the growth rate of {111} and {110} facets will increase, but
that of {100} facet will decrease whether the substrate temperature is higher or lower.
With increase of the subsrate temperature, the surface roughness and thickness of
three facets will all increase, but the degree is different. With increase of the
concentration of MTS, the growth rate of SiC film will increase linearly. The surface
roughness, thickness and relative density will all increase.

During the simulation of two-dimensional grain scale, the model of
two-dimensional grain scale is constructed with the Potts Monte Carlo (Potts MC)
method and the finite difference method respectively. The competitive growth
mechanics of {111} and {100} facets of SiC film are analyzed in two-dimension. The
relationship between the nucleation density, the growth rate and the microstructure
morphologyare discussed in detail respectively and the distribution characteristic
function of grain size is found. It shows that during the crystal growth process, the
competitive growth and the coarsening effect have been found. Different growth
velocity ratio results in different preferred orientation of grain. The distribution of
grain size has the characteristic of “self-similar”, which is in accordance with Weibull
function.

Through the growth velocity ratio, two models of atom scale in three-dimension
and grain scale in two-dimension of {111} facet and {100} facet are combined well.
The temporal evolution of film’s surface morphology and the location of the grain
boundaries in the film can be simulated. The effect of growth velocity ratio on the

finial surface morphology is discussed.

Key words Chemical Vapor Deposition; SiC film; multi-length scale simulation;

kinetic Monte Carlo
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2 1-1 SiC W2 T A AT N Jit 1 HES1
Tablel-1 The polytype and atom arrangement of SiC

Crystal

Name Symbol Atom arrangement order
system

B-SiC 3C Cubic ABCABC
a-SiC 2H Hexagonal ABABAB
a-SiC 4H Hexagonal ABACABAC
a-SiC 6H Hexagonal ABCACBABCACB
a-SiC 15H Hexagonal ABCBACABACBCACB

(a) —> '::;[::l Qs

®
o
®

by —>

1-1 B-SiC i 4 # 7s i ]
(@MIFLEL: (L)Y IFLE: (c)dbks Hik
Fig.1-1 Crystal lattice structure of B-SiC
(a) Side view; (b) Top view; (c) Crystal lattice structure
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(SN =) K SICILAIC,  1000°C I s B 74 K SICL A CClyo - SICH A AR 56 Y i 12
BeJ), HERRAKIRIRA S KRN, % T IEIR. [FE, SiCH¥% T4
BRI ok S b B A o e AR, SICHI TR 28 T R 1H 1 Si0L R4 i,
SHA G KLY, B3 T SICHAR A AR 255 Si0,. T LA 4 SiCHIE &
IR KA RN, %38 % 5 PbOBLPbCrO i, DAl Ay ik S84k 54 4 SR K 1T {4
IR A HE A 4R

1.3 SiC BB & A X

SICHENUNSICE A ARk SICP- T4 5 45 K il 4% U7 VA 18 47 Si0,
—CiB gk ABESIOLMBRIE VL. ARG BE . FIRS & SIC. RNEESEE.
HRRELE S AR R0 . SICHIIAISICET 4k [ 4 )i vk A H A% . SiC
T (11 4% 7 VAT CVDIL W ASDURE R IS o SICEFYE I il 4% 7 i R A LA
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* 1-2 SiC I 2R
Tablel-2 Main properties of SiC

Property Data
Mole mass/g-mol™ 40.097
Color The color of pure SiC is yellow. If B, N and
Al is added, the color is brown
Intensity/ g-em™ a-SiC(6H) 3.211
Melting point 2545°C,latm, it can be decomposed

2830°C, 35atm, it can be decomposed into
Si, Slzc and SIC3

) 4o a-SiC  27.69
Molecular heat capacity /J-mol K )
B-SiC  28.63
Heat of formation(—AH)( 298.15K)/ a-SiC  25.73
kJ-mol K™ B-SiC  28.03
o . a-SiC  40.0
Heat conductivity /W-m™ K )
B-SiC 25.5
. o P a-SiC  5.12
Linear expansibility/10™-'C .
B-SiC  3.80
i . a-SiC(6H) 9.66~10.03
Dielectric constant under300K )
B-SiC  9.72

a-SiC  0.0015~103

Electrical resistivity/Q-m i
B-SiC  10-2~106

a-SiC  1200K
Debye temperature )
B-SiC  1430K
E v a-SiC(6H) 2.86
nergy gap/e
8y 8ap B-SiC  2.60
Aactivity E /(4.2K/eV) a-SiC(6H) 3.023
activity Energy ga/(4.2K/e
Y IRy 8 B-SIC 2.39
Superconduct transformation temperature /K 5

475 below 293K

Young’s modulus/GPa
441 below 1773K

Shear modulus/GPa 192
Buck modulus/GPa 96.6
Poisson’s ratio v 0.142
Flexural strength/MPa 350~600
Oxidation resistance excellent with SiO; interface layer
Corrosion resistance Nonreactivity at room-temperature

-5
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1. 3.3 BHEMMIRLE L

A ok e 4% (Powder Sintering) /&K M o-SiC B-SiCHit & 2 S W
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GITVER A U B, AR, IR, (A B B P e Ay
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IFORFE— 2 MR L, YIRS R AR o SRy A2 1R 2 U i v BRI S B s 2 7K
YL RS HEH P,

AR IR T VLA, PR CVD 5 1 SN 8 43 S FARE J I3 % R4 B S W
PRI, RE IR 9% X B S N % HEAT IR, AN ROBAR R
LV oy A L AE38 S, 25 S AT R ) I B AR VR AR A K RS RIS B 2 2 1) T A
LRI AT o OV R (L PR G T I SRS, AP A i BV 8 2 ) P A T
KA, A B SR N AR T AESE R B UUR, E O s R DL SR R AR AT ) g
oYY AN TR A2 1B S5 Wby %7 i 00 T O 1 P S A O 48 | P 5 § S
FIE I A AR . AR S, VAR J 5 p TR P R R B A A
Jra, FUMBATE B, DRI i BRI 1, 2 1] P il FEE A A, A= T A%
MR, B T OB R TPt s TR AR . e i s X T
JUAT ARG A4 A, bl f s i s, FLIRLRE M A AR R3S 53, AR 2 1)
JEE P RO G5 A6 1) A 5 o AR A7 SR ANR] - VDT ik I 43 Sy F B I
AU 2T AN IBFIBOE IR o B T2 5 IOV ISR, BRI BiAt
AN ASE PR BT A P 0 T3 A dL 3 SR T LA AR P 4P,
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B LN T AEPESICAF e R A K f ez, R F AT Oh 128 72 R R ey
Jiike WAE19614F, P.J.Gareis% NAtHUIE T4 1R 4045 22 /5 Ay i AR 1 4545
OSICLTYEM LR . 2020705048, Gareisilill £ H R A6 B9 5SICET4E,  Hpiok
SRS N3.7GPa, FEPERE N410GPa. HAT, SEBPAF . LESVPEA R, 3%
[ [R5 Rl R 23 7] (Textron)!', 38R % 42 7= SiCr i W RMSE 4 B BFIL BT
A FH S N A I B RS SICIE BT 4, HL - BLVERR S5 M AR 28 il AT — € 72
grbY,

[l N R CVDiHil £ SICEFHE R, 32 B2 AR 2L (W 8 22 Bl 22 054 EEA T
Bl 2RIV RE RN o AR VL BT W Bl Al Gk AR H R B n A0
RS ATL FL YRR TR R B K AR PR B TN A ZKERANY 1T L s
JRNSAR, T HLAT BAE R SARINAIE AR LT, ARSI Tl (TR o et
F AR, ) THAE . Hoh nUR A KA S WY AR K T ) R AR, B 551k
IKARHEE, ¥ Y IREE . TR B4 TR B TR 2 ) SR FH 1 S A0 0
I, SRR BN X A s R Y, th T R A G, A
LR YA, BT LN B 1A — B, AR TR R £ 4 AR AR AL IS o T3 A1,
SR FH M S A s o I R i, T T KRR PP R Gl U S TR T 4 AR AN
WRAEAR, A HAET, XWROEETEAE, A3 TR B, HAe#%
NREESICEFYE, e LUSEEUAHEE A= . I FLT 4% (R SICEF4E 1 1 g 15 [ 4=
AL, AEEAR K ZE

HEIRCVDILSICLTYE A . AERC L S5 B SSE 2 PR AE Dk, Xt
SN BT £ AT HE 1) A R R AR T B . H A 2R AL 7, e R e
PEEE I = SICI B AR S . RS SR S 20 AN (FTIR) ™y ik
MTE T B-SICTHME . 55/ ASICTEIR R 2L SRRSOV B, 5 7 H TS o i 5 1Y)
Ry o AFR BT R B L s Y ) o ORE RS9/ LS L e PR R o 9 3
TR LT FNURSC0E JEE 8 DRI T AN B RE B0 (K000 2 RS o AR I o 7 2 a0 i 4
HMSGIE A HTIRAN AR T B, W HAAMNGIEIH, 5 LMD L by 2 1 52 v g 5
J SEIRAR DN B IR R/ o XU AT 5 (XRD) R I 52 T 1 45 1) SiCTHE 5
[ G5 A6 R A BT, AL LU T 2 W Ao 22 R A 38 55 BB (TE M) AR =X v g



L

TR B BE(RHEED)ATHLAS 15, i LAAT 20t 73 A DR s 45 440, AELRIRE I A
P R SEM) iy LU SR o M RHI S . ALV S, HAa i
TP A AR TE R BT e FLR SR 21 J 1 AR R T R HES PR AN 5 2 1T H
FAT R ORI, AR ZERAE A . 5T ) A AR N 22
SRAF AT FHE,  (EERAT A

HIBE AT IL, O T 3wy SICHA(ZT4E) PR fE, OGBS 7 22 TR SICHA (2T 4E) 1Y)
PO AAALH o (HAE, BARKEESER BB TG, JOVESLIE T AL AR AL
B, RIS CVDIESICIRE (2T 45) (TR R R 1A HRTIFFE A 4,
R AE RS 25 RAT L8 5 o, BE— D EIRCVDIASICIRTIRHLL .

1.4 BRERIREITEN&EL

KT HOMAEKNLE], CVDIESICEFYERFEBLA A o sea—FE . DA,
SRR IO AKHLE], BERTHE T SICLTYEM L, X A48 T SICHIB M A7 A
TRORTTAE, SO LASICIAE SICET4E, i TRIR.

