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Abstract: With the continuous improvement of the integration degree of micro/nano electronic de-
vices, the replacement of SiC bulk single crystal with Si based SiC films is not only conducive to reduc-
ing the production cost, but also compatible with Si based large-scale integrated circuits. Therefore,
the preparation of SiC thin films on Si substrates has aroused great interest. In this review, the re-
search progress of four main physical preparation processes of Si based SiC thin films, including mag-
netron sputtering, molecular beam epitaxy, ion beam sputtering and ion implantation, is reviewed.
The effects of various processes on the properties of thin films are briefly described. Further, the ad-
vantages, disadvantages and existing problems of various processes are reviewed, and the future devel-
opment direction of Si-based SiC thin films is also pointed out.

Key words: SiC thin films; magnetron sputtering; molecular beam epitaxy; ion beam sputtering;

ion implantation

WFREHA: 2023-09-08,

EETE: T4 QAR VRN H (BK20191453) s 11954 BF 90k BHBFIBT HRIBE M1 H (KYCX21_2819.,
KYCX21_2825),

{EEB N HILEA98LI—), B, mEZR A, H1, IEEFLBIE, E-mail: jbsu@cczu. edu. en

SURAS: FITIE. KA. BT 4. S SIC MBI T EHGTIERLT. M2 AR RD
2024, 36(1): 9-17.



« 10 - FMKFFIR (ARAFR) % 36 &

VER—Fh LRI 3 fR SRR R, bR (SIO) HA Y ZWE ] A PR B A4, B2
R EIAR B R A AR IR A Z AR, 1T L, e, RS RS MR T . SiC R Rk
R P DA Kt €6 A s PR RO Bk T o S B S (4 ) BRI A A (. SIC R B8R TR £ 8,
BRI B 4 PR R BRAR R, SIC BERF AT B H T il . S YR A A A, X
BRRL, R AR A, eAh, SIC R —FE g LR AR, M e R filiAE SiC B, &
JE kL2 5 SIC P AT RRS . TR B S0 AR TR PES . (B, AT SIC R il bR a5 B
RO . AR R, HA T HAEAR AR N o Bl B2 AR AT K 8 LA Bl 25 4
BT FE A A . St 2k SIC MIBEEUY SIC IR, RAUE I TR A P2 liA . i85 St ek
B R S, NIRRT K SIC JERR R

SIC HA 250 ZFFRIZ SRS, RESEMEZ R ERER AR . fEARZ ) SIC R Z Sk,
HA 3C-SIC R T INET 458, 5 St g 22 50N, PRIHCAT ISR B — 2 1 7 I AR SR BT
FHUSIC M) o R 2 Mk, dn AH-SIC 1 6H-SIC, EHAG S A INEET 254, REA& S
RS XTARYE 55 St AR R 225K, A5 v U RS . B IR T A AL B, E A
XA AR, ATLLEG SIC RPRFER S O 2% IR T 2 R AL k. HAr Si%t
SIC AR A il £5 J7 Tk E B BT RIS: A SMVIEL (CVD) A S MU (PVD), Hop, fh2%
SRR — ML 5 3 38 T2 S DU, 45 B PRI 2 AV (PECVD), #VAT 22 4k 2% S AH BT Y
(HFCVD) 4 ; Wi FEAOH AN 2 B R Ik 5 . o0 FoRAME . B oIS . B FEA%. &
SIC WML A SARDIRU T, 22k SiH,, CiHpSis CHy, CH, S/ERIES. DL Hy, He Al Ar
NFEREMR . TERIE 1 000 CRRIRAME AT RN . SR, SRR IR A 5 6 Siwf s SiC
ZIA SRk, 7= A A A AR G R AL B . R RERE IR A KR B Sk
/DI BETR] R, A EE AR 2R S AU U, AT B A IR R R ARG, R A BB R s 1 SiC
VIR . HRTR SR DT R AR RIR A F 45 90K B SIC, ARk2EitHE L SiC S8R RE A S Y i A
SR Tz GEN . KT Stk SiC MRS B G £ T 2 ST o b A T R LiaR Rl 4E H 45 A
T2 HEAFAERIRIEL, IEXF AR & 8 7 1)

