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KFATELT 7 22 ) T2 (a-SiH) REBAOEES L, 1975 FITRESNE W, E.
Spear & P. G. LeComber O3 [1] DS HE¥ » 72, S SiHy H XD T 5 A< 53R
Ko TER U 7KK EZZRICEE o-Si:H #iED pn HAIRETH BH & 2R LI, T80
B, aSiZFIUHETELEMRTENT 7 ZPEEERIZBNT, TEILT 7 22T
FRETHETTU IR F (REETF) £ 1K THEKREFORBEICL > TRET
5T EERAEL. PEMETNA A TROEENL pn FHEINTE 2EEIT NV FRORTE
EMN AR TEIDTH B, F1976 4Fi1Z. D. E. Carson & [2] iZ& - T a-Si:H #FEED KB
BHADICHNREZI N, S SICT1977 . FHiH S 3] A ITO EAR LIT/ERL U7 p-i-n S
a-Si KEBEM T 4.5 % OFIENE oSz 2 EARE LERIADO—E:0NEAH XN,

KEGBEAMAMEE LT, a-Si:H BRI Z O GEBED S LU TOBEN/I.E%EFF > T 5,

1. KBRS TR IVF O E— 7 435 TRIURED B & S ORIIRE & L TH 1 #7KR
&L, KBEME U TORESHEEXIZIH 1 pm THH, BESD 70 um EHAXT

X H3THL,

2. F=EUTIZAERICH ZEBALEWHETEEIZITASADT, F-E70F otEx
EEE LIS,

3. BEATBRE TI~T 400 CLUFOEETIA 3 DT BFICBERL T RLEIDE
{TFr

4 BRRE LT, 2B HIR. BHTFTANLDES I v o R ES 5 Bk A
TE 3, |

5. KA B L UVEE D OEEHEMEEEISE L T D . EERITEA TS,

INSOBEI O, BERKITED 2 ERMEKEEMMEE LT, REAZDHI UIEHR)
R LD D DHAFEIEAILTONS LI -1,

BAETH IR p-i-n BUKBBHIERTH D, p BITENNY FF vy 7O a-SiC:H 7
AT 2 2 & TEIRLHNIN SN TE 7 (4], BiL2ERRIICH T 5 REILTO
3ETH 5,



1. BEOFEEZ 2SRRI BICHIT 2PHF v ) 7T OHLEEIE S | JtiES N/ IE
. BIOHHESNBNI EDS, 1 BOYHED R EEEBELZIEINS Z &

2. a-StH OXFEF vy 7 E, i3, 1.9eVEBETH D, KEDLHERD S B £ BELIF
ATEENI ED 6. IDEORREBENHTES 2 &

3. I UicF v ) 7 ONUERN RN LD/, p BHE LU p E-1 BRMICHIT 52BN
WEESRET B &,

IO OFEREBICIE. MBS OGS BRIELE - BRBEEF OB KEBEIEDXK
FREDPMBETH D DTN OMEEEOREARITL R EBN T RE LIBETHS &
=2 %0

ZOFRDO—D2DAHME LT, a-StHIZ CL Ny Ge W EEMA . M EZEZ BT LIk
TREZ DNV RF vy THRRFOMEIDIESNB D a-Si1_xCxH P a-8i1_Gex H IZ DWW TR
N2 RF vy THORMHEN S L OEE R EOEBYEE THHS TR 225 5 [11],

b9 —DDHFMNIRILEZNY FF vy TERFOMBOZEATH D, & T LEKRGE
e LTEHRIEBONS XD -7 [5] [6]e & DEES EICEB T2 5, 1970 4RIC
Esaki & Ofs i EABK FOEZNTLR, B0F ¥ U TEBE. PROB/BEHE.
Y NF vy TORFEHIEL E0MTF SN, BEREFOITBAICHTRINTE I, €D
%, 7 ENT 7 RYEE T HEEHOBET ORBBESIIH3ED > Th . BRFHELE
RTX B I &> TE I, BEE TITa-Si:H/a-SiC:H [8]« a-Si:H/a-SiN [9]« a-Si:H/a-
Ge:H [10] 72 ED#AFHE T, BEFHITRR [12] PHB b 2 RIVHIR [13] 18 EOBIETF
ORI BENIERAIN TS, TOLIRTENT » EEEBR T EF A UK
BE L TRUTOREND 5,

1. 18T pc-Si:H/a-Si:H B TEEZRH U KBEMICE T, F+ U TOBEREE
SAT 5 A LDOED pc-Si:H B L a-Si:H BBOBOEA L6 3 [14],

2. p JBIZ a-Si:H/a-SiC:H B 7 HE 2 W e KB ERIZHB N T, a-SitH BDOAIZ B %
F—7 U7 8& )V OmEHEEE (500 nm UUF) OPERRIRIKIFIZA LT 5, I5IC
a-SICHBIZH B &2 F—F L7255 10.5 % OEBIIFEEZF TS (15,

a-Si REAHBOIERE & U TIIAN LTF 5 X< CVD (Chemical Vapor Deposition)
HIREREINS CVD o R ERIEHR/ Sy 71 V7RI E XN 5 PVD (Physical Vapor
Deposition) 7ot R EREIF 55, BIEABEIEREOERKIZTS X< CVD :TH
D, ERLUBBIITROENE b > T b,