KM B R FE . AR KL AL A LS — ek ™. 2012070
AR, Abraham™'Witten™ 27 YR H T BER A KBINUAL, 2 J5 X7 TH A
THIG PR A R o AEBRESR A BB T, K AR i — AR T IBCE AR — MUy
POk o, SRE 8 AR TSI AR GG RNATE, a0 e ik 45 BORL T~ 3L 46
W& AL BUEDEASIE S — R4 MER], W BREAMTE S, BRTEs—
AN YR BEAE VLB AR AR R R, Bruschit®® 145 A fiiMonte Carlo(M
CYJTEWIG T o AL AR I b & BB A A AT RS, HUBCPE AN T 5T 1 R A7
FEIAR T LA =R, BT BN Z A . BN RR I A AR e P Aok
PRE WP AR AR T L ) HIOHE 8 R e A B AR AR E A DA R R el S vk
o HH T iZBE R Voter ™ A BEBEIE, TSR T IR AN LA F e, AfEsE
e b S L R JE L 2 T A AR o Ttay  Furman5 PRI I Voterfr)
FRERIIR, WIS T DUy BN AR AN E B A B e AR K S, AR AR
S (R 2 5 ST B R A IR R IM G R o fEBruschiffy At [, ipH 23,
B PR, BRI sk T IR SR A PO R I Morse AT T /N F SRR



DA TR 2 T 2 i

BB, HRE TR R AR AR RIHE S, BT
15 1A AR g R R T8 RORE 7 NI [ 0GR o TR S T8 AN 1 T AR R
EAERK RTS8 8

Harris® "2 AEWFY G WA I AE KRl R, 38 DA = BAE KA1
AR, Frenklach“ FiBattaile!® 1 T LACH; A1CoH, A AR K 2 G 1A AE A
R, 6 e WIS R KT TS, R R Grujicic® %5 AR FIMC 7k, B
20 S RUBE R b RS 0T < DA S M 1 A AR AT 1B, T 0 A [R] 1 ) 38
AR KT TR AERIER b,k BT 2 A5 IR A CV DIk e WA I AR
Ji 7 ROBERN R 1~ ROBE R (AR AT TR, Jf % Battailedié t FIMC 7 5 A ik
WU 724 1 oidt o SR, IR TAE A AN L L8 T W 4% N AT e A= 14k
RN, AP AT R A WA 1 A LB

X o E SR B4, , Von Kaenel 8% S FAMC 7 VAR I IRIT 9T 1 4l
AMERIAK:, Thijssent VRIWiLdY 725060 4 WA I A Kb REARIEAT T BERL, SR04
OHT T ASEEUA 35S+ HL . Grujicic” . Battaile™. Paritosh”> FlJackson!* %
FHAT B 22 53R 0 AN [ B 1) <6 WA B (R AR EAT T BEAEL, PR 2B T WA {111}
L1003 AN di T e ARG, 0 AT T dtobi RS IR 29 A1 BL RO Je & T TR S 5%
Wi AT, USRI ZE M b T S AT A T A, SEL T MR
(RIAHSAARAL, WFFE T o ST (R 2 A B A o

oAt 2% AR T T ARG AR ST, iR (3R G FE Au(00 1) 1)
AERRRREY 2 AR E B SRR SR AR AR A S 4
P e Ge S A% B2, I HL Sz B0 T 98 A K Sl e ) vl A

gr BRIk, AT E NS 1) A Kk AR, T AR A DU REE: (1) H
TS, SRR L R AR B T EAT VR AR, AT S 5 4 4 A M 1 11 B
SEME . Q)R TN T I, XM A K R o 1) S 1/ 4 T IEA TR . (3) AR
FEBRORA R OSSR EAE FE . () ZMNE, BT NV K
RS A 2 R N Bl 2 ASARAE AR KRR T R S8 I R, 10000 e < A i T
FURA 50 o L DU V2 [ 3 DB R, A HARSR IR 2K R

XTI, E 256 701 80 177 (MD) Ji i M(MC) J7 i

-10-



L

MD 77 SRR A2 3y 7 FEBSRRPRE A BT 1038 5, DUR s S T e 52
(A BRI R BT 2 RO I 0 B R BE F AR A, JFEAT R i L S 52 D 41
WHL PAFRER 2 8 2 50 F IR T A 2135 4RTT, i T MDA
P By, I MD 7 ¥ LU — A B B S P s K

EMDJ7 AR, MCIT VAR B S 4% BT 5, BRI T4 1 A0 ]
SR T T B S B ARy TR KO R MBI B S 2 R,
T LAMC /7 503 F T 90— i fe . BHE,  ZERFF0 ML KU T, MCi:
LMDV S RS . ZERETE o 2 IR 1) DR 26 06 500, Ak Tt T T 1 FTMC R
Jivks WS R R Ak, MR A3 MO TTEKMO) P, FITKMCE
MR A R, R KW LFR A RO 1R, IE AN T 7 I B o I8 1
VP2 A S 100781820,

1.5 fFAERE

BARCATITRE T RE K T CVDIL £ SICHE 1) S50 MR IT, B4R A7 1
BT AR ), A5 VE 2 ARG AR ) BT EEd— B4R . [ A CVDISIC
5 (R BT 8 9 i T R AR IR o 3 At At B AT T B 22 b e 33 5 T (RIS
Vi o B2l (R B AT S 56 FR AR ME AR /R DURR I FLIEAS 0T, HE 42 AT BETCVEIR AN B0 45
5. T CVDILSICHIE AR ORI A A A AE 1 RS b, 2SR5 44T
(R, AMTHRHEARER A I &, AU B E A TR 5. Bl HAEKEE
TEBON TR TR T, D SRAAAE — B IR 28 o VS RT LLA LA RL )
N T HM A S R e, TR T ECVDIZHI & SICHE I L2 .

bt BRARRHE AN i R SB35 TSR L) A Bl A 1 A=
AR, CHEOVARE. BRIV SCERAT A, ATTXS CVDRL R B P i A AL
BT, H T EE P S RIA I, X TCVDIASICRE BT D o R,
KU RIC VDI SICIR 1 DU AR ks A BTSSRl 4h A
SIS, HEHRCVDILSICRE IO A KL .

-11-



DA TR 2 T 2 i

1.6 EZARREMRAE

REAT RV S ST G BRI 5 R AR SRR SEIRAR A 17 I SR At o AN
VRS 2 H AR FFIKMC 77206 CVDYESIC IR ) A2 Kl FEREA T TS LS,
KRR CVDILSICIE T AL, A il 2% e P e STCHE S A1k — 5 1R SR A 3 A
SRS BB

(1) MRHEP-SIC =4k J5i 725 0] S PEIIHES, A3 nlaiar<111>, <110>F1<100>
SNE ) =GR RO RCE R, 8 R I R AR S A

(2) MABCVDIESICIEA KT FERION . AP ENLE], 7 N3 N A
[R5 73 % Monte Carlo(KMC)E LRI SAR S 1 U 3 HORBE R 1) 31 ) 2
fmt%Monte Carlo(KLMC)REA!,

(3) &5 SICH) =47 0] R I BUH R AME 2 S Y BER, fBIMATLAB
7.040F% T HSEISICHE {111} {110} F1{100} =A™ SR = 4 Jst 1 & AR KO FE I
CET

(4) 437 F]HPotts Monte Carlo(Potts MC)Jj I IR 24315, @SLCVDE
STCHE (1) 4 ok OB, 23 AT {111} R0 {100 T ¥ 56 4026 KT T B AN [) 26
TS

(5) I AR A SO = 4 D ROBEAN 2 dbohr ROBERE R 25 il ok, R
BTG § BRSNS, LU S R T S B N T B FE . 43
HT SIC IR B T ZRUARFAIE LA S ditobiidd F s Ak I 72

N T T REILASCITFE N A, A LR R i & 1-2 77

-12-



=4 RERH

o e RO B

\ 4 A\ 4 y A 4

lae) A

B-SIC ZHEBT NS | | mOW AL 2 5y g =
S ey = iy
2 i

l—l—l : A

¢ v = é

N i V

e i i B

i i i i

A A A f B I b

7 S S z g % %

ol owm || X = 4 ik
W i i 1 &

2| [z ] | 8] |®

\ 4 A

l

>l
<«

ST RPN EPERES

ThE<IT>
THE<011> |«

5

1o P
0\ D)

z )

v

'

Y R T RO R Y
wkL RS 45 B AR

B 1-2 A SRS N AR B 22 1
Fig.1-2 The technical route of the content of this paper



DA TR 2 T 2 i

1.7 REHEA

(1) B-SiC=4 Jgi 127 [a) EH B 2 R (AT . Ol T AU SICHR AR o0 A L
i, LA E B-SICH SIMC I T I S A7 BAR R . T X <111>. <110>F1<100>
SN AR R AT A B, ERERAE B-SIC AU T 1 SIFICJR 7~ B A7
TAR SR WA el &— 2 ESIRICIR T BARE S, DLAAFEE 1
SIMIC I 1 FIFEF AR .

(2) CVDESICHR IO 5 W BRI (R 57 o AN R8RS 28 P R AR 11
W2 N, T HIE B 8 AR R R 7 ORI B A B 7

(3) KMCIVEM BARN A o Fotar: SRR iU s I [ 25 SR 5 a4 45

(4) 4 SRR R A 3T . A3 Potts. MC 4k itk SRR AN B 22 43
R SR R BRI,

(5) MATLABZ 2 L R AR SICEALURIE T b ¥ A S o A0 55 SICHE = 4 Jii 1
JOEERD — 4 SRS b1 A2 KT 30 S A K R (B

-14-



B R AR Y Tk

FE EREBIRSHZE

2.1 3 &

FECVDIL i SICHE IR, 8 MBI IEAR PR ATV [ a8
B AR TR N RE R B )22 AT 5 HyMTSLE T
AT E t RE R MESRER L AOC T Z AR AT B AN R AR BT B 24 )
TR UL CVDIERE (R m N 5255 . 8 KB 5 i KMC T

2.2 SCIG EAH

KA BED R A SICHE . 1B FIMTS-Ho-Ar [ NS A 1K &R, MTSHE W PIARSIC
(RS SR AT, AR TARRI RS R, H 80, i iy X MTS
At e TRATRTE RN BN, RAR, BATGMSICHIE. R ER
TeHMMA, WD T B ARG G o T IR A], RAIE TS AU
HIRCARFISICIEL Y i fe, 3% 02 H R 2% SICHR ) — Tl EL A BRALL R v

N T ORISEIG S5 AT LR, BN R I L 2S4S S0 T ) L2 S0 R
—E, JRKBLL N T ESHR s A bE T 2S5 AR 8 R(P=101325Pa),
FLIRIRE M 1200°C, Hoff13 A 800mLemin™, Arff¥i & 4H600mLemin™', MTS
P A 160mLemin” o RIS, (REFFRUE T ZSH0h B SHAE, N
I RPN TESE, TS EON B A RE I 2 .