1 R

PSS T2 R AR e T HL RO S i —Fh T2 i M A e B T
SR IR B ey T S BRI (RS Bl I 5 5 B8 TV B LA A S0 . 2 — TR A
VTR WS B N, PR, TOW. RIS, T Sif SIC WR Tk Sk, S
ML PERERCES . BIFST PO S S e B0 R SIC B L SRS L AL,

RAJAB 407 i 3 B W 5 T 2 Ae 5103 %8 9 100~400 W B33 T SIC Wi, JFHL7E 1 000 C
g N, ST 1 D SRJFHERE it A 4 -0 2 - SRS T I AL B AR P
SAIH, BT SIC R AR R 2RI . W, ORE S 2 U e S A R I 3 44 4 1A
B, b, RIS SIC MBS T, SR B . (H SRR R R AT SRR R F A Z N,
S 35— 17 S 8 A 5 W 0

i SIC TR 4% A e T T T UL G A I B L 35 P il 20 e S S8 G DA
bR, SRS, R SRR <t AT D i P AL A T2 SOk . SINGH %5000 5% i 95t
PO T BEUR T SIC TR, SHIRIIZN 140~170 W, WFFE& B, [ I3 s, it s ke
[y Si BT C JET- MO SRERS AN, JUBLECRABEZ AR, T T B ok, (L2, Sk sh el
170 W EHTLARA SIC MR 25% b2 I VAT He 160 W B, 350 T Al R 24y 3o 125 5 D012 2 (o 0 5 7



% 1 27 HILIE LS A SIC MR & T LR R - 11 -

EFEDTRR Y SIC HEREAT — 2 2o MZN AR . R R 340 35000 55— 5 SRl 2 T B 17 s 2 R A
OB R, XWIERFS T Hall-Petch (H-P) KHM, &0 HP X R, d Tk RSN, 9
KRGS AR B A R4 5, AR R R BN GO . A SRS RE 7 AR 2 A ZE R, HoP
KARMERA .

BT AT LA 2ok S A s S SIC A il A8 SIC RS Ah RN RGN B AR B ke . H AT
R 9% 45 0 B AR PR RS 2 L B RE A . TAVSANOGLU %571 DL Ar Sk, CH,
RN, s SO AR BT AR 5% ~50%0, 3k L ROV BRI ST SR, #E ST R LA TR
Sy Al AR AR A SIC RS, 5 IR B, EAFRREETR , e Si/C R HE, AT LAIE Y SIiC Y
JerErERe. BEE C E g, SiC MRS G 8520 FREEIHEIL 0%, A BREMM 1.7 eV 3 m
2.7 eV, fEREMIET, TSR C &, S SIC B MGE PPIRS B SE BLRS Ui,
F SiUE T LM, SRR 2, — ORI IRS  Jrvk . RSOk [17] R B S
SO R I T AT G TR AR i T R G A A RE AR T — )

WANG 5 i el Fl ALRE, 78 Ar/Ny S5 PR R RO BERE IS 7E St A B8 T AR Y
AIN SRR R 22 oh)2E . Z )5 AR SIC #EAEAS R BE A AIN AR - SR AH W] E 1Y SIC R, P98k
B EWRSEA T OO AIN SRR SIC MR JR AR, BEE AIN ZZ2op 2R EEM N, SiC R
TR A /N B0, G 1 o, T ELEIE A B D e 3. X B AIN 2R 7R 30
fift T Si 5 SIC Z RIS L . PR IK 2R B0 DT L A5 [m]

<100 000 x100 000 100 nm

(a) 0 nm (b) 10 nm (c¢) 20 nm (d) 30 nm

1 AREREEE AIN HHE FH SIC FRELEH
Fig.1 Surface morphology of SiC films deposited with different thickness of AIN buffer layert"’

T Si 5 SIC Z A Atg R I . Bk R AU 22 8 R A i, SiC B2 oy AN Si 5L BB v . B
PIET Si B SiC i A IR IE 45 5 0 2 H Aj i i g iy [n) @il , 2R R 5] AR LA %M Si S
SIC Z[A] i kg R B IR, (H HFT SiC 22 vh)Z2 M BUL e — & iR RYE, 24 7E AIN Fil ALO; 45
2. ZHENG 25l i oo 7 B T, 48 Tify SiC . S0, JE. SicTHO, B TiO,
A5 5 FORTFIZZ w21 SIC R, SC80 & B, B ohZ2IEE/NT 0.4 pm B, [k TiO, BEZ4h, HAth 4
PSS B0 T T0UZ SiC R 402 F5 4, 10 TIO, BEEIRRAR T 432 Hdr. XHTFUIEAE Ti Z b2 RE S,
CE L ETETIR 5 8 o 2 Fim . Fofb 4 R 4 20 & A 78 28 o 2 5 eI T, AR 7R
SiAION/AIN 28 vh 2 i Ihifil 4 7 5ok SiC M, ARERTE T SiC i 11 2E M RE s M BE