1. BEREEDNEL,
2. Ot - BAUFHED R

EZAD, BETEBEITEOZEBHEROEEICENTIE. BEARANEZOBEL 25
BHADIHR2IBEREHIELSNIT e TOHIZODNTIZ. RIGHEZ Sy Y 7 tkh



75 X< CVD HRICHNGEZETORENR]§878 2 & £zl B —7 v b EEROHL
BRMRAEZ DI TERBEOEEMNTE, TADANBKRIDNARERL L ENSHHMTH 3,
ZOMIZH Hy W RGFEICE DIENOKEFRESE 0% D ofEREITT Y Fo— LTS 244
ZH b, BEOPFFRICEREEL S, L L. RIEER/ RNy 7Y U 7ETIE. T3 I)V¥F—
WAL RN OBETOREEL D, TSI RXTT A —=UDILNEEDOBRINE LT
Bo Flon BRNICHREAKENRATE I &L BLU, KFEOF 7)) v 7Ry RN
At ThHB I ENO. BEBRNNDKFEDOEABELE PO & U EEOER S L O -
HE ORI EE N5, ,

U EDE SIS, AR TEINT o AMOFHO BB EE L TR/ YNy 7)) U 7k
ZEA U a-Si:H/a-SiC:H @R ER L. ZOEE St - BRUFHEZIHSMNTT S
ZEEHME U, £9. a-SitH L a-SiC:H BHEHEEOAERAR - Mz >0 T,y K
HROBEE JUHEOKRERICESEBENTHRE Uik, B TEEE/ESR U7,

UTHEBEONBEZBHEIZEH~ S,

F2ETE. SIFy—T v ORI YITHD Ar A F 4 2 EFNZ. BBAOKED
BARMELUTCH, A A VH VU EMZ T aTIVA TV E—LRNy &Y o FEEEATE - 3
YEU a-Si:H AR Uz, Hy 44 U4 VX DIEMH L UIoKkEFXERESEmICKES T3
Z EITE 5T a-SiH FEOHE &t - BRAFHEORIEIAE AT, Hy A4 0 E— L D%
% 75 X2 RN FIT L - TR FEEEHI DO TE. RNV, Se2 R s E
HEIRBRIREEMESIT O Z EICk > T BRNNOKFEOEA LENOKFER GBS LU -
EREE & ORI YW THRE L,

FIETIE. WA B Ny F Y U TERICE > TR U7z a-SiC:H #IEIZ DT, A —
U 2 BT (AES) IS K AT, EERE FIRMER (SEM) £ L OEAE A
8 (TEM) %A/ ERBEE AT > 70, T/o. AR, KBKRLF#: (ERDA) %A
W OKRFRBEOUIE B L UBILERIZ L ZENKEOREEROBIEEITH Z itk -
T JRPOKFREREFERBIZOWNTHIN I, TSI I - BRUGFE EBEROBE%RIC
DINTHEFT LT,

BAETHE. 2 cHKESEFE R R/ Ny 7YV TEEHEIC K > TYER L7z a-Si/a-SiC 8
MAHEBIZ DT, =Y 2 BT (AES) IC & 2 FIIEOFE. (b¥T v F 2 7K
% FOTOEFIARER IC L A AR OBIEE. £/, X B/NAKEIERIC L 2&N\T o REOD
BIEHEDFHZTT o720 XHIT, TaTIVA A v E—L XSy &) U 7EEEIZ L - TSI
72 a-Si:H/a-SiC:H @ T-#EIZ DWW TH X BROPrEIC L » TEE T HEE O E1T - 72,

%5 BT, 2 TREESEE M/ Ny F U U IEEICK > TEB L7 a-Si/a-SiC
LU a-Si:H/a-SiC:H BT I DUV T, BREEIEE T2t (UPS) B L U9RER
WG OBEIZE D /N> FREEDRIEEIT > /oo T, HFEF vy TOHF BB £
NEZEITE > TEST A XIROMWELI T T oIT. 1 RIEOHEERT ¥ v IVIHF
FRELUIETINCL2BMETELIHOTRAT I EICL > THEBHIZEITSF v Y
T OENEELRD . BRTEEON - BRUFHEA T L 7,

F6EBILULOBIETH 5,
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a-Si:H BEOEEE XOL - ESUFMH