FECVDRIRET, N AAARAEILIE L iy B WMt RN . g
B HEBR . i DURLL KRS — RAPER, 2R RVIREE . RN
Ry« FEIRIRV S AR 2 L 2SR R0

(1) i 5

SRR R R A IR R R E B T 2552 — PP M — bk &
N AFETIRREE, 2R R TR TR . AR, TR AT LA i
M 2t BERY, ERRAANKAED . — Bk, s iR, mTLlE
LB R AR T AR A, Bk ORI ) PO R T A [, T

-15-



DA TR 2 T 2 i

P T AR R R I MR, HAME = B PR AR T S0 2256 - W2k
JER, BARINK T #I12 R IAER], HEIFAR T ARHE R, e KOk
B S NS R R 28 Tt B e Htnal UL, 5 BLE R RG A RO X it
Xt 2 SICHAT A R

(2) S AR B S ALy

S A AT A R A 2 T ) e B R 3 e — B A R L
w5 S SRR AR SN 73 I LA U, B B e B TR AL ]
1117 i 2 SO AR P PEAE BE A 76 F 20 U UORR (R s B AR 2 52 (7S
FHUATE , ANl ) o s ke s 25 [ AH (0 A A 2B A, IR AE T A I T AR
FHREERPIRDL e — BORBE, SN B, W3 B0 I S N ATz Bk, 400 3
it sett, LRI MU 2R/, WS RN, AR5
RISME)Z

QISP BT LIRS RSN, AR RN E
J R A5 P R A I A R SRR 1 4l 2 25 TR 3% S 4 S il e 258 I FF) Jo

2.3 IBipEM

2.3.1 CVD RIS 1B

CVDIREFRARH R A%, AR 40 4 LR -EA B B b i 4 il w4
PIFALILCE R 3R FIRIE R NV.CEER2. 4. 5F16). BRULEARIK— 0 oA %Al
L2 ST g MEIN 22 . D BORE R E2- 1R

(1) SRPEZH M TMBEN SR %

(2) SN ASARLLA T BT 1) S S A

(3) "R A B ARIL FX BE PR AR

(4) AR AR Bl

(5) TRIEARRII R AP B2 A [N R AT

(6) 745 B R I A Mt B

(7) WNRGHHEH R )T

-16-



B R AR Y Tk

20
....................................... (OO, . AN
b ¢ 6 3
@) RS
¢ : T Boundary
O 4 5 Layer
o

)2 Coatings

FEAR Substrate

2-1 CVD AR 20 o ™)
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Fig.2-2 The influence of temperature on reaction rate
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LHR[94]75 5] A=7.0882. B=1289.2. C=239.9, %M 1mmHg=133.322Pa, ¥}7&i%
Hs #5 R LLPa kg B4, JF 5 MTSAE il 5236 Fil 25 °C ~46°C IR 287 Hs
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2 2-1 ARG MTS MR 2870E
Table 2-1 The saturated vapor pressure of MTS at different temperatures
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CH;SiCl;(MTS)
Temperature Saturated vapor pressure Temperature Saturated vapor pressure

(‘C) (Pa) (C) (Pa)

25 22200.01 36 34704.66
26 23155.6 37 36079.7
27 24144.7 38 37498.72
28 25168.19 39 38962.78
29 26226.96 40 40472.93
30 27321.93 41 42030.22
31 28454.02 42 43635.74
32 29624.17 43 45290.59
33 30833.34 44 46995.87
34 32082.48 45 48752.71
35 33372.59 46 50562.24

A PE EIIMTS IR 287, T AA(2-11), Bl DL S HMTS 1 B /R4
WANAI(2-13), ] LIV E HH/MTSHIEE R EE .
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IR ERRIE . RT3 AU BORG RS, WA R S Gibbs H FHAEN -
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Fig.2-3 The flowchart of product’s phase calculation in process of CVD-SiC film
T RN LU S %, TSR IR T 19M S5 H(g) Ha(g)-
C(g)- CHa(g)~ CHs(g)s CHa(g). CoHa(g)s CoHs(g)s CoHe(g)- Si(g)s SiC(g). Cl
(g)~ Clyg). HCl(g). CH;Cl(g). SiCly(g). SiCly(g). SiCly(g)FIAr(g). ZlikEZH
A=Fh: B-SiC(s)s Si()MC(fa5k(s)). HgRERAEYI, sFREFAY . K
2-4SEAEARE T 24N, R Ltk AR FR 22 IR AR 4 5 W B 1R O R 2k
HAH I 8 800mLemin™, Arfii F600mLemin”', MTSi & 4 160mLemin™, T
H900~1600°C, &k A101325Pa. HyMTSIFIEE/REL 14, WK ERTLIEH, 77
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Fig.2-4 The relationship between equilibrium partial pressure and temperature
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Fig 3-1 B-SiC crystal cell atom spatial arrangement
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3.3.1 <111>BNE) B-SiC T3 6] & f4 Y R F 2L FR

n
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2
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X
(a) (b)

B 3-2 <111>H 1) B-SiC — 4k ] i) A b 2 e i i 6]
() BrelbRZR; (b) RLPEARRR AR
Fig. 3-2 A schematic diagram of transition axes of <111>-oriented B-SiC in three-dimension

(a) New axes; (b) Transition axes
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N T A HT RS A, SRR e O X =[112], ¥ =[110],
' =[111], JA5A oo MK, Si Ml C JET I =4E23 i HEs K 3-2 (a)
iR
3.3.1.1 #RTHK &R

B ARAR 0I5 5 5 SR AR AR R R 3 B, BLZ b, WA e a (459),
R — AP R R 75727, WE3-2b)FTR: FLL 7, R BERE 4

((arctgn2)°), FHEVHTALKT R 392, WIFEI3-2() BT 5. LA 2% ] AL e i 010!
71, ST AR 2R 2 I AR BR824
(HELz Ml WiEHERs o (45°), #4328 —RlEAAR R X7y727 (R3-1)

2 3-1 <UI>H B-SiC 4% 1)y BEF Al AR SR IO I A bR R (X727 )

Table 3-1 Transition axes ()?”y”f” ) of new axes of <111>-orientated B-SiC lattice

Old axes
x by z
= & & an°
" 0+ & 0=
=" Q- ape ne

cosa cos(90°+ @) cos90°

(x",y",2")=(x,y,z)| cosax coso c0s90°
c0s90° c0s90° cos0°
| (3-1)
cosad —sina 0

=(x,y,z) cosx cosa O
0 0 1

Q)LL 3" Ky, W EFERE 5 ((arctgn2)°), REIBALRE R %575 (#3-2)
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2 3-2 <I1I>HA B-SiC 25 0] 5 B (35T Ak AR R (XYZ)

Table 3-2 New axes (X )z ) of <l11>-orientated B-SiC lattice

Lt _}r“' "
x' 8 90° 90°+ 8
' 90° 0° 90°
z* 90°— 3 90° 8

cos c0s90° cos(90°— f3)

(x,y,2)=(x",y",2") co0s90° cos0° c0s90°
cos(90° + c0s90° oS
O +5) o s )
cosf 0 sinf
=x",y".z") 0 1 0
—sinff 0 cosf
JIT LA 5 e 4 0 2R A0 R
cosae —sina Of cosf 0 sinf
(x",y,z)=(x,y,z)|cosa cosax 0 0 1 0
0 0 I[[-sinB 0 cosp
cosacos B —sina cosasin
=(x,y,z)|cosaxcos B cosa cosasinf (3-3)
—sin B 0 cos
x'=xcosacos f+ ycosacos f—zsin [
y'=—xsina+ ycosa (3-4)
z'=xcosasin B+ ycosasin S+ zcos
Elﬂ?sinazﬁ, cosa=ﬁ, sinﬁz\/g, cosﬁ=\/§, Fr LA
2 2 3 3
x'=%(x+y—2z)
, 2
y ZT(J/—X) (3-5)
Z'= g(x +y+z)
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AR T P 4 3 R AR AR T 0 22 2, R UK TS A B 2R P AT s 0 AR AR e B
AR T ISR, T B Al b & R I T B

3.3.1.2 M)A EEEREFHILER

H1JB-SiCJ T~ 375 (feo) AR MY Sy, Tt SURIC it 73 ) 2H RS 42 37
Ji ks IR AT, W Frh— AN R (Y STEC R AL T o — AN M R C LS
JEF IR AL DU 4y 2 — Ak FE {111} TR L, ST o7, B
F5 1 ERSi g 7 R MCIR 1 2388 A AE, BI— =Sl 7 M —ZClsi 1. I
TR EYZ EoASIR T, SAHE FRECHT.

(D117 [ 2802 Js 11 b i Sifgt 1

UL xoy” SPIHAE A HE0Z T, LA y'oz” THIFE R EE05, LA 2'ox” VE N0
17, NES0JZ SR 71 1 B-SiC IR T HEF Ui PI3-3 BT R o

YU ] o % S TR AL R O <
[ _i-2j

4

y =12,

a

(@ M AEELE) (3-6)

a (i TN (3-7)

o _i-[2j+-(D)/2]
4
ly - i+[2j+(1-(=D")/2]

(i>0) (3-8)
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Fig.3-3 A schematic diagram of No.0 layer of <111>-orientated B-SiC lattice
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VE—AETE . Wi AT, A i, 7,0) %5 R SR -4k T~ B rh HB [ A7
By BN, AL, 7,0) X ST AR B AR I T A

(2)F HF[111]77 1) 35K JR 18 b SiskCIR Ak b
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6m- 1 JZIMICIHTA 7K 6m)§9@su§¥§éﬁbu£%x(hl,1); 6m- 2 (1S
JE 5 AR ATk 6m - 1%E@cﬁ¥%ﬁbnigx(l,h—n; 6m- 3 J2CIE T A7
6m - 2%6@81E¥%ﬁbni%x(1,1,1); 6m- 4 2SI T AH5 K 6m - 32 IICIR
?ﬁéﬁbui%x(—m); 6m- 5 2 MICIETFALKT K 6m- 4 221 Si 57 A b3 I
%x(l,l,l); 6m- 6 JZ KIS T-48K5 K 6m - sﬁmcﬁ%ﬁému%xa,—u);

HEARM AR, Zk=6m I, 2k RIE7 LS5 A8 bR n] IR -

’x,: i—[2j+(1—(—1)"/2)]a+ma
4

, i+ [2j+1-(=1)")/2]
<y = 4

a+ma (3'9)

’

i
Z'=——a+ma
2

Hk=6m- 1, 5k 2RI L CIE AR T IR A
o _i-[2j+1-CD2)]
4

Jye i+[2j+(14—(—1)")/2]aJr

+ma+2
4

a
ma+— 3-10
1 (3-10)

’

I a
zZ =——a+ma+—

Mk=6m- 20, k)RR SR AAFRA] LR IR A .

—x'= i—[2j+(1—(—1)"/2)]a+
4

y,:z‘+[2j+(l4—(—1)")/2]a

a
ma+—

+ma+% (3-11)

’

i
zZ'=——a+ma
2

Hk=6m- 30, 5k BT _ECIE T AR T AR
o _i-[2j+1-CD/2]
4

V= l+[2]+(14—(—1) )/2]a+ma+%a (3-12)

3a
+ma+—

’

i a
zZ =——a+ma+—
2
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Mk=6m- 40, k)RR TSR AAFRA] LR IR A .

;¥:i—pj+a;(—nvzna+
1y = i+[2j+(1“—(—1)i)/2]

a
ma+—

a+ma+a (3-13)

, I a
z =—5a+ma+—

2

Mk=6m- 50, k27 H ECH T AR AT AR R4 -

[ z‘—[zj+<14—(—1)" /21,

d R EE a2 (3-14)

3a
+ma+—

’

I a
Z'=——a+ma+—
2 4

Mk=6m- 61, k2R TH SR AAFRA] LR IR A .