BEAR IS B AR SE A UUB E  , DURUR EERAE I, A SRS TR R R M) Z R ., A
Jrdtumply T A SRR L A . Si R SIC #BJE TR AR AL B A — AR ) R A R S
M, HM K, EHOREE, 2 BT Lok i s g, 3 T BRI 25 IR A58 24 b n
RIS DR TAR SR S R 0 S B e s o e S MR 5 S B SR A e b, sl R iR 8 . B
RGP0 S5 1 45 1) SIC SRR SRR N R AEFE R . TR B 7 38 0 B bR v . R
T2 7L X B 0 B ML ST iR AN Y, e 20T 3d 2o AT 4B uiE— AR .



<12 - FMKFFIR (ARAFR) % 36 &

2 STFIRIME

SrFHRSME (MBE) JEH87E @ BLAS RSN .l ad m i B SO 5e ik sl 3 Jr 7548 4 Ja Vb
TE R F AR T3 38 R 55 U AR TR DR s A 5 B . AR 7. B AR
T B I E PATE A J5RE R 2 B D R P B — R BE Ao i 3 18T & 2B B I A
B, A RAME S M [E PR MBE IR MBE, DURUPT 25527 1 Yk 2232 i FH [ 9637 A K SiC
i, ZERFWAERERE AR T 1100 CHEBR T A RER H 100 nm J5 5 55, 75 ) HE S Z2
iz . AT HRAMELE SiATE EA K SIC W RT— B 2 Aokl i dt . 3l H PRk AL T IE SR A Sift
IR EBREMZRG . EE A MIRERME TG, SR THRAE I mAE

J T REAR SIC R KR, MOTOYAMA ™ ffi ] SIHCL #1 C, Hy SR UEAR B [ 2SR, 3
it SIHCL 5 C, H i Ho fERAR R A Sy, il 45t SiC iR, JeqE 750 "CAM Ml A CHOKE Si ik
fft. 10 min, Si 55 SiC FhRZ 2y 20 Y011 fivks 2k e [a) 075 A GE A, 302 SIC FA: K b2 55 4. SR
JrAE SIC BRI R, R B SR RIS 1000 °C, SRRy IR p(SIHCL) + p(CGH) =1 ¢ 3 [
SIC B T 2 B A BRI B A, A Pk

TANAKA 50078 1050 “CA404F . 8t gl Sowi A C, HL # Siy He 193 LU AMEA KT SIC
B, SCm R, MRS E R QC,H) + Q(SiHy) =1+ 1 i, 6H-SIC fithA4: MRk
e QCHD + Q(Si,He) =2+ 13 10 = 1 Af. 7EMBE A KA I B B, A8 3R 1 & A= B B 2R
H (Step bunching) . A~ E B [A] B AR X800, 0% B IR (9 47 HOK B8 45 T sl o 7 2 vE R, A
ST BB EIALE . AR 6H-SIC )R A . BEE G B TE R AR N, A RO A R TR
A1, R0 SRR T e A T BE & B O BRI R S B i 8, 6H-SIC ## kA K, 3C-SIC )z
HE,

S ST L . SRS T ARAMNEAE K SIC MERA BB SIS B o3 = T
KEFEFR, HFHAEBARMIRE T S5 ZUR e SIC 1, PR 225 I B4 Joi 26 1T 0 3 202k )
B, SREAALL, BRIVIERIEZ/MEZ, ZRIIRSHRCENER T, AT A S M, iR R4
SHEERE B SRR, dEE ROy U Y Sk Si %, FISSEL 21 R X Fh oy =U7E
fIKF 1 000 °C A3 T i P 1 RV 20 F SO AR K T B SIC R, S28 & B, SiC Y A= K Oy R HE
BB F AL Z L« AR HAR A 5o 1T HIE 52 St B2 00 )5 BE N5 A8 Ay sz 4556 Si B J2 J58
AR AT B SR — i T AR AR 280 SiC RRA Al ik, [FAR, IR R X Al 7 ik itk — 2D B AR A=
KR, $UF X —mksR,