2.1 % =

a-Si:H MO REITEHKBEDRE LEEAE5Z 52 L3RAZ  OMRFICL-T
HESINTS [16] [17T]o LD - T b - EKEFHEO BOWEIRAEH T 25865, HH W
3. HEOFEHAHIMET 255 ICI3EAERRNDOTEHAIKEDOE S FIHT 5 HEE
LT %,

—RRIFEHINTNSE TS5 X< CVD #IZBOTIE SiH, AR, Uit SiHy & Hy, ©
BENRAETSS AR UER EICHBET A Sick > THEREkExE 5, ZOLET
3. B EEEAANOBEMAKEDOBFELAEZ B7-DICH, " AoEEMETEE. 75
X< DIRENZAL U SiHy H AD G EHEBIZ S HENH TL %, T78b b, Si O L#E
REZRIANDOEHEALKEORY &AM UTHET 3 2 ENTE I, —HIERD R Sy
Z)UTHRIZBONT . KR H, YAOETHREZIZEAL. Sid—4 v POy 7
VU TWRWS Ar HRAEDREN A TT S AR RET BHD. KEHRAGEAEZ S
ETSXDIRENEILL. SiF—4 v bR/ ¥ Y U THSEE X UER~NOHREIZEK
BARITTIEITRD, WEEMSLUTHEIT A Z EETER D, L - T, EEAE
FENTB T BTEMHALKRFEOBB AT B IcHIZiE. Si OHER S BREREOERKE
DS MALHIHT 5 2 LD TE 5 BESREIC X 2 HPEV LA BLETH 5,

T THEMETIE. SiFZ—F v PO/ F Y 7 HERIC. BREEm~OTEMHELK
ROBHHICH, 13 72 MU, TaT7IA4 A E—LRNy 7 ) TR ELSR
gt BfELTce COHy A4 VA OFBAMIUTEALT ZZ &Ik - T, HERKEE
HITH1T B EMHEKFEOB E 2T/, BEOMESL LU - BRUFHEANOZZBIZ DN THR
U7,



2.2 ZEERAE

221 Fa7IWAFVE—LRINGS Y UTEE

AHFICHIT5 a-StH #HRIZ. BRES BHELIcT a7 N4 A E—L RNy F Y
TREBAE TR U e —RISA AV E—L S & ) 7RI, 3EROEE R/ Sy 5
VU IR EIC AR TRBEORBENEHTH D TEMITEHE DEHINTLVEL, L
U BIBENS A VAV ORBEESHEINTOTEEETHL I EHS. SRER /Ny
FYUTED LD ISREN AEDBENDRADE LD, SHEOEEREIG SN 558N
Hb, IOICFBABERA/ Ny FZ YV THEERITD, =7y MIDONBE/NA T ANEOOD
Ty AN Y ENIIEAT DY —4 v bADWFH. BA A VDPEFOY—4w MIET
DI Z STV D B, —H. A A VAV DEBHRBEIZBHEDOR/ Ny ¥ Y L 7HEE
DEFMEE HANZ OO THREBEEEIT B, BEESBR 2 BEEOFEIC B TR
B4 EDILENERES R %, UT. COBEBEOHEHZEHER R, BLEMNOEE.
T RBIALF I T DNTIERB,

a) EEHRR A %05V U IRICEREARNERET A EER LA M & UTEA
T AHBNDD B0 BIRREICIE dry UBREZENRIIELE BBLETH S, K73,
AFXH DO Ar BLUH, FREZBATHIHOEEENOEZEMETT 5, TDOBIC
EBEBERFAICELLZOI ) THREVIEREENER SN, K 21T 2714 v E—
LRy Z Y v TREDOHKRGEOMBK %2R Y, MEER 7 (D-950DK &) &5 —Rsy
FR27 (ULVAC 8, UTM-1500 k&) O 2 DOBERR VY T2 EH LIz, ¥ —RHTFR
v 7 OPERGEREEZ 1500 /s TH D BEEZEE S & HIC LEROFME Rz LT 5,

leak valve

=

vacuum chamber

main valve

turbo leak valve

molecular valve =

pump rotary
pump

B 2.1 TaT7WAF v E—LRNy § ) U TEEBEOEZE SR

b) EEERADOKEE K 22iC. TaTlM 4 E—-LR Ry ¥ ) v FEBOEEEN OB
WERT, ANy Y Y TETIRZHBBIAEE TERIZ TS L £0@B LUNEEED



Ar shutter

N\
b
- T gsubstrate
Ar ion gun A{\l\?n“\[ f\ Si particle
Si target \ H2 ion,
SiC target “—“‘”‘_>
H; ion gun \H2