Fx, _i-[2j+(-(=D"/2)]
4

,_i+[2j+(1=(=D)")/2]
<y = 4

a+ma+a

a+ma+a (3-15)

’

i
z =—Ea+ma+a

3.3.2 <I11>Hm) B-SiC mf&EH Si #1 C J& FBYIE SR

CVDIESICHE A KT W ok 27 37 n), AE S ARy W3 H ALK E, Sifn
CIR T B A8 AT LUE o R o k88, A i it JohHTHR, B4
K FATAN—NSIC R FEF Sisk C st M, AR N (x),,15,,2,, ), FLa—4REE Y

FCRCEE A 4B S 5 IR B
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Fig. 3-4 The first neighborhood of Si and C atoms in <111>-orientated B-SiC lattice
(a) the neighborhood of Si atom; (b) the neighborhood of C atom
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Kl 3-4(a)fi7s. B Si 111 4 AN BAE R E 2 mhe A C,, C,, C,, Cy, SLARFR A«

’ ’ ’ a a a
Xec, s »Z XsisVsisZsi +(—,—,—
( ¢, Ve, co) (X s ys s) (4 4 4)
’ ’ ’ ’ ’ ’ a a a
(xcl’ycl’zq):(xSi’ySi’ZSi)+(_ZJ_Z’Z)
) (3-16)
’ ’ ’ ’ ’ ’ a a a
X Ve zn )= (X Ve 2 )+ (=== ==
( G ycz Cz) ( Si yS S) (4 4 4)
a da a
Xe.s z XgisVsisZsi + - -
( G st C3) ( Si yS S) ( 4 4 4)

RETAHURCIUT RIS, FEARKRN (<37 20) S AE AR E3-4(b) T

BECI 7 14 e SR B 73 AL Siy, Siy, Sty , Sy, FLARKR A -
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( Sig >V si SU) (XcsYesrze) (4 4 4)
’ ’ ’ ’ ’ ’ a a a
(xSil’ySil’ZSil):(’xC’yC’ZC)_(_Z’_Zﬁz)
< (3-17)
’ ’ ’ ’ ’ ’ a a a
Xsiyo VsiysZsi, ) = XesVesrZe) =7 —
( siy > Y si, 52) (XcrYesZe) (4 4 4)
’ ’ ’ ’ ’ ’ a a a
Xsiy»VsiyoZsiy ) = X sZo) T
( siy 2 Vsiy s3) (XcsVesze) = ( 474 4)

R M ACESIECIR 1, M, M, M, M, 53 337 M FE IR DY A S 4%
PE o LREMEUZE BT EZ AR A R (B-16)HI(3-17)IX P FHE UL, X TB-SiC
MR IRAEE AN R, AU AR, Kk, Rom M R FHTERZ K.

’ ’ ’ ’ ’ ’ " a a a
(xMOJyMOaZMO):(xMayMJZM)-l_(_l)kl (ZaZaZ)
’ ’ ’ ’ ’ ’ a a a
(leayMI’ZMl):(xMayMazM)-l_(_l)kM (=)
4 474 (-18)
x/ , ’ ,Z, — xr , ’ ,Z, + —1 kM g’_ﬁ’_ﬁ
( M, VM, Mz) (X35 Y2y ) +(=1) (4 44
x/ , ’ ,Z, — x/ , ’ ,Z’ + —1 kM _g’g’_g
( My Vi, M3) (X35 Va2 )+ (=D ( 14

3.3.2.2 F—EMBLIR ARSI KR

N T T EGAR, A ENIEB-SiC AR STANC IR 7 (KL AR AR AR IE SEANIE 1K), 1B 75
T K A 3T 405 A b oF I P B I e Bk 3R 51 R R, 8 kT AR R
(xh,, V20 ) IISIERCIE T M, FoxE N R 51 0 Gy, s jyy oKy ) « SIBCIR T M 5
B A B T I 2R 5 |2 R PR 0T DG R A R T

(WM ST H6em)Z(m=0,12....)
@M pEITEES, =2n- 1,n=0]12.....)

(g, > Jar, K, ) = (iag s Jag Ky ) +(0,0,1)
(v > S, Kag ) = Gy s Jog Ky ) +(1,0,1)
Vi s ) = Gy g ) + (O T)
_UMﬁjMkoé)=(51h5rkM)+(QoJ3

(3-19)

(b)M FAETARES(i), =2n,n=0]12......)
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(s oty g, ) = Ging s Jg oy )+ (0,0,1)

(v > S, Ko, ) = Gy s g Ky )+ (1,1,1)
Givg, » Jor, Kag, ) = Giag s g Ky )+ (0,1,1)
| Gaty s Jogy Kag, ) = (oo Jag Ky ) + (0,0,1)

(3-20)

QM ST HE6m- 1/Z2(m=01.2......)
@M EITEES(i, =2n- ,n=0]12.....)

F(iMo ajM(, 'kMO) = (iys Ju ‘kM)+(050aT)

(l'Ml,jM1 ,le): (A5 o Ky ) +(0,0,1)

\,: . . - (3-21)
(lM2>]M2 ‘kMz) =y J Ky )+ (1LD)

L(iM3 3'.].M3 'kM3) = (lM:»,]M 'kM)+ (T,Oyl)

(b)M pATEES(i,, =2n,n=0]12......)

(G, o, Ko, ) = (g k) + 00,1

(l'Ml N .le )=y, ]y -k, )+(0,0,1)

\,: . . - (3-22)
(lM2 > J m, 'kMz) =y J s k) +(1,0])

(Giar, > oty Koaa, ) = Gags g Keag ) + (1,1,1)

Q)M ST 6m- 2 FE(m=0,12......)
@M EITFES(i, =2n- ,n=0]12......)

(G2 T, kg, ) = (ags Jog Ky ) +(0,0,1)
(v > S, Kag ) = Gy s Jog Ky ) +(0,0,1)
(v, » Jor, Kug,) = g s Jog Kpg )+ (1,0, T)
s, > oty Koaa, ) = Gy g Feag ) + (L,L1)

(3-23)

()M ST ES(, =2n,n=0]1,2......)

(g, Jag, kg, ) = (iag s Jag Ky ) +(0,0,1)
(v, > Jor, g ) = Gy s Jg Ky ) +(0,0,1)
< (v, s Jor, Kag,) = Gy s g Kopg )+ (L1LT)
Gty > oty Koag, ) = Gags g Keag ) + (1,0,1)

(3-24)

DM EATHem- 32 (m=012......)
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()M piAbT#H(i,, =2n- L,n=0,12......)

[(Girs, s Jas, Kag, ) = (g5 Jrg Ky ) +(0,0,1)
(i s Jar, Kag, ) = (g g Kop )+ (1,0,1)

< (irr, > T, Har, ) = (iag s g ey ) + (0,01
(Gag, s sy K, ) = Gy g Keag ) + (0,1,1)

(3-25)

(b) M sSAETFAEEAN(, =2n,n=0,1,2......)

[(Girg, s g, g, ) = iag o g Jep ) +(0,0,1)
Gy > g, Kag, ) = Gy s g Koy )+ (LD

< Cirg, > s, Har,) = (g s Jag Hep ) +(0,001)

(Giar, > oty Koaa, ) = Giags g Keag ) + (0,1,1)

(3-26)

GYM ST 6m- 4FE(m=0,12......)
@M EITFES(i, =2n- ,n=0]12......)

[(Grr, s T, kg, ) = (ag s Jyg Ky ) +(0,0,)
Gy > S, Kag, ) = Gy s g Koy )+ (LLT)
< (irg, > Jor, Kag, ) = Gy s g Ky ) +(0,0,1)
Gaty > Jory kg, ) = (ags Jog Kyg ) + (0,1,1)

(3-27)

(b)M rATEES(i,, =2n,n=0]12......)

'(iMO vt Ko ) = (g s oy Ky ) +(0,0,1)
(irg, s Jog, Koar ) = g s g oy ) + (1,0,1)
1. . o — (3-28)
(lM2 >Jm, ‘kMz) =y J k) +(0,0,1)

L(iMs ’st 'kMz) = (iM’jM 'kM)+ (O’I’T)

O)M ST 6m- 5FE(m=0,12......)
@M EITHES(i, =2n- 1,n=0]12......)

[Girsy s Jor, Kag, ) = (g s g g ) +(0,0,1)
JCGati» s o) = G ey ) + (LD

(iar,y s T, Kar, ) = Cags Jag Koy )+ (O5Lo1)
Gy dian, Ko, ) = s g Keag )+ (0,0:0)

(3-29)
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(b) M S TAEEHI(,, =2n,n=0,]12......)

[Girsy s Jor, Kag, ) = (g s g g ) +(0,0,1)
VGt s ) = g g K+ (10.1)
(iag, s ag, Hoar, ) = (s g Ky )+ (OLD)
Gy Jos, ua, ) = Ging» o Feag )+ (0.0,0)

(3-30)

3.3.3 A EZHRIALE

TESPR M SICHE s ik Fe b, SICH BRI AR . (HAE TSRS FE &1
ANBEHAT I BR ARV EE, S B A2 B I PG PR PR 5% i SR FH 300 S 4 Aok i o)
JIT LAy T 3t G RS (1 SN, AERERIE R AR BT[N AE KT 1 (T
B<111>7i0 bR PR S 45 A o JLREA SIARUE i BAT RldR: NATE AR,
A R AR RS, JF BATH O 5. Tl —AN6x675 4% 1 61
TR, WEB-5HR.