09 T kAR Si/SiC BRI, SAMBONSUGE #5503 14 R4y 7307 30 4E Si (110) #iE
AR TR 3C-SIC (111 B, FFXF B A IR FE AT T R4 S0 0T, DR I, R SR TH AEAE
3 PR ERSG . AEHERE XS S AR s BRI S AR s A TE 2 ARG XS 2R

O3 F AN EFE AR TR I B2 B BORAR B, D AR T LASRAS i 4l I, sl o s )
SRS SO ARG . T T A AN A IR A K R AR S, P RT A TR 2 AME , DLAFSE
AR R PR TR . BRI AE K R A RS . AN, WA KRN AE R L, 5T RIME
W TR TAE, AE G R Tk bA: =,

3 BFRBH
BT SRR R MO K A S T RE R S B T, LB A B A R T
WA ke, DURRBIAS IR L A ] A5 BOR o B 7 RN A S SO A T B vl IS i 2428 |



%14 HILIE LS A SIC MR & T LR R < 13 -

FEMSH AR, EFHmSE . B ASMESE, MEENA AR BRI 13 SR (1
Pl

VALENTINI 4778 30~700 CHRIIRE T, A Ar 87 a4 St C #AERK T Sic
W, WP LI, AP &S Si—C P A B S, FELT 700 “C R4 IR BE T A=A 1) v 5
AT e i i m, Si—C e RAARMAH AT RIE L. 78 700 “CIF, S BN A 4
F+8% (Crystalline coherent domain), [ Si—C @, S BREElr SiC AR B B .

B AU B BOR WARACE T AR AR, AT Dhsd 2okl B IEAE DU RS I A T i o A Bl AR B
PG AUE el I AT LIS B AR R P A2 2 B SE R W80/ 2 AR 0 S8 T SRR R BRI
JIN SEFSUR B F O 5 1 7 vk il 28 17 SIiC i, Ao 2 B, 40 150 eV B TR H 25,
SIC R T AZAFHIRE . 45472815 S EUE, R I BEAE HE PR A RT3 e 5 5 4ol I 1] 1 B
1 AROBERL T S A ] 4 A R T

CRAMER %57 3 F 5 PRI IT R 5. 7E
ik, BORA AA YRR Bl A K T Si/SIC R

B, EATH 10 nm R 31 AXUZH AL, E 2 fr O
}j_:\‘o Tﬂ?ﬁ%ﬁi{(ﬁﬁ" ﬁﬁ%'ﬂi&%?ﬁiﬁgig Multilayers

300 eV, (HAFUTALEZE M % 3 nm/min, DIBHLRSE
TV, JLATRAME ] 1000 eV BB T AR, LU
10 nm/min (3 EEPR AR, SCE A B, XUZ R
A — SR G R — e 4% 5 X, I ELAE A S
FORARIK L, Si/SIC ZJRBER G H T &1
Seebeck FEL. HIEJLIKMEIFZ )5, Seebeck REIT Si substrate
AR, R AT AR 4 e i 5 2 TR] 0 B b

M RBORVCECRT 2B 4 il BT i) T8 8 £ i =

¢ 20 nm

EITRY, RESARIZR G R B 2 SiE 10 nm B EEAMEEEEED
BT RO S A R DUAR R, A S R Fig.2 SEM image of cross-section of a 10 nm lay-
FER GG IO HE LA 3. B8 o B I 55 7 46 er multilayer film on silicon'™’

FT MBI, ASTE TAEE . ASHA . S TR B R A . IR SR
WS PR AT BRI . R PR B T SR I SRR SIC MBS B A, AT A2 R GR A
Wt
4 BFEAN

BT AR TUCR P T E A T, 203 B LR LUE BT . 2t szt HL 2675 it
RHEASR AR . SRR RO RIAL L L R i C T A B SRR R . RS ZER S
PRI HEATRR IR R M ik T DA A5 IR TR BE T 36k SiC e