X 2.2 HEZEHHN O

MEIZEA R ODIRN18-8 RTF U UV REAA M Uiz, RIFPIZRUIc & S ITAREE IR
QEDAFUHUVEREREL TS, F—7 v FREE 45 OFHFEAE S DMEITRE L7 Ar
AFH L EDAF VE=LERE LY —5 y MR Ny 55 E ANy FHTIE
7 =4y b EFIOKFICHRE U EAREm IR UBRE KT 5, /o, ZERERE 45
COAFEICRB LT VA MNIOH, 14 A U S RETOERIIIKEDAS A E— L%
BHTEZ, =4 v MIKERT, FESIBLUSIC AEFELTEYEERIZHE - T
NWBDT. XAREE L THRE TOZBEOIEEDNAETH S, ¥ vy & —TRIEFI DS —
7y P REOAMMERSE (pre-sputtering) BRI R/ Ny &Y VT DORET HETOR., &
WEmEE S —IV R T B1DIRIITITHO, ¥ vy ¥ — ORI EZLR LE O REE AR F
WX > TITD, EfRIIVY —I3EAEERR (EERE: 0~10 rpm) T. FITRIT F2Z4R0M0
BHE—7I1TL > THRE 450 °C ETERAEFRIEBETE 5,

C) AV ITVBIAK VHY R T UBAF N BTGP EETTABFICLAHE
THREEBEHA A MU TTSATEED DTS AHFNSEZANRDR I V=T y
RTAA U AFBEEPIIEHTHIDOTH S, ARETII. 3 cm Ay T BIAF A
> (lontech . 3.0-1500-100) ¥ L U'RIEIH (lontech B, MSP-3000FC) % 2 HZfiE L T
bo 234 F A VONEHEEL LM A U H VOBRRHEETRT,
HEEOKRBENICHEOTY / — FEFROE EICH Y- KT 45 A MEREBEL. <7
Xy MTEDBESEABAAICEIM LTS, RZ U =27 9 NidT 45 A2 MERIEM
THD, HBENOT 7LV —F—71) v FiZEoTAA E—LDFIEHEINE, T4
FA IO ENICEFREIAN Y — -7/ — NBNESOZFIIVFEFH L. P08
B> T HMOMBIC L DIRBIMEA X LRSS T ) — NIZET B, WROEBA A ML%E
NBELKATH IDICEFOFHEHRITENNEZD LD TS RELLBL LI IERAT R
FETHEIE S, BEORIBLIUVDHIE. BEFOLTEFEBEELA A AP ETT-
1287 ) — FICETALIICREINT NS, LIEN>TAF UH U HDT S X< DIREE
T 74 A2 NERS MBOWMI, AV—-F=7T/—FNBAL. FREREITX > TEALT



mass flow controller
Ar or Hy gas

—>-{
N cathode §
power supply l anode
dischage — y
*> power supply i /
+

+

ion gun

*> beam

magnet
power supply j <T——, e

+
controller accelerator i‘
power supply : cathode
I \\screen grid
4 accelerator grid

N newtralizer
power supply I_ ——— i, ‘i_ —_— neutrahzer

X 2.3 14 7 OAEHBEL LUERSRT

B, T2V V—5—=7Uy FiZL->THIEHEIN/T A AV E—LITBHEWOIEBRRIZX
DE—LDOEDILED>TUE D, Flz. =47 v MBI OEEY -7 FEmMITIER
NI E D, RN FZ ) D ITNIERIZITAR KNS, ZNEB<IpilT /L L -5
Dy FRIAICZ2a - bS5 PEREL TS, —a— S SAPNSBEFEAREB LA
Z U E—- LDOEEMABRKMIZFRXE %, -

At HREA AV H DT Y v NOBEHT

o = v b (475 mm) HICE—LMINEZZ &
o 1F U UVHMNT S X< EMFFTEBES (5D 1 Pa ( mTorr)) 12725 2 &

AEB LI, DR, ¢ 25 mm OFPHIC ¢ 1 mm DI 409 AT 727D v FAFERLL
720 AriiiEE 4.0 cem EUTL Z Y v FROA VT 77V ABLIVRIEEOBEEFEAEE L
TAA T OB EDOHEIIAEHET 5 & 057 Pa (4.3 mTorr) &7 0D 75 XA RE
MERFFTE 5, WMEBBEIINHDV &L, —H. Wi AAAA A D7) » Ni

o HARARITH—ICIBSTE B o &
o A VHVNEDT S XA TE BES (B Pa (B mTorr)) 1275 % & &

EZEUTHRE Ui ZDHER. ¢ 30 mm OFBHIZY 1| mm ORE 123 @FFD7 Y v NI
UZco Hy A AR 100 com & UTEET 5 & HEBEROENIE (8.0 Pa (60 mTorr)) &7&
D, TIRARERELTHRTEX S, WEEBEIIS V & L7k