(1,1) (1,2) (1,3) (1,4) (1,5) (1,6)

(1,6) 6,1) (6,2) (6,3) (6,4) (6,5) (6,6) (6,1)

(5,6) 5,1 (5,2) (5,3) 5.4 (5,5) (5,6) 5.1

(4,6) 4,1) (4,2) 4,3) 4.4 4,5) (4,6) 4,1

(3,6) 3,1 (3,2) (3,3) 3.4 3,5) (3,6) 3,1

(2,6) 2,1) (2,2) (2,3) 2,4) 2.5) (2,6) 2,1)

(1,6) (1,1) (1,2) (1,3) (1,4) (1,5) (1,6) (1,1)

(6,1) (6,2) (6,3) (6,4) (6,5) (6,6)

3-5 JAWITEIL A AT
Fig.3-5 Periodic boundary condition
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P 3-5 0 8] A7 R T 1 1A b, TN R BAR bR, R R AR
bx, A Matlab7.0% e 8 PRI A A RO 0 -
RowNumber=6
ColumnNumber=6
for k=1:RowNumber
i=k+1
end
if i==RowNumber+1
i=1
end
for 1=1:ColumnNumber
j=l1+1
end
if j==ColumnNumber+1
=1
end
Hrp, RowNumber h) 75 ¥ 1 AT (20 %0, ColumnNumber 2y 77 4% 1
HIZIE XA SHOT DRSS B AR R 34T B

3.4 <110>H 5 B-SiC =4 [R FZ= (8 [ 5 R & F & 1Y
3.4.1 <110>EN[E) B-SiC T 6] & f4 Y R F 24 R

AT AR RS, R s BE R ) T e A ¥ =[110], ¥ =[001],
' =[110], JRsd5 K00 BLBAAbRH, SIFICIR ¥ 1) — k=5 [ HES] an E 3-6(a) BT 7
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X X
(a) (b)

3-6 <110>H 1] B-SiC — 475 [] {1 AA bR J e 4t s i K]
() FrAbsR; (b) LPAEbRR
Fig. 3-2 A schematic diagram of transition axes of <110>-oriented B-SiC in three-dimension
(a) New axes; (b) Transition axes

3.4.1.1 BRTHRXFR

B ABKR IR S5 5 S5 ARAR R AR R — 0 W0 ho, BLZ i, WL BERE a (1359),
1FBN) AR R 75727, WEB-6(b)FT7r: FFLLX il W ER: 6 (90°),
TFRHAAR R X572, WIEI3-6(a) TR e M4 2 (R AR ARt s A, 9 IH AR AR 3R 2 [H]
AR BRS¢ R UTT

(HPLzZ Rl Wl EE e o (135°), 38— AR 2R X79"2" (£3-3)

%% 3-3 <110>HLJ) B-SiC 7% ] »5 B 1A T A bk 2= K Ik Y AR AR R (X792 )

Table 3-3 Transition axes ()?”?”Z”) of new axes of <110>-orientated -SiC lattice

o1d axes

\ Angle() x Y z

tion axes
x" a 45° G0°
ol & o 0"
z" q0e q0° e
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cosax cosa cos90°
(x",y",2")=(x,y,z)| cos45° cosax  c0s90°
c0s90° ¢o0s90° cos0°

cosar cosar 0 (3-31)
=(x,»,2) 72 cosax 0
0 0 1
QLA X" A%l IEINEFERE 5 (90°), 1REIHARKR R X577 (3-4)
2 3-4 <110>HL [ B-SiC 25 ] S BE B AR bR R (XPZ)
Table 3-4 New axis (X y'Z ) of <110>-orientated p-SiC lattice
Tratisi-
101 AXES
; L I}?" i
Hew * ‘
fHE S
x' 0 ol Jai
¥ A A 0%
z' an- 180° Jai
cos0° cosfl  co0s90°
(x",y,2)=(x",y",2")| cosff cosfS cosl80°
cosff  cos0°  cosf
1 cosff O
=(x",y",z2" ) cosf cosff -1 (3-32)
cosff 1 cos
JIT DL & R e O8I
cosa +cosacos 2cosacos ff —coso

"y, 2)=(x,y,2) g“‘COSdCOSﬁ gcosﬂ +cosacos B -cosa |(3-33)
cosf3 1 cosf3

x" = x(cosa + cos xcos f3) + y(\f + cosax cos ) + z(cos )

¥’ =x(2cos axcos ) + y(\f cos B+ cosacos B) + z (3-34)

z'=—xcosax—ycosa+zcosf3
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2
T cosa = —cos45° :—g, cosfp=0, LA

5
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X=—(y-x
2@ )

Y=z (3-35)

7
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Z’=—"(x+
_ 2( »)

AR T P 4 3 B0 AR T 0 22 2, R UK DA b 28 P AT s (0 AR A e D
L A N Y ST TN TR A R 2 N N <9 B VA

3.4.1.2 [110] A& EREFHILER

XTB-SiCIAEELZ, B SR, WESACIH T MTHEUE, B
HIACIR T, WY KNS . K3-7H 7~

&l 3-7 <110>1 i) B-SiC PRI T HEF R R
Fig.3-7 A schematic diagram of <110>-orientated -SiC lattice

(D[110]77 17 250)Z )5 ¥ 1 _ESIAICIR 1
A5 LA X oy T THAE N SBOZ IR 71, L y'oz VTHAENEEO0F, LLzox” {E M50
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3-8 <110=>HX i) B-SiC H Si Al C Jst ¥ i i HES 75 i
(@ B0/ (b) £ 1)z
Fig.3-8 A schematic diagram of Si and C atoms of of <110>-orientated -SiC
(a) No.0 layer; (b) No.1 layer

(@)[110]A4Lkr#l E(j=0, k=0)
i AR SRR I SiR T

x'=—(ia)/ 4
Y = (ia) /4 (3-36)
zZ’=0
i AR ET R HCIRT
x' =—(ia)/ 4
vy =(ia)/ 4 (3-37)
Z'=—al4
Mg R AR E
x' =—(ia)/ 4
V' =(ia)/ 4 (3-38)

Z=[(-1) -1]a/2

(b)[001] AeAxH (i=05 k=0)
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BEEAQR)FEIE (110} E(i>0; j>0; k=0)

x' =—(ia)/ 4
¥ = (ia)/ 4 (3-40)

x'=0
¥ =0 (3-39)
z = ja

Z=[(-1)' +8j—1]a/8
(Q)[11015 [ 55 12 1 17 _ESiANClst 5~ Ab b
Ak =11<110> 7 71 B CIR 5 HE A EI3-8(b) v e & miABHR 5 R 51K
RUNF:
(@)[110] 2455 (j=0; k=1)
2 NAEFRELE, ACIRF(i=2m, m>0)

x' =[(1-i)a]/4
V' =[(1+i)a]/4 (3-41)

Z=al4
L AR TR, KNSR F(i=2m-1, m=>0)

x'=[1-i)a]/4
v =[(1+i)a]/4 (3-42)

Z=al?2
B TAE AR B = 0)

x'=[(1-i)a]/4
V' =[(1+i)a]/4 (3-43)

Z'=[3~(-1)")a]/8
(B[00 A b5 L(i=0, k=1)
x'=0
y'=0 (3-44)
z = ja
BEEMMMERIE10}H E(i>05 j=205 k=1)

x' =[(1-i)a]/4
¥ =[(1+i)a]/4 (3-45)
2 =[3=(=1) +8,)al/8
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X =—((k-i)a)l4
V' =((k+i)a)/4 (3-46)
2 =[(=1) +8j—1]a/8

(b)Yt k =2m- 1JZH)

x' =[(k—-i)a]/4
V' =[(k+i)a]/4 (3-47)
2 =[3=(~1) +8,)a]/8

3.4.2 <110>HY[g) B -SiC =P Si 0 C [RFHYITER

AT B A4, I HTEIL T o 5 TATA —ANB-SiC 5 B SiEi C iR 1
M, HAFR K (x,, 5,20 ) 2005 H R B 4 Faln A )5 IR AL 2,
T <110>HX ) B-SiC s B H 28— 48 B - AR AR AT Y. 96 &R

LEFTELA ,  B-SiCHEZ TR SIFNC 5 7 UL 48 -5 75 302 SiAIC st 1 H I AR
AN T HARE— R A (0 AR SRS (0 D) I SIELC R i A A
[[lo N2 AT ROA, WK 3-9F13-1017R,
3.4.2.1 F—IR LB IR Z (B RYXT 2 K F

(WX TFEE)Z b, = 2m JE TR

¥ B-SiC A B EUZE , BB ASIE T, I NCIR T X TAAFR A

(x> Vs 25) SR T IS UL, DU B A4 B 53 Mk €, €, C,, Cy 55 34D
rkI3-9@) s 1 TAERR (xC, ve,20) CIEFIATEL, YA BT S AL 5353

Wk Siy, Siy, Siy, Siy, 55— AR E3-9(b) . HARKRUI T :
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: Cal1111 L
G 0 .- Sii[i11
S Siy[i11] i
Sif110]
Chio
Sis[lli] Sial1111
1n
- Copiti
Ciiiq 2
(a) (b)

3-9 <110>H [ B-SiC miBE P %)= Si Al C I 75— w4l
(a)fBHF Si Jgt 7 HIAREL: (b)ar £ C Jat 5~ i <i
Fig.3-9 The first neighborhood of Si and C atoms in <110>-orientated B-SiC lattice on even layer
(a) the neighborhood of Si atom on even column; (b) the neighborhood of C atom on odd column

@M SIS, Wi, = 2m

[ ’ ’ ’ ’ ’ ’ a
(X,y JZ)MO :(xay :Z)M +Z[1a1a1]

’ ’r _r ’ ’r 7 a T 7T
(x%y aZ)Ml =(x,),2)y +—[L1,1]
. (3-48)
(xloy,aZI)Mz =(x,9y’az,)M +Z[1alal]

’ ’ 7 ’ 7 7 a — -
(x,y 9Z)M3 :(X,y 5Z)M +Z[15191]
byM SSHEDTES, Bli, =2m - 1:
[ ’ ’ 7 ’ 7 7 a — -+
(xay 7Z)M0 :(x’y 5Z)M +Z[1a1’1]

’ ’r 7 ’ ’ a —
(xay :Z)MI :(X,y aZ)M +Z[1alal]

) | (3-49)
(3,20, = (0, 2) +Z[l’1’l]

’ ’ 7 ’ ’ ’ a T
(x5 052)y, =(X,0,2) +Z[l,11]

QX THEZ ke, = 2m - 1 JR PRI
X1 B-SiC R BRI A Uz, BEGACIR T, AEBIASUR T K TAAFR R
(X, v 25) HISUR TR B, DUAN B ARG E 4 Wieh C,, C,, Cyu Gy, » B —3TAR
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WE3-10(@) 7. RTA6R 0 (x, v, z0) BICIE T HITEOL,  DUAS SR AL & 73 7))

WA Siy, iy, Siy, Sy, » U ABUNEI3-10(b) 7. HARFRUIA -

) Col1111 )
C - Si
3[111] Sia(1i1] 1[111]
Sif110]
Cri10]

) ) Sial1111
- Coin Siz[111
Cii 20 s

(a) (b)

3-10 <110>H 7] B-SiC riPErh&74z Si fl C Ji 1 15— 4
(a) A Si Ji 7 IEAE; (b) BES C sty Ab T ia 4R
Fig.3-10 The first neighborhood of Si and C atoms in <110>-orientated -SiC lattice on odd layer
(a) the neighborhood of Si atom on odd column; (b) the neighborhood of C atom on oven column

(@ M SSAEMEES], Bli, =2m ;

[ ’ ’ 7 ’ ’ ’ a ———
(X,y 7Z)MO :(x’y aZ)M +Z 1,1,1]
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(xay :Z)MI :(X,y aZ)M +Z[1alal]
: o (3-50)
(X020, = (0,20 +Z[l’1’l]

02, = 072 +5 [LT]
byM SAEFTH, Wi, =2m - 1;
(<., ), = (52 + 5T
(5, = (2 + 4 ILLT]

1 (3-51)
’ ’ ’ ’ ’ ’ a — . —
(Y52, = (052 y +Z[1,1,1]

