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SUMMARY

Hydrogenated amorphous silicon carbide (a-Si;-xC<:H) is a potential
material for large area optoelectronic devices in a wide spectral range due to
the continuously controllable optical and electrical properties. There are many
possible applications such as solar cells, thin film light emitting diodes
(TFT-LEDs) and thin film electroluminescence devices(ELDs) for flat panel
displays(FPDs). Because of the capability of the material to emit light in the
full visible wavelength range, it is an especially promising material for large
area color display devices.

However, the poor electrical properties of a-Si;xCx*H make it difficult to
fabricate optoelectronic devices. Dark conductivity of a-Sii-xCiH is about
10%Qcm or below that. If it is possible to grow nanocrystalline silicon
carbide(nc-SiC) at conditions similar to that for the growth amorphous silicon
carbide, the electr_ical properties can be improved so that larg_e area, thin film
optoelectronic devices may be fabricated using silicon carbide.

In this study, after setting up a PECVD system, we deposited a single
crystalline and amorphous silicon carbide. The effects of growth conditions to
the thin films were considered so that it would be reproducible and have high
qualities. Subsequently nanocrystalline silicon carbide thin films have been
deposited and the structural, electrical, and optical properties were investigated.
And then the efforts to make the thin films better were carried out. We have
performed the activation of impurities electrically and pn hetero-junction with
nanocrystalline silicon carbide thin films.

Firstly we have grown a single crystalline silicon carbide(3C-SiC) on
Si(100) substrates by thermal CVD method. We considered the effects of
buffer layer at interface between Si and 3C-SiC. Large amounts of
hydrocarbon under the carbonization process reduced the size of voids on Si
substrate and increased the density of voids.

a-SiC:H thin films have been deposited by Plasma Enhanced Chemical
Vapor Deposition(PECVD) method. It is noted that the ratio of C/Si and the

degree of H affect the characteristics of a-Si1-CcH. The ratio of silane and



hydrocarbon in gas phase during PECVD process have an influence on
structure and optical, electrical properties. The dependence of the growth rate
on the gas flow ratio is quite different from the results obtained for the
growth using C:H, gas instead of CHi. We could control the properties of the
films by varying the gas flow ratio of CHs and SiHa(y = [CH4/SiH4]). As the
ratio y increased from 0.0 to 1.5, the optical energy gap(Eqy:) increased from
1.4 to 2.7 eV, and refrative index(n) decreased from 3.5 to 2.0.

Nanocrystalline silicon carbide thin films have been deposited by PECVD
using SiHs, CHs, and Hz gases. The effects of gas mixing ratio(CHs/SiH,),
deposition temperature, and RF power on the film properties have been studied.
The growth rate and the optical energy gap depends critically on the growth
conditions. As the deposition temperature is increased from 300 T to 600 T,
hydrogen and carbon content in the film decreases and as a result the optical
gap decreases. At the deposition temperature of 600 € and RF power of 150
W, the film structure is nanocrystalline. As the result of the
nanocrystallization the dark conductivity is greatly improved.

Depending on the relative position of the plasma generation relative to the
substrate, the deposition method can be distinguished as conventional Plasma
Enhanced Chemical Vapor deposition (PECVD) and Remote Plasma Chemical
Vapor deposition. The structural and electrical properties of the silicon carbide
thin films grown by PECVD and RPCVD at various RF power levels have
been studied. In both cases, the growth rate decreased while the optical gap
increased from 2.0 eV to 3.0 eV as the RF power was increased from 50 W to
150 W. Using high resolution TEM and selected area diffraction pattern, we
have observed that the films are nanocrystalline with grain sizes about 30 nm
for PECVD films and about 60 nm for RPCVD films. Films grown by PECVD
and RPCVD methods showed nearly the same optical properties. However, the
RPCVD films showed great improvement in the electrical properties compared
with the PECVD films. For example, the dark conductivity of RPCVD films
were 10° - 10° times higher than those of the PECVD films. This improvement
is thought to be the result of enhanced activation of the impurities as well as
the improved crystallinity of the RPCVD films. We could control the electrical
properties. This basic research would make it possible to realize a

optoelectronic devices from nanocrystalline silicon carbide.
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o] BAA7I7t vk A, e si $9 olF FAA Axl Ry ¥ AR Aj
2t AEd void B2 A& SiCE ol &F 43 AF L AU} LA H o &of HArlgt
A Z Hot gt

FHE, AAdol e vBA S AR U2 =4 felFd Jw ¢
of o] shesitt. £4HE wPA M JHIo|=(a-SiC:H)E 19819 glow
dischargee]l 2]%t Wt gy A Hxpsxe] ™ol 7HestA H olF w39 UFAax]
Bzl clagde]l &2 §9 tfd¥E SE7sdLeR A3 g€ AL I3 Yl

0

[2]. w3A EFe 723 SFo% Uxt gy A&KFHA FI14de] glrk= AL M=
2Azle 22| FEE B4t ol2 ) B - A FYo] d¥S& Uerh ol:

Azt FHolof glojA K-HEES o|¥AF EAY AFFEIL F7I5H He dde
2 283t FALA} o) UFAES FAAZA 5 3] TFT-LCD Fof o]-&
3 e 71E9 93 A AdelE(a-Si:H)2 ¥lZ¥ o)l SigoCs ©4e] 24v], & x3k
S Ao A ArF, FY HIE 2FE 4 Adrke FAS 2 sk x el
mp2} F3E AYXZ EpE 1.7 - 3.1 eV o4 HBAIZ 5= glon], ofo] tigEE 3}
2 0.4-0.7pm BN z+F FALE A Zto] 7hsdlc) & &W a-SiC:He tid
A v ZA e gAR Y oUAHE H&E wol7] A F AEZA ALEHY, FAd &
2 Y Y W JAF e gAY £HE d¥sle Ax JEH ST
a-SiC:HE ~Zjute R 3= uiu} wit rtlo] Q =(TFLED), 72} electroluminescence 4 X},
ulul EiX] AE|(TFT), photo-recepter, x-ray sensor, color sensor 52 3% Iyt
3 ololX T QUTHA-6]. EF YL N-F ul3A WA a-Si:HECH o] o]
& aSiGe:H, a-SiSn:Ho} AN a-SiN'H So] &4 A7LoTH WPY TUE w
NS o] &3 i §-& &=} Ade] A ZhEa Qlct.