2.2.2 a-Si:H BEEMERLE

=4y MRS Y T AR, BT (111) Si ™7 2N, T—= 2 747059 45
2D 2 BHA BB HbETHENDT 2, TNODERE. K. TR, k. &3



# 2.1 a-Si:H EEO/EBIEA:

Target material Si
Substrate glass (# 7059), Si wafer
Substrate temperature room temperature
Ultimate pressure 1.33x107% Pa (1.0x 108 Torr)
Ar partial pressure 6.0x1073 Pa (4.5x10~° Torr)
H; partial pressure | 0.071 — 0.23 Pa (5.3x107* — 1.73x10™" Torr)
Ar ion gun '
Ar flow rate (Qar) 4.0 ccm
Beam voltage (Vjs) 1000 V
Beam current (Ips) 30 mA
H, assist jon gun
H; flow rete (Qu,) 80 — 140 ccm
Beam voltage (V) 150 V
Beam current (,) 15 mA

7 V=K K T OBRTHHIC S H T OBEBREEETT - 1otk EiURIVY —
Ity UL WEEER FESF KRG TR T THR T 5, MAOEZEED 6.5x107° Pa
PFIZIE o728 A7 VA VD Ar AR (FEE 99.999 %) 38 KO Hy X (HEE 99.999 %)
AT —aAY ba—5—%BUTHAT S, TRAMENRE LUK, 14 07 B
EEDH .. BEFREOLMFITEDHE S, 10 D pre-sputtering D, AJE)Y vv & —
B IR BIE T 5. BIROBRTIZREN Y vo ¥ —EHD L ETITO. A VA VLK
5 E-LBEEBIUVEREEZEMOES LR UIck. BFEAEIE U, % 2.11Ca-Si:H
BEOIERENEZ TG AN FHDO At A XU DOEZBIT—EELT. TR M H,
AFA A BT B Hy TRE (Qu,) 2FEZ T

FHEOBEEIT. BRBERICEERRICE DR 73N T cila &, s nzifa &0
BHC T & 750 RO BRZE% st 2 X 5 (Taylor-Hobson #t#4. Taly-surf VH) ZH>
THRE L7z, 51T, AIEEEIC B 1T 2 EEEHARNORN RO ETHIC L 5 KREMK
FFHELDREEZFHE L. ERERELSE, BEICIE. B OeEs (SEREERE.
UV-3100) %t 7z,

K 2412, TYRAMHH, A AV E—=LEBE V,,=150 V. E— LB L,=15> mA D%
PETPERL U7z a-Si:H #BEOIRE & ER I OBFR AR T, CORNS /Ny 7 U U 7K
EEEDHBIBARIZH 2 Z ENDM D ZOEBROMEE D S EEKEEEIZH 0.080 nm/s
ERHTEI, MOMEEEHOBRIZ OO T HRBKICERIIRBERFMICHEA L. Lizdt-
TEZENENORBHEAERD D Z ENTE I, FIABEEIZIIHHRENRD 72D T, K
EDOHIENI BMERIC & > TIT - 72,



B | | | | ] |
| @H9y=100 ccm 4
400k with assist |
g I Vpa=150 V ]
= Jpa=15 mA _
§ I .
€ 2001 —
—Hd - deposition rate -
= 0.080 nm/s  —

] ] l I I ]
0 2000 4000 6000

Deposition time (s)

2.4 FRJERFR] & a-Si:H M OIRIE & D Ba%

2.2.3 TSXIEXSIEE

WE. KEBHAMELEIZAOSNTNS S1 RO T EIV T » FEEIT, —RIZHK
B COVD BRIC k> THEBIE N T B, ZHIT SiH, M EDERA X475 X< his & ThH
T B EIL>TTSOHINEERLT, ERLICHBEIELHDTHS, ZNoD5 Y
HIIZIZRAEED S DOBZ ). RICH RAOE TS5 X< DHNERART MVAEFNE Z
FIE T, FHLADTZ VAHINBOFHAOFESL. € OHMBEDOEAEFNE I ENTE
5 (18] 19 L7z ->T. 7TEIVT 7 RAPERORERBEH ST 5 &40, TN
ICZDSEAR =Y —F5E0IEED S DEBRO TS X< DRIESTEEENOFR)
WhHEEER 5,

RIFETIE. Ar HRIZKBAALVE—LTSiZ ="y bDR/Ny Y V7 AT, Hy
HAWEBAF 2 E— LTSt HEOKFINIAEIT-72e ZOHEIZK > TERE L7z a-Si:H
FERE OB LKFBILDOBIBIZ DN T ORIV ZORERBIIH M
T Z2ITy IKEBERTF I VAHINVBIUKEGF T OHNETN RO TH 572
» 20 A1 F Y E—LHDT UHIVEEEEFEESEE EOMEERN, WERDOT oy
I RAER 2512583 A4 L E—LDNSDORNEETF v NIRRT ICAEEISHLD
HU. ENE VUL THER L. XF v T2 bo—FHEDSEE (JOBINYVON
H, H-20) IZ&->Toe LT EEFBEE (IR b =7 &L R268) ick Okl Ui,