’ ’ ’ ’ ’ 7 a — —
(X Y52y, = (X5 052) y +Z[l,1,l]
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3.4.2.2 F—iRSPFRIIRSITR X FR
(DX TAERR A (0, Vi 20 ) R EUZ IR T, Bk, = 2m 1E0L:
(@M SAEEES], Bli, =2n:

(i, /,K)y, = (i j,K)y +(0,0,])
(i, j.Kk)y, = (s j k), +(1,0,0)
(i, j k), = iy k) +(1,0,0)
(s /oK)y, = (0, K) ) +(0,01)

(3-52)

byM fAEFHES, Wi, =2n- 1:

(i, .K)yy, = (s juK), +(0,1,1)
(6, ], k), = (s J, k) +(1,0,0)
(i j, k), = (s jo k), +(1,0,0)
(G Jo k), = s jiK),y +(0,1,1)

(3-53)

QYA TAERR N (x)y, oo 20 ) AR IR T, Bk, = 2m - 1 1 L:
(@M sAEEES), Bli, =2n:

(1, /,k)yy, = (i), +(0,0,1)
(i, j.K)yy, = iy . K), +(1,0,0)
(s Jo k), = (5 k) ) +(1,0,0)
(G,/.K) s, = (K)o +(0,0,])

(3-54)

bYM fAEFHES, Wi, =2n- 1:

(i, /,Kk) s, = (i, j,K), +(0,L]1)
(i, j.Kk)y, = (i, j.k),, +(1,0,0)
(i, j k), = iy k) +(1,0,0)
(s /oK)y, = (655 K) y +(OLT)

(3-55)
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3.5 <100>BER[q) B-SiC =4 R T+ 8] BE 5 By E F & B

3.5.1 <100>EX[g) B-SiC Z= &) & b4 B JR F 2L R

AT BT RS, R s BB ) T e OA ¥ =[011], 7 =[011],

Z' =[100], J5 545 ko, MErAkARr, SIFICHH T # =4E45 Al an&3-11(a)fr

N

n

0 yy

YX n

(a) (b)

P 3-11 <100>HR [] B-SiC — &k =[] (1) A b 2 e B I
(a) Brabbr s (b) MIEAAKR R
Fig. 3-2 A schematic diagram of transition axes of <100>-oriented B-SiC in three-dimension
(a) New axes; (b) Transition axes
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BABARIC SR 5 AR AR R R — B0 B ko, LAY fl, WBELiER o (90°),
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2 3-5 <100>H 1) B-SiC 2% 7] a5 BT A b R (LI AB AR R (XY 7Z7)

Table 3-5 Transition axes of new axes (X y'z ) of <100>-orientated B-SiC lattice

Old axes
Trans1- Angle(’] * d i
Hon &xes™,
x" & o p¥s
" & 0e &
z" 0° & &

cosx cosa cos0°
(x",y",z2")y=(x,y,z)| cosax cos0° cosx
cos(2r) cosax cosax
(3-56)
cosa  coso 1

=(x,y,z)| cosc 1 cosx
cos(2cx) cosax cosa

QLA z” A%l, IR ERE p (135°), 133205 ALbR R X752 (K3-6)

2 3-6 <100>HL i) B-SiC 4% [ & M Ak R (X792
Table 3-6 New axes (X 'z ) of <100>-orientated B-SiC lattice

xﬁ' J.?H Zl‘f
x' 8 45° 90°
' 8 i 907
z' 90° 90° 0°

cosff  cosfl  cos90°
(x",y,2)=(x",y",2")| cos45°  cosB  cos90°
c0s90° ¢c0s90°  cos0°

cosff cosff O (3-57)
=(x",y",2") % cosfB 0
0 0 1

It UL R O R T R
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2
cosacosﬁ+70030{ 2cosacos 8 1

’ ’ ’ 2
(x',y,z)=(x,y,z)] cosacosf +§ cosacosfB+cos B cosar | (3-58)

2
-cosf + TCosa cosocosff—cos B cosar

X = x(cosacosﬁ+fcos a)+y(cosacosﬂ+\/25)+Z(\/2§cosa—cosﬂ)

¥y =x(2cosacos B)+ y(cos arcos B+ cos )+ z(cos acos B—cos 3) (3-59)

Z =x+ycosa+zcosa

7T cosa =0, cosﬂz—cos45°=—\/2§, B A

x'zﬁ(y+z)
2

,_ 2 ;

y=—I(0z-y) (3-60)
2

Z'=x

R LA_E P 3 B0 AR AT 0 22 2, R UK T A b 28 P AT s (0 AR A e D
ARBR AR T IIARAR,  ANITTRA 2 BT AARR 28I IR S T

3.5.1.2 [100] A6 & B[R FHILFR

(D[1007/5 1) 2502 i 7~ 1f _E A SiJi ¥

R — 2 2SR 1, IR X oy AR A 202 511, 38 y'oz P HIfE N
5051, HZox" ME BT, WIEE0E IR F 1 B-SiCJs FHEZ an B 3- 127

P 3-12 &Sl 1 R B AR BR A «

X'=0

Y =@G-jal2 (3-61)
=@+ j)al2

b4, j A ARG AT HL
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Kl 3-12 <100>H i) B-SiC H% 0 = Si Ji 7~ R4 7 & &
Fig.3-12 A schematic diagram of No.0 layer of <100>-orientated -SiC
(2)[100175 [ 55k )2 -0 L SiANC Ity g
DI EIZ NS T2, THIZNCI T /2. £ H (1001517 F, &

VUJZ—AN 3], nlEl3-13 s

[l 3-13 <100>H 1] B-SiC wd FEFR)— A Ji 1o 7 ]
Fig.3-13 One periodic schematic diagram of <100>-oriented -SiC lattice
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x'=ma
y'=(-)al2 (3-62)
=@+ j)al2

Wk =4m- 1, 55k JZ 71 _ECH A brn] LIRS A -

x'=ma+tald

Y =(i-j)al2+al4 (3-63)
=@+ j)al2+al4

WYk =4am- 20, 55k )2 F_ESiR TR m] AR IR A .

x'=ma+tal2

y’=(i—j)a/2 (3-64)
=@+ jal/2+al2

W=k =4m- 31, 2k J2 7 ECIE T AR brn] LIRZR A -

x'=ma+3al4
V' =@G-jal2—ald (3-65)
Z'=(+j)al2+al4

YU FAE I & > 0 Ji 31 SisiClat 5~ AA AR A -
o

X =—a
4
, . a . k
v =E(z—])a +ZSIHE” (3-66)

, 1. a k
z=—(G(+ j)at+t—(1—-cos—rx
‘ 2( J) 4( 5 )

3.5.2 <100>BR[5] B-SiC s & Si A C JRFHIIL 4B

A S8 T4 AT, NS e X TARAT—ANB-SiC s B v AR AR 2y
(X3 Vi Za ) IISIERC IR T M, FL3E — 1 4B 5 e pe gt ()4 B 20 b 1A & o
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- Sip[111] Siz[111]
_ Corini
Ciiy 2L
(a) (b)

] 3-14 <100>Hy i B-SiC ' Si F1 C i 75—
()Si JFIRIEAR; (b) C 5t 7 AJIL<E
Fig. 3-14 The first neighborhood of Si and C atoms in {100-orientated -SiC lattice
(a) the neighborhood of Si atom; (b) the neighborhood of C atom
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Xsiy>Vsig2Zsiy) = XesVes 2 —,
( Sig >V i 50) (XcsVerZe) = (4 4 4)

a a a
(x8119yS11 ZSzl) (X0 VesZe) = (4 4_1)
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|
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(‘xSlz’ySlz ZSlz) (X¢sYesze) = (=
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NG
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REEPRHRERE —NET, AL AR, ok, Rom M g5 Pree i) Jz2 ik .

(3-69)

3.5.2.2 F—iESPLIRIES I N K FR

N2 HSIEkCIR T M it R 51 Gy, Ly, .k, ) 5 BT AR B ik R 5 2

(DRI YR 2R

()M S 4m JZ(m=0,1,2......)

(g, > T, Krg, ) = (ag s Jag Ky ) +(0,0,1)

(v > S, Kag, ) = Gy s g Ky )+ (1,0,1)

P . — = (3-70)
ey Jar, Knr,) = g Jas Ky ) +(0,151)

Giag, s dar, Hoar, ) = s Jag deag )+ (0,0,1)

QM fiES 4m- 1)2(m=0,12......)
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[(Girg, s g, g, ) = iag s g Jepg ) +(0,0,1)

Gy > g Kag, ) = Gy s g Koy ) + (1O, T)
< (irg, > J s, Kar,) = oy s Jog Ko ) +(0,000)
s, vty K, ) = Gy Jag Ka )+ (0, 101)

(3-71)

GYM EAEF 4m- 2 E(m=0,1,2......)

[(Grg, s T, Ko, ) = (ags Jog Ko ) +(1,0,0)
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< (irg, > Jar, Kaa,) = Gy s g Ky ) +(0,0,1)
Gy s g, Kar, ) = (g Jag Koy ) + (0,1,1)

(3-72)

DM ELEF 4m- 3E(m=0,12......)

[(Girg, g, Herg,) = (iag s Jiag Jep )+ (1,0,1)
(rg, > s Kag ) = Gy s g Jeyg ) +(0,0,1)
(irg, s Jar, Kng, ) = Gag s oy Ky ) + (011
(g, Jar, Kag, ) = Gag s Jar Ky ) +(0,050)

(3-73)
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RHEA I, B AS ASREE, WiE3-150 3-16F13-17F7R.
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y={110]
Z. =={112]
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Fig.3-15 Lattice structure of <111>-oriented B-SiC
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Fig.3-16 Lattice structure of <110>-oriented -SiC
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Bl 3-17 B-SiC<100>H [n] [y yii B &5 g 1)
Fig.3-17 Lattice strucuture of <100>-oriented B-SiC
ATLLE Y, BRI B-SICHR dn A it M A BEAR K B-SiC bt s ME 2 W&, Ui
Hi T I 2 ST BB AR AR o T T B AT, i 380 ) STC IR PR i
SRR T AN T Pl AR IR A R R I A i TR RN, T AR BE T
fitli o
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(2) AT G R 1 N, AT B AR T I P I L, SR R R St

(3) HRHER-SICIR ¥ 1) s P R £ 2= 428, K H Matlabghi il T AHR AR 7, HE4U
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HEINE CVD 3% SiC FERIMMILF S IR4E B ph 2 5T

41 3 7

FECVDIL & SICHE M I Ry, S A 2RI DB N, PRI 4R it
T RIS Iy 0TI AU A, R oCH S, fEaf AP LA Al L, 275
518 T CVDVESICIE [ N s A AT e A AR A 5 S S AT ORI DTCRR S 7 HICRA
BEOX AN, AL T OB e PR, AR B N g AL S OV R Bl M
onte Carlofbi R LR TA ™ OB ) BE L RE A B) 7 27 d i Monte Carlofi 2l

4.2 AU FRMNAEIEHF Monte Carlo(KMC)#&EE!

FECVDIL I SICHR R, e ds e AR — RN O . TX 8l
R NS R GE SICHREPERE AR A I R 2= . BRI, AL 2 SO N TRIFFESICRE 1) A2
Ko AT A AL ) foe fE 3 AR