Utz o2 n|FA WA= AP vasie AIVIEE U Axlo|FErt Wo
o, g2t FRaje] o g3 5 S A8 JiA] BESE 2t glelM, TFT-LCD
2 Z¥ vB oM cABAZ ulglo] Jh= FAolth nFA A FEA o
3 hEAR RieAe] FAYA ¥ AUFH S4E FAd ZARF: steje Zeltl
a-SiC:He] ZHS-& T4 U] 23 ou=|Fo] A 3fe] AYR|7t HrfALE K2
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e} #ol7}t ulg o7l wRel ulAA Al shulol =9 &3 I3 AP o=
olSolx PrH7,8]. olad VAL IEsy] gig WYL 2 4 nlo|AZuE BEY A
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e F Ale|Z shutol= FAA=LL] YU JHsHA stz Yot

Plasma Enhanced CVD A& #2tstz, whA%(3C-SiC) bzt vlEA(a-SiC:H)¥
ate] M# 71&& Jlugich ofF xR AL AE shtol=(ne-SiCiH) RIS BB
sto] ARMI A7A, FeA BSAS W F uge] §4& ddte =¥& 2
HAE nc-SiC ool BB =S st pn U AN Ae 1 UEL2E 34
ol B Aol 19 BERE wR3e] 36-Sic 23t oEe] a-SiC:H ¥ ZBAI=
Aolt}. 3C-SiCk T2l HALEe} Si 7wzt AxPEA Yol FAAL] FHOE AAA
t}. chdd sice] A& U= sicy us AR wEE FF3 Y 2A& =
wach 8]AA A chAAAY Sick Si, € HY 2AI AP wE AVA, I
sty =AM dojo] mf$ Wk weld FAxe] mE e 2 U 54& meist
7] s ztzte] A= Ao] wute] njxE g3Po] MAHLE ZAtEojof WUt E
3t orale] upabg xjAA UA AU F UESF slojof ¥t olof uwi} Y =, RF
29, 24 Ay, oY S ARz7o]l el FRo] oWy FI}E uwAH,
optical energy gap(Eop)3} B1Ete] 223 Bdzte] A2 ojmy AAJ UEx] 2L
gty wRA wpupe] 4R ¥ 2viA BEE upupe] WA ojch wEpe] = AR
2} AR R utut] A7H BAdo] wf$ 2 B} XL &£xb A FA] &3}
248 2495tA "ol SiCH Wt nHdAR st UeIelad X2 ¥R A3
Ae QRgzAze] ghedt ARdA 2 ohel e wFtUFel iyt Rt FAHA
olsi7t Wit wuiube] #ztAz AR WHULEH AF o] RAT B2
& ¥R, 943 A7 BEAS R UrIad F2o Y S FXE T
1=
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1. nc-SiC 2ute] 4%

Quba o2 thAR AL Z$ CVDE 1300 T &) 31-2o] 27¥rch cubic FX
AL 1000~1300 T & =7} £2%|1[9,10], 4H L} 6H 22 hexagonal FZ2] B¢+
1500~2400 C o] €57} We3irH11,12). PECVD WAlo 2 800 T olstellA ulFA
W t}AA (B phase) A2 FhlolErt HAEM, el nilE FetxutE WAl
L ECR CVD WAoo 2= A2o)Nq chdA MeZ shutol=g 848 4 gich Cheng 52
ECR CVD}Alo s Ala]Z 7|ute]] 0.2 Torr, 1500 W, 500 T & ZZolA tidA AE
shulolES FyAsldon, gde el x| AT A% ThEF A2E Fhlo]
=& sAsigri3, 14]. U kg &EE WXy 2dYe] etz 878
t}. wHal Hkg7|(tetramethylsilane 5)2 v]FF AE shilolE AYtE FASIIE
sz, otElg upo] Zatznie] U E &Y o BHH USIY vE= ST
T, 283 &2 gt ouxjojd= CH; ¥H37let Si WXxt}e] cross linking2 2 Si
Axjol ojgt Fety Aol Fxgxjrix 15l Wi o2 wiFA AE Jhlol=
= PECVD Alo® 200~300 T o &% Hslold A5 1.7~3.5 eV EpE& X}
ol 3y ojux] 7ol W uhde] ArA HAL yobd AAEET} 107~107/2
cn AEo|th ThAAAL ujFA AeZ shulol=e AVIA FAo] VAHL oA B
o] 3C-SiColl B|W3t= 2.2 eV AEZ FPo| Ho] FAEM] FAdo] Dot
2 dFoA: PECDWALE S o] dhgo]l ¥ AeM JujHZEFA
(nanocrystalline)?] AlglZ shulo]=& ARt olm W oux] & HEF A,
B4 d43 23 753 7 3713 549 S olFxat sidrh  SiHS} CHE
Apgsle] 2xwiste] mpE uwpute] =z Mol A o3, T AUF, IFH 54

o] wstg Z=Apstaich
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H|AA Alg|Z shulol= uimlo] 7tR fMH0Z S&HE Eoke solar cello]
o, solar cell?] 8 s HAAZo|tl HAKXELS Photovoltaic systemoj| A] H|-&
A7tz AA"L} a-Sie I3 2A ulgo] ARl solar celld] FH ZARZ o] &HTL
ol 7lo] p-typed] a-SiC Wute ¥ AT ol&sto] WHALE wolA ¥ F, a-SiC ¥
alol] thgt WAL ZZE|oit2]. 1989 Nishikuni 5 HFAHZ 100 o’ Q) REHE)
2] a-Si solar celloA] 9.6 % o] HVAS 71F3CH16]. oluf AHEH p-type a-SiC
upute] BA % E(photoconductivity)s 10°/Qcn ojglch HMBEES &ol7] SsiAE
TS FEsl AxAo] £ p-typed] FYEFWo] 27ch o]EX 1 oFdxE 4A
%7 2] 10°%/ Qcn @ p-type a-SiC 2 post doping WL 2 HAAs/x stadch
P, AT EAZH HAFTELEE S o= rh. Han T2 ECR-CDE BB
pc-SiC/poly-Si 22| solar celld HZsto] AMIS] W RAM] 14 % ©]4F2] HB/AE
& 7|2 on, A7t RAME deol 20 ¥ AEE Fole §F A& £HE 7
71% stETH17). p-typed] T3 RAEG oz v =] ohdF siCrt A
& o2 o]&Emn, #Zol: a-SiC/a-Si/a-SiGe T thE FR2 solar cellZ =] 2} 5}
of, ZAEE spatle] XES 7} AN Tl RS &l T A7 A
of ¥¥ F L 12~14 % AL E 7] F¥}(8, 18].

