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Abstract: This paper describes the crystallinity, growth rate, and surface morphology of single crystalline
3C-SiC (cubic silicon carbide) thin films grown with several carbonization conditions such as temperature,
CsHg flow rate, time. In case of carbonization, an increase in the carbonization temperature caused a
increase in the size and numbers of unsealed void (big black spot) which decrease the crystallinity. In
addition, optimal CzHy flow rate made carbonization layer form well and prevented the formation of voids.
Also, after a period of time, the growth of carbonization layer did not increase no more. The single
crystalline 3C-SiC thin films on optimal carbonized Si substrate showed an improvement on the
crystallinity, the growth rate, the roughness, and the carrier concentration.
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1. M &

A& Fhutol= (SIC)e 5% B3 54L& #
7] WEel Sig tlAldle o7 Hojo] Hgo]
7Hsd EZolth o]FoA 3C-SiCe & AA °F
E (1000 cm?/V-s), 5& dAEE (49 W/em'K), =
& 23} o]F &5 (25x10" cm/s), B ddAny A
AZE (22 MV/em) 2832 WL dyA] =7 (22
eV) 59 5% Ad73 EAo|dx 7|AH, 53
A MEEI}L Fof S8 FANAE AHLo| 7M53T
[1,2. =3, Si7]¥ke] micro electro mechanical
system (MEMS) &% 4% 4 2, & SiCdl
Hl3 diEst7h 7hssk7] wWiel AdEA 2AE A
A% & Ao webA, olgjd 5EAH4EL 7 3C-SiC
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T A2, I¥Y, 1FIATFE 7 23] H g 7}
718 oA olFAFEHE @4F
3C-SiC+= chemical vapor deposition (CVD) %3+
molecular beam epitaxy (MBE)olA] 3382 o2 <F
Aol ©d MA9 hexamethyldisilane (HMDS:
Sia(CHz)s), TES (Si(CoHs)y) & Ab£6fe] a1-2of A
o] Folxth [34]. ey, oA o]FAHAAL & 7
¥, SiCs} Sirtelol ZARAA A (~20%)7 4
BAATA] (~8%) &l BEH A7, A4 4
& Tol Wz [5]. wekA, ol& sty sl
Nishino §°| H#$¢ &59g T3 Muses WA
S 47 o|FE "slex FAYY, 7tx9 FF F
| 9Fd =3 otz A B AYe] o]Fejxm 9l
afol s E8tal, 4Axfe] AE| Aol FeE uH
H A3 (basal plane defect), A9l (dislocation) 1
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gl H &2 (stacking fault) 5] o] 43 &4)3}4]
olES E°|7] 4% A7 WYH: AT [67].
€ AFdAME o|FAZA BAEHE A%E MAds
7] 918 @5t g =2 3, @32k, @Azt
of ule} FAg FH Ad ‘-&@73 3C-SiC ws] &
4E& ¥4 2 Yo

2. 8 9Y

3C-SiC ®¥9 2 APCVDE E3 p-type Si (100)
71 Bl A3t wkE-Tel FA sty A EAHHF)
o8 A AgeS AAZ F olo] gl Eo A
H& 9. Aozt~ (16% H. in Ar)e] 5%
AAstAI717] & FE3I] FLdAM EHE F @8
TAE FYsAY. @3 F A AlgE BavtAE
CsHs (5% in Hg)°131 ojujo] sjejoiztL FEE&
4tAl 6 slmes FAANAY. @3FH C-!HH wF
(20~60 sccm), ﬂ'ﬁ}%i (1120~1280TC) 3 Etgl
AlZE (4~20 min)g 23t vhte] ’E}EHE A8
Aok #3 ¥ ‘1}‘3}-] A& HMDS (1.25 scem)$}
C:Hs (4 scem)S 938t 1280TC 9] AAxdA 1
A ZHEE B3R A

2 AFodA A3d 444 3C-SiC 9ot AA A
3 AgFzE X-ray diffraction (XRD), FT-IR
(fourier transform-infrared spectometers)2 2 =4
e, wHel AR} SiCe Si AWzke] A
2 atomic force microscope (AFM), scanning
electron microscopy (SEM)e.2 ztz} BAsi9dch
7tHoz slelel FEE Hall #X2 FAs A