4.2.1 CVD;(SiClERAAE NI FERLN

FECVDIE B SICHREI, #HIMTS-Hy-Ar [ W AR R . TAMTS R
SICIHIHLEIARS AU, H AT =25 AL R PR (DMTSTE AR MR,
R ey, AR T, M P EMS TERSICs QMTSTE A
i, BEMERAZEKEEATSI. Co He CUXPYFCE I SRR, R
XL B OB R B ORGP SRS T, P AN B AKSIC: 3)M
TSTE A PR G it A SR , BRI B ER,  BAor AR B X R
SRR, JFREASGTURRIISICRIME s (MTSTE AN 20 iR, i A2 )5 P
ESICEZ I KK, Z G PIRERARSR M. Sonel" 45 A RN F MR 4is #4 ) 24 i,
ST T SICIIYTRE R, —BOAN S RS LU & 50br . AR HE2.3.2715 1 CVD
AR AT 738, MTSAE— @i~k &si. Co Hy CIXIYMITER, &
AT R (AR ELAE T B A AR, T SICHS i =i1k2700°C 4B B #
A, 7E BN B S BTt [ AH SIC
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K 4-1 CVD % SiC AR KRR 4k 2% S W AR 7Y
Table 4-1 Chemical reaction model of CVD-SiC film

No. Reaction A ; £ K200
mol/(cm’es) kJ/mol

01 MTS+H,—CHj +SiCls+H, - - 330,000 5.0x10°
02  MTS+MTS—CH;3+SiCls+MTS - - 330,000 2.0x10°
03 CH;3+SiCls—>MTS - - - 3.0x10"
04 CH;+SiCls—CH;Cl+SiCl, - - - 3.0x10™
05 CH;CHSiCL—CH,+SiCl; - - - 1.0x10°
06 CH;+H,—CH,+H 660 3.0 32,400 4.4x10"
07 CH4+H—CH,+H, 22,000 3.0 36,600 1.0x10"
08 CH3+H—CH,+H, 1.8x10" 0 62,761.5 3.3x10"
09 CH3+H+X—CH4+X 8.0x10% 3.0 0 4.6x10"
10 CH3+CH,—C,H,+H 4.0x10" 0 0 4.0x10"
11 CHy+CH,+X—C,Hg+X 3.2x10" -7.03 11,556.5 2.3x10"
12 C,Hg +X—2CH3+X 2.5x10" -4.6 412133.9 2.0x10°
13 C,He+H—C,Hs+H, 5.4x10? 3.5 21757.3 3.7x10"
14 CoHs+X—CHAH+X 2.4x10% 536 174895.4 1.8x10"
15 CoH+X—CoHyHH+X 1.5x10" 0.0 233472.8 1.0x10°
16 SiCl;+H,—HSiCl;+H - - - 5.0x10"
17 HSiCl;+H—SiCli+H, - - - 1.0x10"
18 SiCl,+H—SiCl+HCl - - - 3.6x10"
19 SiCl;+HCl—SiCl+H - - - 1.4x10"
20 SiCl;+H—SiClL+HCl - - - 1.0x10"
21 HSiCl;—SiCl,+HCl - - - 5.0

22 SiClL,+HCl—HSiCl; - - - 1.0x10°
23 28iCl;—SiCl4+SiCl, - - - 1.0x10"
24 SiCl3—SiCl,+Cl - - - 3.0x10°
25 CH,4+Cl—>CH;+HCl -3.0x10" 0.0 14900 6.7x10"

Note: A means pre-exponent factor, £ is temperature exponent, E is activation energy of chemical

reaction, k is rate constant

M. Ganz! U Bl 5 Y46 58 -4 & 6 1% (Coherent anti-Stokes Raman Spe
ctroscopy), AT T CVDILH 4 SiCH FIMTS-Hy-Arfk R 0 1) s S AH, RIS,
WRPAFAE2S ML [N, IR A-1TT7R . ZRE 58 LR BRI SR 45 1, fEg:

SEAR S NN, R0 RS T IR 25 R A S N

AR

MRHE 252.3.3 T CVDIE RE N 3h 2 S PR, e i 3 A ) v SR 2 5K(2-10)
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zn () Arrhenius J5 R, THSCH 0 S MR B 508 T4 4-17

422 RMERANLFERNE KMC &RU770%

RIE4.2. 175 A RCVDIESICIE A KHLE, Siv Cv Hy CHXPYFF TGRS IE
FE RO ARSI R T LA AR R BE B, BT T BSICHR . 7 [ e A K
ZAF T, SURICIR 1T DA% BESICHE A ¥ A% 45 W 70 BB I R TR,
] U L — ZR 81 R 3 1 e (I S 520 45 5 2R I sl I 2 v, AT T B SiC il
Ji o —ANGEEIR B 11 SIEC 7] A B IR [ A, TS S e 0 v
AR, MY =T MB-SIC A PER SIFICIR PN & . LA R WA &1,
B 4t 7 B-SiC = 4 it~ 7 [ B 41 (R A=A R, 7] LU A 27 HE STRIC Jid 7 2R i 47
(IR DR AS o

TERRLE R, AR B-SiC R BBk NI PR R B, 2208 S (1 3t S8 RN H 3 3
%, FHBR AR SIC, T B EER T AR, h T S MR A AN, fEx
Fly 77 T} (B B T AR5 1)) SR T I M 30 R4 A o 32 5 VR B D5~ (1 B4
HGURUT B AR ME 1), 2% FE TR & A R AR RS . Sk @l
2 HAN G BB Ji - TR EL A FH B BEAT B, IR A B 5 4% 2 S e ) AR K R

{EIXFIKMC 7y, — /MRS, HAVFE— MR I E R &
[N o AE— A7 B R AL — A RN AERR R — A3 fE— AR R, 717
Z Al REM S, TR AE — SR AR 26 5 i S 1 TR R0 T 1] e S 1 T R 1Y
AR IR e EESE PRI |, 5K B X Battaile ™ 45 A $2 H (¥ 20 =il T b

o HINTHE = w, | 3w, WO T LIS, (K

P AR SR K B 1 ek A5, BIFEKMCT v (A — I T S =y, 38

SEHEER(0, 1) I TANBERLEL S, M T AEHG SR e 6 5 i, 6197 56 2R
T

fw/im<ésim S, (4-1)
i=0 i=0 i=0 i=0

P w, RN, w, =0
N R A G, T AT AR 2 S R M A (RSB
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AN BEASDURALEL (T B e ) 22 AT FOB e, #e SLG R R, A R PRk
IRV /T AL VA Wik = iR SN P W R R O V1M T

4.2. 3 KMC A EH{FERHBIET 8] 518

Examine

® cvent

e LT

@ @ @ @ >
; S S S S S S t
0 (a)
SR

@ >

;Atll Aty I Ats I/\f4 % _____ t
0 (b)

K 4-1 MC J7iE I HORE 2 ]
(a) 448 KMC Jji%; (b) N E4E MC Jj i
Fig.4-1 Schematics of sampling schemes in Monte Carlo method
(a) Conventional kinetic Monte Carlo method; (b) N-fold way Monte Carlo method

FEAEGEIKMC 7 i3 P, P 4-1) BT, A DAEEEAN JR G050 1o A 1Y
o ] fE) BT, E AN NS TR () 5 P e 2 A — ANk TR RGeS E
ANBERAE I, P IR o 09 R G0 A Tl Je (R A 2 H A B A el m]
e, KA AR B H, R Tif A i . i T LR A
NEHAEMCTT7:, W4-10)h s, BFBGAE 2, q— R e, A3
ATRE IR, B T3 6 TT LAOE Ik A R AR B AT T 5 S At T DA S5 T R T
R PTR AR T, $m TR, WA T HEI RIS K, 5
ARSI IR IR ) B ACR BN AR, I HAT UG . X TCVDiLiil#SiC
s, SRR T P R AR IR BN B H AT BRIV, LB 5 SR HX b 3 25 ik i) 1
[FINEE B AAMC T ¥4

— B MU RN R ARG T R RE AR BN IR MR A 2% v e A
PRI ¥ BEEAT ST, AR e S W TR PR ek R, SR e i P (6 B ) 38 A2 mT AR )
21, SR AR @-7) T LARTELERE— I Iy, AR AR T 25 ) ek o
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M
At ==1In(&)/ D w, (4-2)
i=1

A & ——0, DZIEMEENIEL, 70 BERaRAELS € RIBEUIN TR Y, PeAy vl fig

P2 S DR PR SR ARSI AL B Py, SR R (A2 e NP H PR AR AL
Ko AR TR R

43 U . FHAMEMHIIESEN S N E EIE Monte
Carlo(KLMC)1& 5!

KN CVDEH & SICHE, YIRS AR b, IRl Bom oy A3, 45
AR, BT Hl SRJEHTI R AR A LS 2 R ) 1T, AT
FOE KK, BN BCRI IR 1 5y o BB DIRI RE AR BT, B AR, I
RN R SRR Z B S, TERIRIE M2 EiH . FEAREETTR, R 1RH
HNETE ] AR, T OGBSI . ARSI A X R IR, Bruschiy XL 24
By aRRIRI 00 Ny T A KRR RS, A SR AU W R T 11
RO =N R o A SCHRAE I AERS EREATHE— 2D IAEIT .