22 T.S.Jen & graded gap junction& 2Zt= a-SiC:H thin film LEDE |33}
o] 600 mA/cm® 8] FUAFHUTOA 207 Cd/m® ¢] luminescenceE® K. I3} TH19]. ol&
7]Z2] inorganic thin film electroluminescence device®} H]aL3}e] Tha W2 sFol
o ZQARYUE EI AW, A EE of7hg FAFAZA AHgol 7Hed $Eolth
olg3t WAM I} ALHchd, uput de|E Fhujol =it chH Ao UF EALAE HE
315]o] Wx| o Aol AAZE o]8H 4 A& sFedol FE3 ASS dnich o
gty 2 AFolde dF58e JIG3ste] M0 SiCH W UFaa} AHzGe §
g AFE 35z} gl
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H 3 & Adig=sd s

A14d 923 4 4%

LPCVD ¥ o 2 Siv|utgjof 3C-SiCE iyt 2 3 43 Fo HUY &
g 7Z¥= 3C-SiCe) 43t EAox BEF312 3C-SiCet Si 71%t2te] 20 % 71 E= A=A}
2L Axt2e] siute] A 2 EANEoE dolalgdcth. Zecist 1983 Nishino
S[20100 &3] v Z2] Al sl&ol ALEe], 3C-SiCY olF FHol izl U2 AL}
A7t MES PHS FHo2 APt uFY HFA, 7] 718 HHF A
el wpute] Mol 43S ulAch 53] HEF FAEA vadxte} whgste 7 Si
Ax}7t AR of 7j%ol void7t A7l ©] voids EWe] 44T HHFS U=EE
ol Asjelo] Huo, o]F wpupdate] AghiA flelo] H AR EFE oA ok
ol W2 e wel= BElaby o)A JI3hy voide] INE ol Zo] WHF EW
& FYsHA st ubate] AR AL FAIAZICE 2.0 Torr o] U o|A] &EHAF A CHg
ALl Belo]l &4, 282 HgeETt Y&EF vidd] Z7le Aok HIF
o] HA3F 1150~1350 CollAl et 3tglsL SEM, XRDE o] H44& ZAPsirt

1. Agaby
7t AE A

3C-SiC wjupe] Aol ol&H LPCVD x| AReg 27 1o vehfddcth i3
58 mm & Ao | WHST|OT I LPCVD A UR+E= CHet SiHy 7HAE F4ofl 5 %
2 HME 3 AAE AHEstgch PN EEE ARE 1350 T7HA] 7Hdsiglen 2%
9] &AL pyrometer® A3t PBN SlE: W1g 2% P x5 T & /-5&
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(Fig. 1) Schematic diagrams of LPCVD system
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nucleation density

(Fig. 2) Models for Carbonization (a) low nucleation density with large size of
voids on Si substrate, (b) medium nucleation density with medium size of voids,

(c) high nucleation density with little size of voids[ref.21]
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(Fig. 3) Schematic diagrams of time and temperature for carbonization
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s1goll A Si0et Si EHo] 29 Hy ZjA Bsi7loA A2t "ok ol F Vi HdE
U3 Heos Wzt ohe CHs HAS FARTE W9t CHeol E51710A T 7He<
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(Fig. 4) Schematic diagrams of time and temperature for epitaxy of 3C-SiC
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Aol g3re ulastgch el AFES 0.75uwh Ath
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Q¥ 7)utolt). BFUY FL urEAEo] Hojul oA Lo i) AzH FE2
2 Rolr}, I3 5(b)& 10 scem 8 CHs A & zhe] 7|3 Eddolr}, 7 o] &
lpn @ AlzZge] AL EPo| Hold szt FEsEs AP 7[HERSY void
ojth. CHs ATt TEA Ao wfol vt voidd] HVelrt AHZY e FLT Felol
o 2 3717 U AZTh Cls, Aol sha fxtel wbesty] sls) AlelE dxirt sist
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t} 9& usich CHy AV F7184F 7insld Exse @ 429 F=71 9%
Z7}HAEY o) upel del2 dxisl gste 2ol FIStA ot umhetd A=zt
Hkg x| o] Zrlste], O 2Usla I717t 22 void7t H/gel | Zeojrh. wiRle] 3}
oA Mol ¥REE9] cluster 52 10 scem ¥ wie} vlRAste] 2 37]71 2o £
" WEst Zuistgot. of VAR ol FHEHE Ago] FUsl A Wb 7w
=k A7t Botaeowm sfjasolAtt. 23 5(d)E CHy 747} 100 scem A wfe] 2
Yot} voide] 2717t 23 5(c)of uls) AW AEE FolE oy Ur: oS XU
Arth. void?l AT} Sol5USL Siceh Si Z[HZEY olF YA A RE H
3 AHE Y 5 USS T3 St olF AY 42 F&A 4BV /Y
% ot} 2u clusterd] HFels, FFY onA2E FHI] XY + v
Arol HElg 3tz g Foeg HArh oA W JAvt ¥FE wf Jehies d4L
2, BA9 SE7t Z71U45S J9 9o g XY £ A FUBEL, olo] mehA
Flatoll A why Lied ity AelE dxrt US Frigeelet 3] el el AR
o] void?] AVE ZAAFIZ U EUL e $FY wHFTS FA3] A ®
212} CHy AAAS F7HAFCF & e wxhdc]