BFEATERH 2 AEESH. C WEAR AR JOEE . BRKES 7R IR T o 2 & Si
RPEARFFRN CT 0 SRF7E 1160 Cy N, SR A SPIEM SIC HUR BTG, BF5E &,
TER AT P RUE T 20 B ARG 15 SRR ZE RS IR 4 1F T R BE A MURUILRE . 43 REH SR T R
T, I, 18 N, AR )38 A B R M R e K — 2 SIO, (2972, SIC FhASHLE
KR EARTES CF U AR AR IR . BOREA BD TR St 10 Sk S . IS BN  Ha fE . 1
AT CF AR TR 20 A SIC Sk, (RSB % BT L SiC AR IR 4714



< 14 - FMKFFIR (ARAFR) % 36 &

il

LT A5 5 8 70 AR B T s 25 5 B HORAE St EUIRUT SIC i, KR A 40 keV fEHE
R 1L 510" A /em? MTEARTEAR] Si AT H AT BB, SRIFEAFIREE T, 78 Si AR
AL St C 7, R RE ST 20 keV BORHEY Ar B 7RI, A58, HFIGIREZLE 400,
500 ‘CIHULEE RN SIC BN AR A, HiRE TR E] 600 Cif, RN SIC RS . hTE
AR GE R AR E T P AR dh FP A it SiC ok AIRSSDIRR. Ll Wil Ar B T AR R . R
FRMASAPHIRE . H 2 IR A 40 K B B AR 3 3 13271

B FIEARAS & SIC Wi, — A maeR Y CRIETIEA . HOPF 4R HIikAE
(20 keV) 7R A RREAAE Si Rl H AL I 3C-SIC J=, X PrEsiny 3C-SiC AR IEBEST T HF5E
RIAERRATE AR BRI O . Si/SIC B | 1925 B e R Y #L. BEE CF A& Ry,
i AL BORF IR . AR 3 BN . FERRAE AR EGS A OLT . SR AR R SRR K R L A% =
Rl TEEALY 50008 LT 5 RAFBAF I R mPERE .

= : A
a8

A IR G e
o ﬂ:é“x‘;a J’#‘Q\;{\\
o e T O o
Y 7% : =0
\i._\,f,k.‘ ) Aa.‘jf]_.

OAS LA 20 2 oL —=

10 um

. e \\A’J.",‘.‘((.
(a) 7.6X10" em™2 (b) 3.8X10Y cm 2 (c) 1.0X10' cm 2 (d) 2.0X10'8 cm™?

E 3 1200 C BN 60 min i Si FREH SEM [EH
Fig.3 SEM images of the silicon surface at 1 200 C for 60 min-**!

SIC ¥R JZ A T mOR FHAE LB AR, (BRI E T Y B TR AR, T8 18 SRR AR
BRI T34 7730, NUSSUPOV ik f5* CTIEA S, ST HA R BRI 704 I
D SRR S SIC HERRE. AFSTR I, SIC BIBTIRAEZ L 1 250 “CHRyiR KALBS . 1 Tobak
PR PIRR N 4, Si—C SR SB08 N T 2306, SIC AR 43 5I4E 1 300 “CHI 1 400 °C Y iLEE
TRk 30 min, JErAETE Si—C R BBULP AL . B IS . AR TR A S5 AR IR 4
JERTRZ . Xl et il Tak & AR DAY .

SiC AL BHLARA T AR S 2R R 2 18] AP B BB R . B2 T 7 2 — WY 2R .
SARSWIEE . S5eRARRE TEAMLL . SRR T EA LR P2 A A ARG, —
R B IR AL, PR AR )

5 REERE

k>

FEHLE SR EAMES] 5 SIC AT, AMUBESEEL St TZ205 SIC T2, bl UK
HifF Si/SIC Stghdeft. Stk SiC BN IG &Ik A RS, ERAMUGENS . 70T ASME,
BRI . B TEARE . R, BRI RS T AR ORI il e 4t SiC SRR 1 75 AR
A SRS B FEAT MBSO, IR AR PR & R B 22 0 22 S A A . N BB A BT R A IS B
B R T AARE A SIC R, R A R O R A R AR . 2 T AUME SR A £ A Si
A C 5 Sio He A Co Hy SRR 2 HEREDRRIBRIE . FRId i PR R IR 730031 R BB P A 4
Ji& b AR SIC R, AR A R, (DT RS, —BEE TR A A — B0
e fEf g C AR SRR I AL SIC HR . BlJS 7P SR G P T J i g iR Ak BE R /b A A
PAOIAIEREE . R T R AE