3. #n ¥ 1

a9 1L Zt7he] g3l EoA E’rﬁ} A& AR
713 &3 2 ¥ SEM °o|vA5S ek 7}1
o} gspete Ao o) Si 7]ﬂ¥°i-rEi o] & ate of
U2 Si 979 GHse 256 disid C 939 2
Fubgo osf 7]ge] WM ARG wepy, 1
9] Si 7|gelA wA gt Si gz g FHol
2%@5174] HEd o]E Ho|l=glu F} [8]. SEM °l
u25E F& ztz Si 7] ofgfol Hol=9} ¥

= 73& HE (&3tuto)] o) Holz| ¢k 3015)01
HEHAY. 223, 257 S wE 2He]

o v

Fig. 1. Cross-section and surface SEM images of

carbonized Si substrates with several carbonization
temperatures; (a) cross-section, (b) surface at 1120TC, (c)
cross-section, (d) surface at 1200T, (e) cross-section and

(f) surface at 1280°C.

& HEo| Ax Falsid oy 1120Co A= ~20 nm
o AVE 71A Hel=g o} 1200T o] AE
150 nm Axe Hol=7t HFHAD FUF CiHs
frgol A gslexe] F7E Si Ao s 29
3tA slo] C 979 TEE AdFez ¥/ %r} ;
ol# gt AL Si YAIF WA HE Hol=oA F

HAA gk qekA, Bol=F w©3e F 3 %tﬂeﬂ
golx RA Ho A&HA Si & Fite o3 Yol

A e Hol=ol 9 Holme A7l HAHoR
Z7kgl Hold [9].
a8 2% 1120, 1200 z8]ar 1280CeolA w3t A

& AR Si 71%9 FT-IR AHEHES Yepd Ao
ot oAA 3C-SiCel #©atute] Si-C A% Has
792 em ' oA e} a, 600 cm ‘2 1100 cm '
AolM Yelvs ALz Sio71@el o3 yepd
93, Si-0 2% IHAod [610l. ¥ HAFAME
1120C ol A F-E v]x2gk 2 Hol A H A7} e 7] o
ol Si 7% $e &@siote] HAHHJUSS FAFA
i, &3 27} Fhgte wEl HaHom T Fm
A7) 2% g3z Jdebdd, o= %71 F71E
w2} thA4 3C-SiCQl ©3tute] 4% 5440 74
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Fig. 2. FT-IR spectrum of carbonized Si substrates with
several carbonization temperatures.
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Fig. 3. XRD of 3C-SiC thin films grown on carbonized
Si substrate with several carboninzation temperatures.
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Fig. 4. Thickness of 3C-SiC thin films grown on
carbonized Si substrate with several carboninzation
temperatures.

= Aoz 9n g},

a9 32 7t7he w3l wdA ®3d Si 7|d 9
o] Y43 Al (1 hn)EL AAF 3C-SiC uHete
XRDel 1, 19 4% 54& yerd Aotk 19 19

Fig. 5. Surface SEM images of carbonized Si substrate
with several C3H8 flow rates; (a) 20 sccm, (b) 40 scem
and (c) 60 sccm.

SEM o|n| A &3 o] @3l xel F7to] wet F7t
© ¢hd3] Holx| e Ho|=go o3 A3

3C-SiC wtte] AR L ZAasHAd. a2y, 4%
E2 olge= iz FUHHAY. ol &x7 71
TE Hd3] QolA] gL Hol= wFo] +=3HH(2x
4 AEGE £48 4FEBAE Aol $ASHA
2837 g Folct [8].

2% 5 CHs 7%l wel &33"E AR Si 7
#eol ¥W SEM °|u|AEE el Aolt. CHs &
o] 20, 60 sccm® 2% 5(a)et (c)ol H)8 40 scem
A 27 5b)eA Holx ¥ Bol=9| 7} A
< 1. &@3gde] n2A FAHE FEAME
SiC &< 37 918 & (nucleation)°] %ol AA=
o 2y, ¥ F=Q 29 5(a)9 A, Si 71l
A Si itk o3 AAE Si A} AFE @
3t FAHY C UAe] Fo] A7) g Qo)
B HolE do] FuHor wo] EAd. uig
A, F3H JFo] FAA 2AH 1Y 4b)%E
g2 "golA @& HolEeo 71 B Aot} 1
g2, 29 4c)d BS, AR T o9 x3dE C
RS Si-CA¥S o|FA o1 graphites} Z&
C-C ZA%E <79 ©sh3dgdz AR dI&
FA 9 Aez Asdd [3]