CHy 729 S3& HAAA sy g eyt uhe] APPE =8t
1270 T ¢} 1330 T ol x|, 9h-g7HA2] F3& SiHys= 100 scem, Cigi= 60 scem,
Hyt 100 scem &2 IBA|F|SL Ebsbxe] AAolArt CHy R F32 50, 100, 200
scem &% ZAstgdch U XRDE AT AP IAtellA, 2 wpute] Aol o}
3 =Y A A3t BEE A doith wHFe FI7L utute] niAE dFS AE
o) AY A, 2RV Yue] nj4 AR, I FHY FejdS ouich 4P
BE B AT 41.4° olA] 3C-SiC(200) Hol A%t A IE Yepfdcth
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(Fig. 6) XRD pattern of the SiC thin film grown at (a)1270 C and (b) 1330 C
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a3 6(a): AALETL 1270C A A2 XRD ¥jlelny 13 6(b)= 1330 T o
A g ubute] XRD wieo|tt, &R A CHy A & F EF 200 scen o]gith
1270 T oA AAH vtz vzstdS o, vy FAL ipgel 3] Si r|ute
Si(200) ¥ 32l M7= HlskA|T 1330 T o4 Y it FHojA 3C-SiC(200)H 2]
A 37 ETl o]ALR 1330 T oA AAH ute] APgo] g f4US U
olth. LPCVDE 3C-SiC wfuje] Al el ZAA3E 1300 T ol o] 23HS&
Eelstdrh

3. 2 &

LPCVD %alo & 1330 € & 2=l Si(100) 7%t 9o 3C-SiC ©+AA it A
Zstgdch. Direct heating WAl& o] &3 WH S FHPAl CHy 7H22] Fgto] F713tef u}
2} 7jutsle] Age] A7 voidd] 77 A4St 2] Fth 38-SiC/si o FHYUA
4T FHG ARS 435 AsiMe, BEAF o HHZS B8 Y o CH 7f29
TGS S7MIAC & 2o oA ate] AAPFEYLS HHFo IA VS U o
otony, 4F¥A BE ¥hielA A 3C-SIC AF4S FUsiArt. LPCVDE ©AZAHY
< 3171 91siAes 1300 T Wil sk xrl e FEN, Bl 2200 AFHo] dS
FAEE Husiqgrt

LPCVDE b3 3C-SiC #uhS JAUO TN YTl Ag e Flujol= uinjo]
AL B3 e B3 A4S AEY 4 ddrt

A 2 2 ujgA e 4R

PECVD ®H o2 431 n|3d A2E Fhlol= s gAstarh. 43 244
o2 uEe 548 1YL AR 2=, A8 TEY, RF 29, F4IMu], Y
T BBxol W] FIF, AIF, FRFH FYol nX= F¥E AAY 2R uho}
sy, Hjape] zREAE e 4R WHE R
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(Fig. 7) The schematic diagrams of PECVD system

B Ade]d A PECVD #x¢] ARxEE 217 76] Uehfglch  Horizontal
Quartz chamber(2]Z 60 mm, Zo] 80 Omm) HFEelZ ol AL ARI(SUS-304)
U S Aysle] ARS FAsi AL EQFet AF W FE olF2 girt. @2
R AR Fhutol= uiubg AAbs}r] $13 LPCVD X9} tiE -2 FefzRntE A7Lst
of urg-& G5 3 Holth Fadx|yoia(F)e] Fetxnt F34 UP7](RF-GEN)
2 Uy 13.56 MHz 9] AZEE, W@ o] 78 HAAN 7 mX2 m HH
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Cu-coilel] @Astel {EAUWA o2 Fapznts FPstdcth. s A
%), SiH¢(5.13 % in Hp), CHy(5.14 % in Hp) Z3pAS} S F 2F 8Bhg HA purged
0T NE AL 4T Hol HAME ubgsAe] e ozt 5% 2 Z ARt
MA BEL Flow MeterE ©o]&3lq FFLE ZA3c}.  Advanced Ceramics
INTERNATIONAL COR. 2] PBN heater(7076-3)2 71%+& 7tg3stn Pt-Pt(Rh 13 %)
ThermocoupleS AA3|E2] 21(71%t &)o] ZFXA XEE FFAUc HY-PI00 2= &

472 =S fAReH, RSP 2E FHL £1 T Arh

£ H(99.999

U, Ad3EzA

7]13+& Corning-7059 glass2} Si(100) wafer& A3t 2 2o F=A3E u]Z A
A2 @ shato]= upup(a-SiC:H)E AAstATh 7% o 1L.7X1.7 o’ 2712 AE ¥,
ZE TCES) 7 B3 92F 33 T o olMEH wigkE Fold 242z 10 & 4 23R
Ha)S stedch. ol DI Water® MH& 3t N, 7t2% AZAZTh Si wafers] B+
HF(3 %) &-olo] 1323t o A& 5}3L DI Water2} Ny 7FAE Al F Hulo] Z3ch

ZEele] PEZ 1 A B¢ AFE FX8Itiz 1 I/nin 8 FBLE B 7t2E
90 27t Zat} oF SiH(5 %2t CHy(5 %) MAF Zelx wiy] MEE sl dHS
Sx|%ich Aol C/Sig] w]&o] 0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.5 7} H&
£ SiHS 100 scem 03 IAHBIL CH(5 %)& a3sidct. A 7i& 352 100~200
sccm ©]92m RF power:= 50 W, 482 0.4 Torr & H*3rh o]% RF powerol] ti¥t
oEMNS By 93] whgMA Zj] 1.0, &% 300 T oAl RF powerE 50, 100, 150 W
2 A7y ZAstialct

uke slAJE 23 4k gtee] AW 1.2 Trs 8] &8 M 3t i
exo =Estae o SelRulE WPAA 1S Atk Sl Ed¢ F R
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2.4 3
7r BBE

wpup 4ga SR slel e J¥ 2 AR FAL sl ARE Y4y
Tl AR ADE Tencorile] Yu 2MO T FolE st AW Wt A A
Z312, olF F3W TAeh WY T WHos TASL AMsiArh 2nidas
oz 273y ututel EAle Ellipsoneterd 0|3t B33 WPoz Y T,