% 1 27 HILIE LS A SIC MR & T LR R < 15 -

AEW—FR T2, Si K SIC IR R H 5 H TSI IR E 2 -SSR, — =M SidtRs SiC 2
[AFAAE A R 2R 022 S R 5 R R IC R TR Ik At vy Jor ek EL A THT R 4 R ) R T AR . 3
N TN S 22 5. DUBRAT 22 S0 e R HEA T AL B, Bk AL B e A L DU IR
5o [ AETURLE R PN 5 e B i e s R A Bl s 3 ARG ey ] LR B0 494 s 53¢ o i) B
HEAAW . BRICZAN, R T AESI AR SiJE SiC MR TE7E I B A 5w, BRiE ERE s R4
M DRI I 2R R S R AN AR R BC R AL, SR T LUt — 20 REERAWIGE . 2 SiC WA 25 ff B2 4K
28 ARLALINI TR, AR B0 A TR B FR IR B T JE LA B R A SIC B, RIS O T A E
T HALE 1000 C Rl A REARAFH A SIC I, mi— B (600~700 °C) i@ H HAEM BB E 2=k
ARAEAE . IXOORIIN T T 2MERE . gy SiC AR K Rtk TR 2 A et

ZAER, AT SIC, GaN, AIN S5 R S 28540 2 SR I G802 g . e R T %
YT R GRS AR RIE Tk SRR SR L T P R ORI R TR . (H
Je. mITBRZREEIMER ., S AR SRR IR, HBETE SIS LA RS TT N B 45
Fyi 3C-SiC . 7 Sifi i BAERK A SIC IR TS B AT AR IS . (A B R A 77 R FRY
At . DAL, Al SIC 22 BB RS T 5 2R 4 R ] S B A A P B AR . 324 M ik, T SIC Y
AL AR PR B SEHGEAR D Rl 3C-SIC, i TH S s Tl R AR, AR B 2 Hf 728 2 v A5 20 H
Mk HHAAT 2 A SiIC R B AFRReE. SIC AR UEA PUk SiC MRMRE . iR, 1
R PR RE SRR SEREVE BT TR R TR T A R AR L 2 vl o AT T O 2 T e )
TR AR BeAh . SIC MR BRI RE L JC RE T i 4 BAT I 1 Rk i U e T SIC i, Y
. WH5E SIC AR i R L B T SR S HJE . HATSCT SiC RS~ P ERE R IT 5T ik
Az, HEZEBTE SIC MR RIREE SRR . 8 T B R E BT ST L P25 B . Iy B i 2
AR A DUARIELEE T JeA 25 i it (L 75 1Y SIC MEIRGA 75 7E— 2D BRI SIC IR w5 il 55 2% % 47 26
B N AR AT 2Btk . SEBLT MY B MU AR ™ B e e ) LA SIC EROE RT3 IEAESS Y
Jrll

SE W

C1] R, Erhil, PhRE, 45, SIC HERBRIEM B 2 Bt S PR/ A LT 1. WO 27274 CH AR B4 RO - 2016, 29
(1). 47-51.

(2] BEBL. F805 . sKZEW], 2. BRALRERR DR TAMEE R D RGER TR T ], PRI TR 4. 2012, 32(30): 1-7,
3.

(3] kAR, T, XU, 4 2542500 310 SiC MOSFET M A Y AR ag sz m [ ], W R 53R (A SRR 00
2021, 34(5). 8-14.

[4] B Ibe, 200, fEEHE, 45 Pd-Cu/SiC IR SR B AMERELT . # M7 24 CH AR D » 2022, 34
(5): 23-29.

[5] KUKUSHKIN S A, NUSSUPOV K K, OSIPOV A V, et al. Structural properties and parameters of epitaxial silicon
carbide films, grown by atomic substitution on the high-resistance (111) oriented silicon[ J]. Superlattices and Micro-
structures, 2017, 111. 899-911.