29 6% CHg el welA gkA 439 vt
AFM oln| A &< Yed zolth %7t ~15 nm
ol3kdl 2@ 6(a)9t (o)l ®l3) 28 6(b)lAE 369
nmZ FdAez2 A FdAo] YeElGAT 3 hr A%
% uloto] HEtEE 98 nmo g Yol 181, f



Fig. 6. AFM images of thinly 3C-SiC thin films and 3
hr grown thin film on carbonized Si substrate with
several C;Hs flow rates; (a) 20 scem, (b) 40 scem, (¢) 60
sccm and (d) 3hr.

o] F7bel whel SFAl AEE uhge] FA7F A3 A
o7 F7FEA &3 40 scemel A 217 nmZE ©E
ZFoll Ao 100 nmel dla) FAA HFHAG. o=
g zZd vl @3] o WolA e RBol
o 71 H7] WEgd &8 AY YEI 5L @3y
o] Aol 27| AFEC] FAHRY HELZE A}
s9d [12].

a8 7€ CHs #%d =et g@std Sio7|9e
FT-IR &HEZESo|n 1§ 83 95 CiHs 3 o
2t g3td Si 71 Aol Add 3C-SiC 4ete] 44
Az FAE Jerd Zo|th. I1¥ 89 AAd vt

EA A3} 40 scem®] CHS fr#Fol A 7H8 $-4-3F
2R3 4B ES Yeld ol ¥ 49 5949
Azl o] 4 Aol FANUMT 8 AH Y
E7F 2 543 a9 60A 9 ARt Zo] ¥ o
2% 548 713 @3 JPAEHUY] Wi 2A
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Fig. 7. FT-IR spectrum of carbonized Si substrates with
several CsHg flow rates.
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Fig. 8. XRD of 3C-SiC thin films on carbonized Si
substrate with several CsHg flow rate.
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Fig. 9. Thickness of 3C-SiC thin films on carbonized Si
substrate with several CsHy flow rate.
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Fig. 10. Surface SEM images of carbonized Si substrate
with carbonization times; (a) 4 min, (b) 8 min and (c) 20
min.
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Fig. 11. FT-IR spectrum of carbonized Si substrates
with several carbonization times.

gtsld Si 7|9 FT-IR AHEYSo|t} 489 1
d 10(a)ol= @A3] €olr ¥ Ho|=9 F7b B
o] I oY, BERHE A ZolEoy o]F
d= ztel7k A yehz &gk 3§, FT-IR 2
ol M E v =3 Fgol Yt ol dAE AH
HH g3y gdol N&EHo2 JFE o|FA Ein
A3 RAE 9ujdg.

IY 12()c & dFNA 2 HHe d3zAa
1120C9] &3t2%, 40 sccm® CiHs %, 8 min
A oA ©shE Sio7]#e] E9W SEM o)1 A o]
5 (b)i= o] w32t fe 341z AFAAIZ 3C-SiC B
2ol Z9d SEM o|n|xo|t}, &}y Ao A3z &
stute] "ol AA AMEHALH, AAA7] warel 7
g 12(b)9] FAE 27 umolx, 47 uiute] FH
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Fig. 12. Surface SEM images of carbonized Si substrate
at optimal carbonization condition and (b) cross-section
SEM image of grown 3C-SiC thin films.

FWHME 0204°2.2 A3 ojde] wzjute] u]3)
02° A= A Yelwoh A o] F71HA A
He FA7} FANR weh gaE Aoz AR
o} [11]. &9, &l S AXA @fu AHAzg g
9 27x10" cm’e R&EE FEol wHlE wolz

65x10 "™ em ‘22 el

4. d B

2 A7 E stz wel g3t o8 @
ol Ho|l=9] 9 Rol=E A9 A9 WE B
ANsta, o]F A8 3C-SiC gute] S48 B4R
o @32E7F FUgel wel QoA @e Ho|=9)
9 Hol= A AVe FrEkAew, HA9
CsHs frdolAnt ©@stete] o3 ol Hol=9 4
7b F7HEAY. 283, dARARe] Ad Fo g@ig
g 43L& o o o|FojAA @skth EF, ©@
T4 HHE T ¥ ¢2A 3C-SiC 2t
=83, A718 54L& AAEAG

webA, Si(100) 71 9ol &€ 3C-SiC dehe
TASH nEFY, 25 S&Eok HEE AAd 2
A48 WEA 2ate] Ag2A FE&34A HEE 3
o2 Agdd.
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