ZAES v Bt

Table 1. Refractive index and thickness of a-SiC:H films

e T &l = A =3
CH, Ellipsometer Optical
( SiH, ) Stylus (A) (A) method Ellipsometer
0.2 1980 1906 - 2.758
0.4 2360 2152 2.67 2.668
1.0 3900 3783 1.99 1.970

Ellipsometer® Z3 Y A8 EHo| FUstT ZARsA] WIxlIL B7)=] ¢bofof
Bt E 1014 ARtAEA WA e YAoT Y S Ellipsonetrys] F33}
NRE YALE B £ AUk wepd ARY o, 2SS duiaAmz ety Ao
2 ZAY Yol NS FoiF 4 Qr} |

29 8o AlA Bgulo] W utute] HAES EASYTh AW ZAL E 20 &

ohg stalth sAxel TEME v = ()T @ wl, y = 0 ANE WP dAZ

(a-Si:H)o] Z2En 3 HASL 192 no/hr ojgth. 2etir} grA7t HAJE 7] A3 6]
Ey=0.2¢d BLE 48] 72 nwhr B FH3] AA3AIL 3 o]F yrt FIHel
oiet dAEE Fotstgcth y = 1.0 ol BFEL 130 nw/hr 2 HfE Hojtir} ikt

& v & ALAA Fotel wel A ALske F¥E UERAT
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Table 2. Parameters used for PECVD growth. The parameters used by

Nakayama et. al. are shown for comparison.

This work Nakayama et. al
Reaction gas SiHy : 5 scem SiH4 : 100 sccm
CHs @ 0-75 scem  CoHz - 0-100 sccm
H: dilution 9% % 300 sccm
Pressure 04 Torr 0.45 Torr
RF power 50 - 300 W 150 W
Temperature 300 - 700 C 300 C

Hhg7iA 0l E3hu|gol weld ZAF o] FAE: B2 e AFAE 4A s
L ZAxo|ri22,23]. A2 EH|Z} 1.0 olFo] FAEo] Uidte= BE2 vt &
o] BN E 4 glrh AR W &Y BlojlA y 3ol FIHTHE A2 SiHe] A4F 9
o3, webd Si Qxpe] whg-Fo] Ao 4] diEged y = 1.0 ojFolME 43
o] A ¢ A3 F 55N P2 y = 0.0 oA CH 7I&F FYUSH] A3
o] 24§ dAF] ZLo|rh Nakayama 53 Kaman §2 y = 0.0 & of L2 IS
2 71533 1 olF C 4AE FYsIH Ax FUlshke @S Rasioch A3l A
ol Lasle] AP XA vy o KUY ol WG WE ALY Ho|7}
A2S ¢ 5 otk B dAFoA Rol& UFEE CH /R2olu 252 CH, 7HAE AHESL
och. CHy A2l 43 sfelolld=|(thermal dissociation energy)i= CpHz. BT} 2T}
whetd CH,et vlste] sielolux|7} 2 CHy 7RA2] Hbg 7)o ZZAEol 4 £ A
AWl ez FHHCE
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(Fig. 8) Growth rate of a-SiC:H thin films as a function of
gas flow ratio of CHy/SiHs. ( 300 °C, 0.4 Torr, 50 W rf-power )

A w A AL shulels uiute] HAEL 72~125 nw/hr B, Y 2=
A BRE e drxiEe] AAE Hoh ygdri[22-24]. ole AT W Uy
95 % o o]2& &2 H, HHFof JUsl= o= £}

CHy 7RA7E HJIE olF BFYPo] FI7IULF wupe] 4FES At F7Hch =2
E28]E AY o, W cUxF UWEY 27| BANA HAEo Zidte LS d9Y
A WAoo B3] BW, Si-Si®] AY oluiRE 326.8%10 DaKl'mole”, C-Sik
451.5 DggsKJ™'mole™, C-C= 145 DyggKd'mole™, C-Hi= 80 DygKJ'mole™ o] TH(Dyes=298K 0l
Ae] odetm] W) [25]. B W2RE FAS] AJARE y = 0.2 oA FE 2 ofuA]
(AG)7} 247} H&= HAHo ole} Si-Si Kot dgty] #HEs 2 Si-C dio] wE &%
2 AP oo, ArjAoT ErAY Si-Si AYPAel= cP=lAl 3] sfele U
oJA A Si2] BET} E3oE B FAAALT y = 0 A of K} A3 ¥ 4
& UEpA 2 ez BziHr)
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(Fig. 9) Raman spectra of a-SiC:H thin films.
( 300 C, 0.4 Torr, 50 W rf-power )

2R wpupe] Az I2E B 93 2 E3HS o-83MA uFA AgZ st
Hlol =8 RAlstglch. I 92 y& HEAIIHEA Y o] et AHERolr} |
Ae|2 ZAo tig FAE 522 o’ oln] Tlojol2=AAR Y WAL 1332 cn” olch
2 v AR whre Si-Si Ay BAM ¥ A7} 300~600 co” oA FZHH, c-Cc A
2 1200~1600 cn™, Si-C F3joll thyt 21T 800-1000 cm™ oA A& 4= glozel
ofastgici24]. 2U BE ARoA Si-C AY I3L & 5 ey ciwt yit F7t
3ol uwiel v]F AL C-C AYLE Hole 2MEYS 7] &ofE & 4 ot &HEY
Z(y = 1.0, 1.2, 1.5) 3% F719 Alcto] & Aoz Hof x| 4 I Z=2e] vid
o] AR Hol 9= AL Y F 9o, FRE Ax] B e 4 o] FE
3 FZ=x 23 M (200~300 nm)2} 68]FA atolgt Mo ¥l F JoF gyl
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U weby 24