[6] PHAM T A, HOLD L, LACOPI A, et al. Wet oxidation of 3C-SiC on Si for MEMS processing and use in harsh en-
vironments; effects of the film thicknesses, crystalline orientations, and growth temperatures[ J ]. Sensors and Actua-
tors A: Physical, 2021, 317. 112474,

[ 7] DELPLANCKE M P, POWERS ] M, VANDENTOP G ], et al. Preparation and characterization of amorphous SiC;



« 16 - FMKFFIR (ARAFR) % 36 &

H thin films[]]. Journal of Vacuum Science & Technology A, 1991, 9(3). 450-455.

[8] NISHINO S, HAZUKI Y, MATSUNAMI H, et al. Chemical vapor deposition of single crystalline g-SiC films on
silicon substrate with sputtered SiC intermediate layer[ ] ]. Journal of the Electrochemical Society, 1980, 127(12):
2674-2680.

[9] FENG Z C, LIN H H, XIN B, et al. Structural characteristics of 3C-SiC thin films grown on Si-face and C-face 4H—
SiC substrates by high temperature chemical vapor deposition[ ] ]. Vacuum, 2023, 207 111643.

[10] FERHATI H, DJEFFAL F, BENDJERAD A, et al. Highly-detective tunable band-selective photodetector based on

RF sputtered amorphous SiC thin-film: effect of sputtering power[J]. Journal of Alloys and Compounds, 2022,
907. 164464.

[11] MA J, WANG Z W, QI H, et al. Fabrication of novel pyramid-textured and nanostructured Cu, O/Si heterojunc-
tions[JJ. Surface Innovations, 2021, 9(4): 199-206.

[12] SU J B, WANG Z W, MA ], et al. Selective bias deposition of CuO thin film on unpolished Si wafer[ J ]. Materials
Research Express, 2020, 7(2): 026402,

[13] ZHU Y Q. MA J, ZHOU L, et al. Cu,O porous nanostructured films fabricated by positive bias sputtering deposi-
tion[ J]. Nanotechnology. 2019, 30(9): 095702.

[14] R, B8, HILE, & G BEUTUREE ATl 4 Cu O ZAL90 k25T ], Rlagmiig, 2017, 62(26) . 3050-
3056.

[15] SU J B, ZHANG J H, LIU Y, et al. Parameter-dependent oxidation of physically sputtered Cu and the related fab-
rication of Cu-based semiconductor films with metallic resistivity[ J ]. Science China Materials, 2016, 59 (2);
144-150.

[16] SU J B, WANG H H, JIANG M P, et al. Bias deposition of nanoporous Cu thin films[J]. Materials Letters, 2013,
102/103: 72-75.

[17] SU ] B, L1 X X, JIANG M P, et al. Layer-plus-wire growth of copper by small incident angle deposition[ J]. Mate-
rials Letters, 2013, 92. 304-307.

[18] RAJAB S M, OLIVEIRA 1 C, MASSI M, et al. Effect of the thermal annealing on the electrical and physical prop-
erties of SiC thin films produced by RF magnetron sputtering[ J ]. Thin Solid Films, 2006, 515(1): 170-175.

[19] SINGH N, KAUR D. Influence of sputtering power on structural, mechanical and photoluminescence properties of
nanocrystalline SiC thin films[ C]//AIP Conference Proceedings. Bikaner: AIP, 2016 34-52.

[20] PANDE C S, COOPER K P. Nanomechanics of Hall-Petch relationship in nanocrystalline materials[ J ]. Progress in
Materials Science, 2009, 54(6) . 689-706.

[21] TAVSANOGLU T, ZAYIM E O, AGIRSEVEN O, et al. Optical, electrical and microstructural properties of SiC
thin films deposited by reactive dc magnetron sputtering[ J ]. Thin Solid Films, 2019, 674; 1-6.

[22] JTa s, HHA . FBERL BB SIC MRS a5 5 PERELC/ /48 = Jm rh [E D REAS R SR T2 AR 2 08 3C
e R S =Jm P EIIREAOR SN A AR 2, 1998 472-474,

[23] WANG Y Z, TUOFU Z M, YUE Z M, et al. Research on adhesion strength and optical properties of SiC films ob-
tained via RF magnetron sputtering[ J]. Chinese Journal of Physics, 2020, 64 79-86.

[24] ZHENG J H, KATO M, NAKASA K. Effect of intermediate layer on wear-delamination life of low-frictional SiC-
2.6% Ti film sputter-deposited on titanium substrate[ J]. Surface and Coatings Technology, 2010, 205 (7).
2532-2537.