4.3.1 KLMC /3£

FEAMR TP I RGBS o, o S ks R Gk, T3 S B AT LA
FHERARAS LI 2 RORERAE, RGAIHAL LR SR s RITWEBR J5 5 (9 foR
i B S A g e (AL AR AT, I HLL BEAE S i i T R o

4.3.2 SHEEFIRRA. i auFnpR gz

AR A A A B, ] DU I 0 O =Nl (1) URDRL T~ BEA L ITORR 215
JRARTT,  FFAE B A2 e R 15 ()W PR e 1T B9k, Ay i b S
FeW MR TG, Btk QR FAER Iy o e b, il Jeah 3G L g
REJRERIN, ] BEZE A I BB B AR 1o ZERFSURL 1 AR R T 9 B
KIBOEIIEIL A 460t, B e A at, A2, bRk, h kit

FEIL AR 1 S B Ei R, B R AR R R — AN I (STEC IR 1) o IR
—ASIECIR T, IFRIRLERE R ST A R S B, AN AR S
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LIRERE, HEEA R RCE) . BRI ET A v K A2,
DRI 25 1 BRI G AR M KRB 9B, R OB R SR 2 Se v i [l JE A
RS2 F AL A R AL AE A2 IS AR AR T, ]
WO L S PR T 1~6 Nl Bk 1, 7~ 189 UL AT %

4-2 BRI IS
Fig.4-2 Surface morphology of substrate

DR PTRR gt S BBl () SRl AR AL B T 7 IS 2TV E AT 1. RSP T
[ B P P S s e gt o

v, =v,expl- E, / k,T] (4-3)

K vy = kT b, ARSI T PREE A, T—RRIRE, h—%

ALk, Boltzman[Xl ¥, E, —— Wk 12T HOT B W BT 75 v ik i 44
22,
W B A TP G RS T A B v R 3422y
E, =AEy, - e,=E, - E;- e, (4-4)
Rt AL, — BT BT G, ) BRCEIRCT (k) R AR, e, — i

TAEFEIRAR I 9 BOAR RE, W25 3CHR[119]
XEFNIERIE, Y BB AR RN S A m a2 v i

— M SRR E,, PP (HT=1000KHf, E,=—0.677eV; T=1100Ki, E,=—0.66

9e¢V; T=1200KH}, E, =—0.661eV),
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AE,, =(n, —n,u+n,E,, (4-5)

[/

A u—— IR AN AR I FARE,  n,— BB 7 A 2 o5 4k R 124K

Ho ny, =012 005 ny 05 M MEEBAT I T AN sl A 7
R PR 8 B 3R R T A 2 3K

v, =v,exp[- E, / k,T] (4-6)

Kot v, B THBESR: E =E, - e, HHE, =3 (), » (), SEALE

1 (i, j) (IR RRE 755 28 & A7 AR AR 5 o, —— R BERE 7 A 1 2 o 4 AR 7

HH e, —— WKL~ AT Ik 2 11 B0 B T i 22 s IR 35 22 (B0 Ry e V), W%
SCHR[1 7] Si-CHE F) 25 i g

HHT, EKMCEAUT Ry Z A BAE AR R kit 5, A
7 PR % 2R AT AH IR 1) 2256 35 bR HOB L SN R Z B EUE . FEABRL T, R
A — MR O P TA N TR IR R L M —AE, SRS 98 2P B 45
1B HUE A B R FRHRUTR o e HOS R, R 8 B K BOE R R
e, R IRIAH EAE R T Morse# pii £, 5B HREREUHEL, Morse# i
HHAE T AN FR IR JFTRIAN R 75 |6 FRORL 1 (R AH ELAE A AN, AEAE
VG, A£G B S B ek A i SRL 1 15 Wi 2% FE AR A
Morse ' AGE A1) HAR A K R R

u=u,expl-2a(r/r, - 1)]- 2exp[- a(r/r, - DI} (4-7)

A u A AR PRI AT e —

RRRE 1A AR5 u,
—ILRERL TR,y —— VAL EAL R F I B, o —— 5t 7 Z TR AH L
VERING R 24 AR ORI 7- 121085 TR S 800 BAREUE, 41 1&4-2v .

& 4-2 BRI AT 1 540
Table 4-2 Parameters of the model

k,/evk! vy /s’ Y% e u,/eN- - rymm e eV 4

8.61x10°  6.13x1013  0.751 6.63x10™* 0.376 0.189 4.508 2
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WIECVDIERER B Iy 27 5, WP Il P AE BRI HEA T, JF S e 745
B, XA RO R TR RO R s 3 R B 7 3R L B Y R, FHr
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i puw e S N R A == i v D= L1 VOl O

R0 I AT AR B AT — R s, V28— Monte CarloP¥#(Mon

te Carlo Step, [HFEMCS).

4.6 REE LI FRIEE

2 LIRCVDIRE, BB AR A DA R A ROV R s R 7T
SASO iR TF VAN A1 GO I I 1TF VA 0171 PO O i W il < S S /TP N = R N
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IR MR A R(2-6), VIS FTAT T AL R 1 TE R SR, 1T w, #75.
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AR @-1), EHEm AKRNY, ik, HRHARE-2) T H
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Fig.4-3 The program flow chart of the 3D atom scale model
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PRI FEAERK B, (1113, {110} F1{100} 1 iR R 7 HES 4546 1 = 4E e 5K
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Ko7 AR, R A g  TETEA TR 1) A K o Lo 5 BB NI /N S 3 T B,
M ASE A5 AR TEG () {111} IS AR A i o FR 2 —BE (Al 0T, an &l 5-1(e) s,
(U1 TGRS W P PR STsRC IR IR 7E,  SICHER HI A R HES IR B 3h & P,

LG RERE (1L S, X — 45 95 SOOI s 86 45— 3L

{110} 10 AR B SURAL S5 {111 i BB, DR R, Bl T AR W]
2 RN LU KON By (5 IR AFAE DRI TR A TR 2P = A B

M1 {100} 1, HHrpiA~ S ARG, FEE P HEARANI, BT W iR/ B
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(e)

K 5-1 ANFEAKFBCR, CVD 2 SiC {111} i 2 B
(a) VUBWI: (b, ¢, d) VORI (o) BhaSF
Fig.5-1 Surface morphologies of {111} facet of CVD-SiC film at different stages of deposition
(a) the first stage of deposition; (b,c,d) the middle stage of deposition; (e) the dynamic balance
stage of deposition
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(@) VORI (b, ¢ &) DO () sha P
Fig.5-2 Surface morphologies of {110} facet of CVD-SiC film at different stages of deposition
(a) the first stage of deposition; (b,c,d) the middle stage of deposition; (e) the dynamic balance
stage of deposition
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(e)

K 5-3 ARAKH B, CVD % SiC i {100} HIfFI& I TE 3
() VIR (b, ¢, d) UORHINS; (o) Bha1lr
Fig.5-3 Surface morphologies of {100} facet of CVD-SiC film at different stages of deposition
(a) the first stage of deposition; (b,c,d) the middle stage of deposition; (e) the dynamic balance
stage of deposition
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bao FRIHDREBE (M RIRATIRZ P, LI T H 7 HT- B RE P (Root Mean Squa
re Average, Hlc¢ #oR), HAAARAN:
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Fig.5-11 The relationship between surface roughness of CVD-SiC film and deposition time at
different MTS concentration
(a) {111} facet; (b) {110} facet; (c) {100} facet

AT T AEMTSHR 0T STCHEL TR R 32 (1 S iR, 4 25 e T2 ] 2 751200
"C, MTSHIUE S HH80mLemin™. 160mLemin™ F1400mLemin™', H'& T 224
AZEHITESL T, A HEMTSHR L 5 SICHR R MRS B2 0 AR &I 5-11. Hir i i &15-8 L&
R, AERKHE AR FEEMTSIKE 3G I m oK, X {111} {110} F1{100}1X =4~
TR, W RAHEWTH, BEAEMTSYREEIE N, HAR MRS R oK. [&15-11

-82-



S5 1LE CVD 2 SiC =AM B K fE 51 )R

RS UE T AR IERT

5.3.7 MTS HIREX SiC FEEER N E

13
16 (a) 12L(b)
141 s
10+
e 12f £ of
5 101 % 8}
3 8l 8 7}
g 6l  6f
S 4l —=—MTS=80mL-min™ |E 5 —m— MTS=80ml-min™
—— MTS=160mL-min™ 4r —@— MTS=160ml-min™
2r —A— MTS=400mL -min* 525 ¥ —A— MTS=400ml-min*
00 5 10 15 20 25 0 5 10 15 20 25
Deposition Time/s Deposition Time/s
18| —=— MTS=80mL-min™
% —e— MTS=160mL-min™
15| —A— MTS=400mL -min™

Thickness/nm
N

.
0 5 10 15 20 25 30 35 40
Deposition Time/s

¥ 5-12 A MTS W R, CVD 2 SiC 5 )5 B 5 UTRI )R 06 &
(a) {111} (b) {110}If; (c) {100}
Fig.5-12 The relationship between thickness of CVD-SiC film and deposition time at different

MTS concentration
(a) {111} facet; (b) {110} facet; (c) {100} facet

o R JES R [ 5 £E 1200°C, MTS ¥ & 43 Al EX80mLemin™' . 160mLemin™'. 4
00mLemin”, g TEBHAAS, MTSIKE L SICHHEE 1% R a1 K 5- 12071
AT, BEAEMTSIR BB, = AN Sb (¥ SRR 3 . B B S M T Sk
JE, TR ESICHRIEE . S, (11T BN LR 8 R, {110} TR TR,
{100} M fe bR, X2 PR A B AR NI R EUR SR, |1 {100} 0 14
KA LUK, I DL R e bl . &5 Bt it ie, MTSWKEERS I, A
FRIMAHRE LI, I ATE SRR AR 7=, AR FUZ B SKE BE M #E MM TSR B, X
MR T R TR, NAZLEE % 1& L 2SR5 .

-83-



DA TR 2 T 2 i

5.3.8 MTS BYKE X SiC fEE X2 E R 22N 1

1.1

1.0}
0.9+

y
o
o

Relative Densit

0.7+
0.6
0.5¢
0.4+
0.3+
0.2r
0.1+

(@)

—m— MTS=80mL-min™
—e— MTS=160mL-min™
—A— MTS=400mL-min™

5 10 15 20

Depositon Time/nm-s™

1.01(b)

> 08

[

8 0.6+

(0]

2 041

< —=— MTS=80mL min™

X 0.2} h —e— MTS=160mL -min™
0.0 —A— MTS=400mL-min™

25 0 5 10 15 20 25

Depositon Time/nm-s”

0.9Hc)

0.8+
> 0.7F
0.6
0.5¢
04r
0.3F
0.2F
0.1r

Relative Densit

—=— MTS=80mL-min™
—e— MTS=160mL-min™
—&— MTS=400mL-min™

0 5

10 15 20 25 30 35 40
Depositon Time/nm-s”

Bl 5-13 Al MTSWKEE R, CVD 2 SiC BRI %5 B2 5 IR N ] 1 56 5
(a) {111}Mf: (b) {110}1; (c) {100} 7
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Fig.6-7 The deposition process of SiC film
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gERIRRE, 2 SiCi A VAR sl (87-7) , I8 UL & 5 2350
TR7-27, KA SICRAAREI K TT <hkI>IGE T 040, PRI EK T <
hkI>5 G VL TT M I Je . NRT-2F T LR, <100> A E R A K 1T
R, I H<110>75 [ af BAE & [ LLIPRI[LL 1] & 1) A A2 35.26° T i T LA,
2o, AT 1.75~5.970H NI, SICHER I AE<100>E<110> i) b HAT A
R, TR BRI,

7-7 RAA<110>1 S AMI<100>T5 i, EUAARSBII<111> 8 ) SiC )\ i A 7s 5 18]
Fig.7-7 Schematic drawing of an octahedron showing a <110> edge, a <100> tip, and adjacent
<111> faces

2 7-2 TERR 11} T SR T s
Table 7-2 Edges and tips that can be formed by {111} facets

B

Direction  Shape Example n Adjacent facets Y
(deg.)
<110> Edge Edge of octahedron 12 [111] , [111] 3526 ~3/2
<100> Corners of octahedron 6 (1111 1 1][11 T] [1 1 T] 54.74 \/g
<100> tip Edge of tedrahedron 6 [111][1 1 T] 54.74 \/g
<111> Corners of tedrahedron 8 [T H][ 1 1][11 T] 70.53 3

Note: n is the statistical data of <hkl> direction. B is the angle between face normals and direction.

vy is geometrical factor.
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