T 10 yo] #Hstel ulel AHH vt ZAE Hsjelct y =0 d of 2HE
& n = 3.5 grivp Hgt At whgyt F FAEL Aasdch vy = 0.2 o of n =
2.75 olgjen, vy = 1.0 olN 2.02% A% =0.6~1.2 8o n=2.1 & A

y
o2 u3A A Fhutol= upto] FAYHASS A¥Y 5 glrh

Refractive Index

1.6

00 02 04 06 08 10 12 14

Gas Flow Ratio of CH,/SiH,

(Fig.10) Refractive index of a-SiC:H thin films as a function of

gas flow ratio of CHy/SiHs. ( 300 T, 0.4 Torr, 50 W rf-power )

n = C\/—zﬁ[\/lﬂfa)zﬂ] -
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ojm 2@ 140)4, ZAH AEELE ¢<10™7 o]z Yo AFFE 0>I0BE,
(2«1
oln], MEAIH FAI&L p=lojeks 2AHE 3t
e~ n (3)

o] |AoITE. AW e FAEL n = 2.0~2.7 AU, FHEL £= 4~7.29 9
t}. o] L crystalline-Si & e= 11.8 #}a-SiC¥ &= 10.2, a2y = 0 4 of
a-Si¢] &= n’ = (3.46)% = 11,97 Xt} =2}ci[25].

T ALES Aarsty] s ubultel] cis] ARM-JHAF 499 FAEE FHEA
T} 23 112 2 yZol thyt a-SiC:H 2pute] Fxizolth, yrb F7igtel utel F3ol
Rasty] AFHE BEY UAE W3 Fobde ¥ 4+ Utk oy el FF ¥y

& B4 A4e 2dolA Hrh BYs) Atk
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90 |
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30k

20

] A 1 i 1 A
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'Fig.11) Optical transmission of a-SiC:H thin films

as a function of gas flow ratio of CHs/SiH,.
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3 128 7} yZroll ARt a-SiC:H upte] F4 Algeolth uiFA AE Jhjol=
whute et 2.7 eV(R e IHAL 459.2 nm) olFFE F4 A7 S8l AT
23 119 a-SiC:H 2ate] EapzelM 460 nn BTt 7 hgciold FZH o4 ¥
52 oyx] E4ol 3 Hol olet T WESY el 27 Aotk

A utate] sl ddojye F4 Ads y = 0 dof 610" cn” ojglon,
y =029 o 1.1x10° co? 2 i AL F5Mol 71 FAUCE olF yIt S
28 T2 A4t 7tAS y = 0.6~1.5 Y @& 5~6X10" cn” o]glent, v = 0.8 2}
1.2 o wit zb2} 1.1%x10° co™ 2} 7X10* co™ olgich,

Absorption ooeffioie_nt(gm")_

Photon energy(eV)

(Fig. 12) Absorption coefficients of a-SiC:H thin films

as a function of gas flow ratio of CHy/SiHs.

ARY a-SiCH 2he el Brl o 2 oAU F4& AUt F4
Z3 717 quAME 7t AxtY HololBZ ZFH a-SiCiHe WL oux] ol 139

EAQS ¥ & 4 dth y7t SUMUSE F4A9 V18717 HA dns) s &
Qlth. y = 0.2 ¥ 1.5 71x] F71%te] utet 71&71e A 224ty Wxje] npuidd S
Z714S 8 4 gon, W2 y = 0.2 o of AFP Jhe B8E LEhdTHT).
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Tauc WAALS o g3te] atA oUW (Em)S FHTHIE 13). y71 0.0 oM
1.0 o8 Z7l3tel mel 2ASo] gANY Zol dstel, B UL 1.40 eV ]
X 2.78 eV 2 Z7}5tATh y = 0.0 ol ZAE 3.59 1.4 eV & En a-SizH e
ANAal grojrh. Aol ZEF yol WE ZAE FUA oy ye] Hike e A
22150 Azpet AXFE Azolri[22,23]. SiCoH el A ' Axpe] &
ule} =QE A yob= wlEgici27]. wietd $19 Aol uiFA AE FhlolE
wpgpe wlohy ghie] §heao] FUM4S ZASS WAL FHF UL F7t
itk @d 4 olrh

3.0
28}
26}
24t
22¢
201
13;
16l

Optical Energy Gap(eV)

14}

00 02 04 06 08 10 12 14 186

Gas Flow Ratio of CH,/SiH,

(Fig. 13) Optical energy gap(Ec,) of a-SiC:H thin films

as a function of gas flow ratio of CHy/SiH,.
( 300 C, 0.4 Torr, 50 W rf-power )

tlh A7AH 43
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(Fig. 14) Dark conductivities of a-SiC:H thin films as a function

of gas flow ratio of CHy/SiHs. ( 300 T, 0.4 Torr, 50 W rf-power )
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(1) 48z 2%
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stol7t gitie 1AL UrhA, $49 HAo| dolgle] ALIFol SR EHE AL
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ZAAs|of glon, Knudsen X]47} Laminar EELZ 3]-&3l= 4 dge 0.3 Torr &
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S(nc-SijCoH) ek dAstech. U7 5.8 co o Mg gH FH FE] EHE
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Whg-& 3713 F7) 1502w &} Si waferst AW Zets ZZE 7 71 #lof &8
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odom, UV/VIS spectrophotometer®} FTIR spectrometer® 2}t 2pate] Eo} F-ZAQ
E4S zZABIETE TEME ol &3l ABAS wetsti, 1-Vel conventional Hall w1y
o8 AT E Ast oJEEE ZAslAcrh oA sto] nFH LY & T
A A wie} MRS LS HF 100 nw/h &) P& LR AT
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ol HAFEL 2xo FAIQ 2R HIgFo FHitolLl Afo] &Y Zoy oA
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(Fig. 15) Growth rate of nc-SiC as a function of temperature
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utute] 2xol&M-g ZAMSH/ $l8] y& 1.0, RF powerE 50 W 2 ZAJ AJefo]
LEE 600 T 742 AA7IH FAT 2ute] Ened 27 160 vEhigict. 23]
UERGQlA] okxlgt 50 C o b HAAAL me 2.15 eV 21} 300 T oflA
2.75 eV 2 2713 L7} 4A3ste] uhel A} 7h4Ste] 600 T oM 2.2 eV &
Uehjgich ol AL uigt uie] 2R Q W3} mjEoln 2%t &ejzie] whel 300 T 7t
A a-SiC7t FAED & ARANY si EBE SiC7 YAEHE AFolet AR
3c-5ice] ofuixl 74 2.3 eV ojnj, THAA Sid 1.1 &V &2 AR o] 73o] ¥
23 3 Xl 27| dgigelth