[25] #rite. IR LA B G vh 200 ik SiC i B RE R SEMRLD]. 3R« AR, 2020.

(26 5KAEIL. Jr 7 HAME KBS 1 HTEABARB % p B ZnO BGal LD L. AT . #ivoRe:, 2018,

[27] DURUPT P, CANUT B, ROGER J A, et al. Synthesis and analysis of buried SiC layers in monocrystalline silicon
[JJ. Thin Solid Films, 1982, 90(3): 353-357.

(28] B, REiZ R, FMk, 45 SIC MR & T 2Ot ] = R Al CHRPL =D . 2002, 24 (SD):



% 1 27 HILIE LS A SIC MR & T LR R < 17 -

197-202.

[29] MOTOYAMA S 1, KANEDA S. Low-temperature growth of 3C-SiC by the gas source molecular beam epitaxial
method[ J]. Applied Physics Letters, 1989, 54(3); 242-243.

[30] TANAKA S, KERN R S, DAVIS R F. Effects of gas flow ratio on silicon carbide thin film growth mode and poly-
type formation during gas-source molecular beam epitaxy[J ]. Applied Physics Letters, 1994, 65(22). 2851-2853.

[31] FISSEL A, SCHROTER B, RICHTER W. Low-temperature growth of SiC thin films on Si and 6H-SiC by solid-
source molecular beam epitaxy[ J]. Applied Physics Letters, 1995, 66(23) . 3182-3184.

[32] FISSEL A, KAISER U, DUCKE E, et al. Epitaxial growth of SiC thin films on Si-stabilized o~SiC(0001) at low
temperatures by solid-source molecular beam epitaxy[ J]. Journal of Crystal Growth, 1995, 154(1/2). 72-80.

[33] SAMBONSUGE S, ITO S, JIAO S, et al. Evaluations of crystal defects of 3C-SiC film on Si(110) substrate[ J].
Physica Status Solidi, 2016, 213(5): 1125-1129.

[34] WANG Z W, SU J B, QI H, et al. Porous nanocrystalline WOj thin films: fabrication, electrical and optical proper-
ties[ J]. Surface Innovations, 2021, 9(4). 214-221.

[35] HVLise, TR, 852, 5. 1B KAbBI B 7 A WO, SR S5 F ARebE i e ma ).t P4 R, 2021, 58
(1. 65-71.

[36] XUE ] X, ZHU Y Q, JIANG M P, et al. Electrochromic WO; thin films prepared by combining ion-beam sputte-
ring deposition with post-annealing[]]. Materials Letters, 2015, 149, 127-129.

[37] VALENTINI A, CONVERTINO A, ALVISI M, et al. Synthesis of silicon carbide thin films by ion beam sputte-
ring[J]. Thin Solid Films, 1998, 335(1/2): 80-84.

[38] JINC G, WU X M, ZHUGE L J. Room-temperature growth of SiC thin films by dual-ion-beam sputtering deposi-
tion[ J]. Research Letters in Physical Chemistry, 2008, 2008 1-5.

[39] CRAMER C, FARNELL C, FARNELL C, et al. Thermoelectric properties and morphology of Si/SiC thin-film
multilayers grown by ion beam sputtering[ ] |. Coatings, 2018, 8(3): 109.

[40] FBEMe. B 7iEA SIC MR T &5 R AN B O 7 maITFELD]. K. KHERY:, 2007,

L41] BRI, Bk, e e, 5. CTIEARIEAL B-SIC HUZMFFELT ], 2B Si#di, 1997, 12(2): 140-145.

[42] LI G B, ZHANG ] Z, MENG Q L, et al. Synthesis of silicon carbide films by combined implantation with sputte-
ring techniques[J]. Applied Surface Science, 2007, 253(20); 8428-8434.

[43] HOPF T, SCHUETTE F, LEVENEUR J, et al. Ton-beam synthesis of 3C-SiC surface layers on silicon[ ] ]. Surface
and Interface Analysis, 2012, 44(4): 399-404.

[44] NUSSUPOV K K, BEISENKHANOV N B, ZHARIKOV S K, et al. Structure and composition of silicon carbide
films synthesized by ion implantation[ J]. Physics of the Solid State, 2014, 56(11): 2307-2321.

(RS 4. B 3)