2.2.4 FRIMERIGAIE &

BEPICHR DA E N7k S &S Uy Sill. SiHy. Silly. (SiHy), F £ 2 EDS
N—=FELTHy NT—2 BICHS T ENTOB Z EDFABIGE & - T 5N T
VB TS IIKERARED o SUH MEOMIEIC K S HEBERITT [21] Z b o,
a-Si:H N DK RO SIREE <D = L3, FEOME SOG4 5 L TRE



quartz window

L/

vacuum chamber

power supply

->

]

light

monochrometer

photomultiplier

scan controller pen recorder

2.5 I RN HBTRDOT Oy 7

BRIEFETH S, IHIC. BRNOKZEFEEBEICHENEFERE UTH IR
TZERNTH 3, )
ROMRRIGEIEIZF 1T B & SiH, OFESRRBITHIET 2 IRENE B KX URIDGERE A5 2.2
29 [20]0 a-Si:H #HEIIIEMERMED I D EBOBRNZARY PV TREZENEND E—
INT 0— FTEIEDESZHDITIE B,

% 2.2 SiH, F& OB & WUREL [20]

Configuration Type Vibration (cm™!)

SiH stretch 2000

bend 630

SiH, stretch 2090
scissors bend 880
rock 630

(SiHg)q stretch 20902100

scissors bend 890
wag 845
rock 630

SiHs stretch 2140
symmetric deformation 907
degenerate deformation 862
rock 630

ZOWRE— 7 OB EBERENICE TN /BAKRRELLABIRICH ST LN PN %
FAOCT LB RINRIZ L A RD SHEFHEIN TV B 22, KO BEOKEOEEEE LT,
2000 cm™! F 72152090 cm ™! 2N B SiH 72U SiHy 2= v b O (stretch) E— FiZ
£ BB DR EELE B HEDNDH 5. KFELSIN 7 Si EENDOKER 3.
SiH #REH T O RN R4 U THRINFBROEAICTE T 5. Z DEEIERS DI IRIMBAR



B oa(w) F5A. KFEBE (Ny) EROXTREEINS 23]

Ny = KW : %/de | (2.1)

9¢ Z w

T K BWHIERE. ¢ BEORFER (a-Si:H HBTIE e=12). Ny 37 R4F FoH.
SRR LY AUANA RS AR (GRFALS ) 3 V) QBRSBTS 5 BRI
T\ SiH AR ((=4) I LT £=3.5 &30 Sills SiHy. SiHafEE1T LT H I UilE R
T b, BRISICLAKEOHESERE (2.1) A THONS Ny OHENS . FHIEMRE K
ELTOS ZHONELNEEBEZ SNTN S, Ldi > Tl a-Si:H EETIH#HEE— i
LT (2.1) RUIRD L HITEIF B [22),

Nu = A, /#dw (2.2)

772U A, = LAx10P con 2DEAFO SN T B, S0 (2.2) REANS Z & Ty Fohg
RARBIEN S Ny ZRKHBZENTE B,

KDY FVEIEIE. Si 7 2/ R ISR S 87 o-SiH MEEEE & L, #
WER—D Si 7 2 NESEEEE LT, 2 E—LBEBEICLDERDSDEREF I EBL I &
ICE » THEHBLOAD IR MIVERT, R UIEERIE. BB FT-IR. Perkin Elmer
225 Grating Infrared Spectrophotometer T#h -7z,

2.2.5 FFEHRNIFHEE

_____ V2
]
SHE TS Y
‘EB Ep — | Eg
)]
=i
T\ "’ m\
v — Np

2.6 FEMEFFRD/ N PHE

FMEFEARTIE. BEOARAMRL XU EOWNRADI kR EERTERIND
K DTN FREEREFEITIID L7293, K 2681238 L2103 Rl 525072k
12725 [24] [25), BIOHBIET 3 LE B, BUIZREEE N(E) ThHY. By. Bo 3>
R ¥ Ex By BT EOZRIVFEENARL TS, T/, EF 72 LRIV TH B,



ZDEDIZTZEEBINN Y FEEICEBOT. GEOHDITHYBEE O/ NV FinE il ET
3 & BIUEH o(w) BIRORTEZ 5N 5 [26].