ar fr =
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(FIg. 16) Optical energy gap of nc-SiC thin films as a function of temperature
(0. 4Torr, 50W)
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S 22l 170 EA5teich 75 W oA 50 ¥ wiel H xjo]E UEhAX] st 125 W o
A Zr) 3.0 eV 2 2713 5| 150 W oA 2.85 eV B zZbASIIch 75 ¥ 2} 100 W Alojof
A EpZ F7HN71E $2% H3r Uit

- 38 -



% 3.0}

a

& 24

>

(o))

o 26f

=

L

© 2.4

9O .

a N

O 2.2 ) ] A 1 . 1 L
50 75 100 125 150

RF power(W)

(Fig. 17) Optical energy gap of nc-S8iC thin films as a function of RF
power(0.4 Torr, 600 T)

th 23 54

12 182 yo} RF powerE 22 1.0 2} 50 ¥ 2 IAAFIL 2 300, 400, 500,
600 T oflA] “3&gt utute] IR absorption spectrao|th. oA Si-H, stretching
mode(2100 cm™)[31,32], Si-C stretching mode(780 cm™)[33-35], C-H. wagging E&
rocking mode(1030 cn™)(33,3417F X.Qith. 300 T ofq 42H dujeld Ay P24 2
3+ | 7l= 8§ (CHi) deformation bonding mode7} AZFCH36].

Lx7} 600 T £ ehzto] whel Si-Hn mode?} C-H, mode, aa]3 & (CHs) modeZ} A
2} &0]E3 Si-C stretching mode?] 717 F7hstadh. o] A2 whut of 49 HIPol
ol e si-co] Agol F7HHE onliict
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(Fig. 18) IR absorption spectra of SiCe:H thin films with different
temperature(50 W)
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AAEE 0L FAA 717 213) 600 T o)A, RF powerE 50 W o4 150 ¥ 2 F-7}
A|#A A A& utabe] IR absorption spectrumS @ 190 YERJATE 150 W oA
Si-C stretching mode: T2 A717} £7IEi9len O E5 FolAZ L2 Si-Co Aol
oS Z71E98S o 4 9t} Si-C stretching mode?] FWHME 204 cm™ oA 102 cm™
2 Fotzlen 339 SIXE 780 cn” oA 800 cn' &F o]F3}rt Chen F-2[38]
zc-SiC2] TO phonon mode& 800 cm™ oflA] gt ul 9t} B-SiC2] TO phonon modew
796.2 o™ ©JTH39). TO Ei= REe] AL diut yiRolA Si-C Aol HA F7istd
A AR} o] Tl FAE ¥ = drh weld AL AH&YolA ujFA ME 7}
ol=7t BAHYI, 600 T & 222} 150 W &) RF 2&ollN AREE ZTHUT o]
- d=lgich. ¥ 600 T ol RF power7} F7HdF ouyx|fo] F7Hlch oA
ZAd A} FAlo AUAPY S Y 4 AUSS BAFErh 50 ¥ ollxs Rojx] dd
C-H. wagging 2} stretching (2900 cn™) mode7} 150 W ofjA] #ZEglon ol ‘i}‘!}\.}]..)
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(Fig. 19) IR absorption spectra of nc-SiC:H thin films with different RF power at
600 T |
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(Fig. 20) Electron beam diffraction pattern of nc-SiC thin film
grown at 600 C and 150 W,

a3l 20& 600 T, 150 WollA 232l wiupel AxpA 3ldolct. IglefA B-SicCY
(111), (220), (311) woi 23t AR 7} Koo o|]Ro2 o] AAYANHUSS &
Qlat 4 glaith, 50 WollAl 150 W2 wWataA ZAFAol UPH w Eped 2.2 eVollA 2.8
V2 ZrlstdrH s 1738R),

a3l 21(a)s 700 T, 300 Wolld A3 AE ubute] dark field TEM imageolw ¥
21(b): 1 4] SAD siulolt}. ulAA matrix® £ #43 siC APYPE Br} BY
3] sieial £ olth. AAY=ARY] 27lE 70~150 nn FEQ] vhieAe]aY de|E Fhutol
= ubgtoln, SAD THE-S upuo] A-Sict Si ABAEE HI UFE HolErh o %Y
o] that 800 cn'e] IR F4Ae] wiEx:= 75 coolgith 600 T, 150 WollA F/83
wIejAag A2 shutole wiute O AU o FHE Ao AR
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(a) (b)

(Fig. 21) Dark field TEM image(a), and SAD pattern(b) of the films growm at 700 C

and 300 W on silicon wafer

o A7 54
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Z7}sbedth. a-SiC:H whute] 3z Wiste] 3] AxErt F7HH ALE FHL)E oY
3t Wzl uphy 440 4ol Si-C A F7idel HAsGen AP WH
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(Fig. 22) Dark conductivity of nc-SiC:H thin films as a function of temperature at
50 W
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(Fig. 23) Dark conductivity of Si;Cx:H thin films as a funtion of RF power at