B

" hw

SIT h=2h3T VI EBETH B, £/, E, EFF vy TOREIITHD. K26
D Ey — Ep iIZHIET %, B I3HAIEHTH 5,

EEER L DB ONBIEFRN AR MIVER 2 TSR TRICHEEE hw. BEIE (ofiw)?
DOEELTF oy b L. ZOEBEMC (2.3) RESTIID B &, E, 1T ho #EEHOK
B S, B EIIMEZD 2 EHSRDB I ENTES, I5IT(2.3) RAFD B il NV K
W Ec 1S BIREEHE N(Ec). /N> FIEOWE AE = Eg — Ey, EOBICKAOBIEL S
% 276

(hw — E,)? (2.3)

a(w)

N(Ec)
B x AR (2.4)
T nEHRTH B, &IAD. N(Eo) SN n OEIERBEEICE S FIFIEF—FD
ExEBbDTHB, £->T. BIEIINNY FIGODIE AE ICEBIEKFET A I &IT/85, 2
D AE 3B EDOALBUEL LR FOWRAHITER T 2 EINTE . FHE KD
FEYH&EAEZ 5 ECEERMETH 3,
AFFRIZET BIFRIR RS MVORIEITIZHREMEEES (BEEVEREL. UV-3100)
VS BEREREEREIE 290~2000 nm & U7,

aﬁw

Photon energy, hw

K 2.7 WIS (ahw)? 5 hw oy b

2.2.6 ERESECEERNEE

TEIT 7 RO A D B AR E S S LS DRI R D o
By 785 5 DRI SNTH D [28]. (I OME & B EIBIEDD B,
APFETIR. B E LTH 5 B EIT/ESL U7 o SiH MBS Cr 2 ETEmE LTHK
% U7 b DA, (EEEREAIATT BRNCREID [ - V A A~ Cr B &k



heater

LNy trap CA thermocouple

= H-

electrometer

|

sample holder sample rotary pump

—>

vacuum chamber

B4 2.8 (R REHIRE e i O

S EDA — I v VEMNENTOBDEMR U, {BEEHIREIT 123~433 K O i
T BEOBLE LUBIMT K DEBG ST DIZERAPFTEIT Ui, K 2813 RIEEE O
AR LI DTH B, BB RIS —ICEE Ulcth. BEEMEmEER S Ik ->THRA L
N SHERE Uz REHEE L. MEEBICE > THAA LB RIS —iICm D Fidice—7 —
X > THLITmE L. B0 CHICRE LI CA (70 A —TIVA ) BESIL -
THIE U7z, {8 Or BRI /- EBRAE B LT LY oA —% (ADVANTEST
B TR8652) T20 V 2 L TN 2 BRAME L. RAEHOTRERE o 251 U7z,

I
S VedW
ZoT D EANOESE (0.2 mm). d FRHOBIE. W IZEREOME (10 mm). V 3
MELE (20 V) [ ZHESNERTH %o

a

(O 'em™) (2.5)

2.3 FURAMAHy A1 FVHVDESEEBEENDRE

AMETIE. TVAMHH, £ A A2 BOTERILUIOKRE2FEAERTICE R
FIBIEICED, HENICEBKEEZEA LTS, KEHTIE. TVAMOAMIZLAS
4D BENERARIGERICOWOTIENRS,

231 Ho 4 FHVDAFVER

KT A AT OFEEM S IDICERKIIII B 514 VEREWE U, K 2.91C
IKFEH AT Qu, #ENZ B EXDA 4 L BROMERLRERT, 1 cm? OHERAH
DEHRUERO S0 — 7 2 HEROMBITRE UTHE Uico 14 V7 BIEOZMITARIE
B & U E— A V=150 V. E— L8 L, = 15 mA & Uic, 3o, HEMNOES
A RIS &R CIC S 5728 Ar iR Qar = 4.0 com X EZZMPISEA Lize 1424 D



E‘—‘A%“Jlu%_‘iﬂ: U THIE U7z, QH2 A3 120 ccmﬂT@'ﬁEfﬂi'é%ﬂ"/%%m*‘ﬂﬁﬁ/} LT
Whe, K 21012 Hy W AREAZEALI B/ EEOBEEMITELITABENERT, Qu, DWW
IicfE - CTEEMNOE T 2 2 bbb, BEMOENRIZE T, 77 &
LL—=771)y FOBEHURICBITSA I A<D Y —BIRPZEAA L. A E—LD
JEDSND FDEAL LI 2 Sk » TERIREFEmICEB T 51 4 VERMNEGETEMALIZEEZ oSN
b, 720 107 PailB A FHBEHTERZI 0 cm BETH D A4 VIFEBUTHZET S

F TOMICORLFICEET 5, ZOEX2RAA VEHELBDT. EHOHIMZL T
HERITBI B A L ERIETHEMUIEDEZI SNS,

& 100 T T T T T T | T
5 _
2 .
S} 80_//‘/#*—'—‘-
= 60 -
Z ]
< 40 Qar=4.0 ccm |
b= assist lon gun
)
5 20- V=150 V|
° L Iba:15 mA
s} .
- oL 1 ] i ] ] ] 1 I
80 100 120 140 160
H, flow rate, Quy (ccm)
X 2.9 ZREmEIZEITS H, 14 VER
100: T T T T T T T T T3
Qar=4.0 ccm
. assist ion gun
a Vpa=150 V
Iba:15 mA
g
= 107°F E
§ C ]
‘o
1072 I 1 | 1 ] I 1 ] 1
80 100 120 140 160