various growth temperatures.
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¥ 7hx] HEA7IY A" wote] Aexe] wzkg 17 23¢] vehiygch ANFLE
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3.4 &
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deposition) @A o2 LA A" A Julol= b JAsigct. FHL2E} RF
poverol] whE upupe] pz Wizl A el ¥, FF, FHJF FY9 WIS ZAE)
g} A3 ute IR F4 Yo Si-C AYel FPHASS & F dgen, 539
Maews 300 C oA 600 T & epz4-F Si-H., C-H, Si-CH, A¥o] 43I
Si-C Aol Zrstdct =7t F71%el whel wtuh 40 FR-Fol HL3HL B
8] oko] st uidol, M2 Aol A=, $BES 2 H3 Yol /A
olUx] 7§ 2.75 eV ollA] 2.2 eV B ZtAd}AT} 600 T oA RF powerg& S7HAA4+H
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g 483 o niE A713 54 AstE UAsH] Y% 42 Z Remote Plasma CVD
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(Fig. 24) The Schematic diagrams of (a)PECVD and (b)RPCVD
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ututzl 3 323, HJ|3 5A4L v]2stgtt. alpha-stepd o83l FAIE FAs1A
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PECVD2} RPCVD whHo2 4%® uiuto] cis) RF &30 WE 4FES 218 259
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(Fig. 25) Growth rates of nc-SiC thin films as a function of RF power.
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718 26 PECVDS} RPCVD Aoz Azt wimte] 43b3y ojux|7y EnS RF &9
o] 3= el Flojtl. RF YL 50 W oA 125 ¥ 2 F7IXZ wff Eqe> 2.0 eV o]
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(Fig. 26) Optical energy gap of nc-SiC films grown by PECVD and RPCVD as a

function of RF power.
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wlute] EabaxidnlZ olux|ot AxpH A vehdgch FZAAd AF Y A7l
60 nn A=, ST ZZAA PECVD i o2 AW e AL ARBY 271
30 noEct =tk 33 25(b)2) AR AshY-L Si(100) 7lgte] &%t HHASH U7
cubic silicon carbide(3C-SiC)&] (111), (220), el (311) WEE Kol ZL=Z X
o} siC AR 2AE0] cubic FRE ZI UL & F AUtk FYT 2ojA PECDE
25 upate] Aol cubic silicon carbideol 213t EAsiR& US| RPCVDO
s o AttjEQl M7} erstdch (23 208R] ol ¥t A2EAM nc-SiC %uhe 8%
3} wj RPCVD #Alo] PECVD ARt} U8 3te] o felsicia ettt

(Fig. 27) (a) Plan view TEM dark field image of nc-SiC thin film grown by RPCVD
with an RF power of 100 W. Typical grain sizes are 40-60 nm. (b) Diffraction

pattern from the same sample showing cubic silicon carbide phase.

_50_



*.-g 10° —
107 — e
<> 107k / e
S 10%f
> ' 0
S 10t} / @
O 10°F
o 107} /a .
§ 10°F Y,
9t
o 110(.’10{ / O PECVD
T 10"k /}ﬁ ® RPCVD
D E L 1 1 1 1
50 75 100 125 150
RF power(W)

(Fig. 28) Dark conductivities of nc-SiC thin films grown by PECVD and RPCVD. Films
grown by RPCVD method have much higher dark conductivity than those grown by PECVD
method.

3 282 AHAH SiC qtate] ¢AEE(dark conductivity)E UERA Zolth
PECVDS} RPCVD %% uhy R% ut2 RF 23 (50 oM e ul¢ ¥ ¢IEES e
o, 75 W olatelA 2 Zog Zulstadct. eut 100 W o] dol = thA] =24 L3}
= ZA8kS X4t RF 29 7502 ST X7oA PECD Lo AR A9 4
5= 1.0x107/Qcn Q] v]5f RPCVD ¥hi o2 HAH AR YAEEE 0.1/Qcn &
RPCVD o] 10° uf o]4te] 2718 Bgom, 100 W ool = Awtzox 10° uj o]4te]
F7He Bch
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(Fig. 29) Dark conductivities of nc-SiC films as a function of temperature. Films

were grown at 600 C with an RF power of 150 W,
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B$5o] F48 unintentional donor impurityZ} o 2 EAd 3oy x]7} 0.09~0.10 eV
2 oe]A glrh. wietx] RPCVDS] ]3] /d8EE nc-SiC #bate] HAZEIeUR] 0.11 eV &
T4 sice] Aot npHsiE VY AL ¢Sl ¥ €2 donor level2 3
4 qlen], PECVDY] 2% wpute] Hp= ALJt 53] Y 3EA] Rdlo] defects}
BIAY P2 £95 P43l Ao AR of9} B2 xo]HLE & uwj PECVDo] H]
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US4 = AUch

- 52 -



U E¢E =92 pn JAY

33 3000 RPCVD WY o2 =X sto] J3T ate] Axx Mg vehjgrt
HAALEE 600 T, RF 23 150 ¥, y= 1.0 < AelollM n-type =F S 317] fls) 4R
Al PHy 7AE AJIstgdet. 40 0.1%2 2 M ¥ PH; 7HAE 058 100 scem 7FX] H3}
AR Hristdout 43R wate] AT WciE Wyl gloich PRLE EUL
312 9}atS mwle] AETE 3.0X107%/ Qcm 0|21} PHy7b 100 scem A wfoll= 2.5X
10%/ Qcno 2 238 njAstA ZAstErt ol =S kx| U2 ulwte] ojn] E
B2 x9o] o]fojHon =HYNAT FIslz utute] A YA HriE F¥S
nx]2] B3}y gEL2 siAHch 23 290] BojI RPCDE EWo] x| 4%
utatef tis] QL donor levelo] HAFTH= 3]43} 23tels Ajoln], umiehd PH,
NAE HIISHAL HF7siA] 42 Aefold 43R 22 n-typeo] FAH AT 14
B &Y (200 l/sec)ol® S35, B¢ =B0] XA UA o|F3 VA2 X
Huhe] T slAe] Aol ALt M2 leakage VA WELE oAAWch Fap wpute

BERAIZE AP Folrt

ﬂfl

Q.x..
)

o~ 10—
E [
O [
|G L
~—— P
:é\ 10 E
S b
F
-g " ] = =
O
5 1%
O '
*
0]
@]
-3 y— N P SR | s MNP |
100 10 100

0.1% PH,(sccm)

(Fig. 30) The dark conductivity of PHs3-doped nc-SiC thin films
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(Fig. 31) The dark conductivity of BHg-doped nc-SiC thin films
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(Fig. 32) The structure of hetero pn junction
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(Fig. 33) Voltage and current characteristics for the hetero pn junction
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