H; flow rate, @y, (ccm)

X 2.10 Hy A RIEAEZEA L IR DEZEREDES



2.3.2 Hy A FVE—LDRERLZIRY IV

AFH I TRV L—F 7 )y FERBRICT B I EICE > TA A VAT IS HT
LDTHBIN. 44 UH VHICEIET BKET DAL bEBPERIC & > TEEMNIZT &
HENERICBET 3, Tio. BZEENTOERRTFOEEIZL > T2 REIIKES U
WORENTEENS, AETIE. Hy 14V E—LDRHZART MVERNET S &
XoT, E=LHDS VHNEEZFAXRIERITONTHERS,

' | ' | ' | T -
—~ | @Ar=4.0 ccm H*B |
fé (H9=100 ccm i
2
8 x 10
2
g *
g T Ha'
@ *
R N \LHQ IT
& Ar W H,
1 1 i WA
300 400 500 600 700

Wavelength (nm)

X 2.11 KFEA A E—LD0 S OB LR ZART bL

B 2.11128 Qu,=100 ccm iZ31F A MBI R A RS FILERT, X3, Qar=4.0 ccm
LU, HZERHOMBEINL 5.6x1072 Pa (4.2x107* Torr) TH -7z, HFIKRET TV
HININEDRH,THS 3 DDOE— I DBETE S, 2N 5id. Balmer R (H 4. Hy
. H) OFETH . 2120 3d2D. 4d2D. 5d2D 5 2p?P° ~DEBIZL B DT,
eI RS 652, 486, 434 nm TH B, F72. 350~650 nm H7z D F TKES T IHIL
(Hy) @7 o— RREREE—7 [21] 34 DBETE 3, ZOFTH 600 nm (HEICEEDH
22°0F—7 (Hy1. B3 1) 23b 3B, SO ENS, TYVRMAASA VA VD SDE— L
Pz, KREEF T VM NBLUOKESF T IONVPERINTNS I Db, 3510,
415 nm i Ar S VAV (Ar) DFEEBRoNn S, T3, BEEENICHEET S Ar BTIC
ERIEWRFENEE L. BELTTSEZbDEEZ SN 3,

KiT Qu, 2735 A =% & UTRHAEETTO. E—LHDS DA IVBOFEET T,
B 21140 Hy. Hy Hi. &0 Hy I Hy T 0MEOE(EZNZN. K 2.12(a) (b)
KEEDTRT, (a) KD OTNOKERFS VAL Qu, OBINCHEOEF NS
B EDINB, a-SiH MO REREIKEEZMHET 2B, SiRETFEEESIE3ITITH,
DFOkEEEY > THBRFICT 2 5END B, THbE, KBRERFSIHIVTHSB I EN
FE Lo KRERBRAIVIFIEKREETT OAANEODOTHERLL Si SBEATESE
FHETE 2, —H. (b) DKEST-T VAL Qu, T >NT—EEHD L 120 ccm T



MEEED, IKBRFIZVANEREGFITINNVDODHETEZ DL E, IKBREFIT VN
JVE. Qu, = 120 cem O EEDN—FRE LB EEZ 5%,

4000 I i l I l ' I

| () _

—~ 3000 QAar=4.0 ccm _

z assist lon gun .

~— B Vba:150 Vv Ha -

£ 2000 Iha=15 mA .

g i Hpg o
=

1000 -

- H y i

L
80 100 120 140
Hy flow rate (ccm)

! ! | I l I I T

500 (b) Qar=4.0 ccm _

2 assist 1on gun |

. 400 Vba=150 V, I,=15 mA ]

7 - -

< 3001 N

z} B -

2 200 i
[}

E - 4

100 _

o l | l | l | |

80 100 120 140
Hs flow rate (ccm)

2.12 IKEA AR (Qu,) 1S9 55 P AIIDOFIGEEDEAL

2.3.3 AFRIUHAIERER

FERENFERDOFEF vv 7 E, 13 (23) RicL - TEHEINS, LD ->T. K 261
RUTANY FETFTINCBOTIRIVF By 6 Ec £ TICEENSRMBEEMIZ. B, ITK
SCRET S, TOIBROGEME LTRSS V7Y VIR Y FISHIET SHEAL. vy
R 23R EHEEE - HEAOWS XITERT 28NS 5, L-THED £, 3. BO
FEICROBELNH 5 2 &b b,



[): with assist

1.4 Via=150 V _|
Lz=15 mA

B: without assist |

1.2 | L] | | | =
80 100 120 140

Hy flow rate, Qn, (ccm)

Optical gap, Eg (eV)
o
|

B 2.13 S6FZF vv 7 (E,) EKFBARARE (Qu,) DR

2.131C E, DHIEARZ L LD THRT, #llid H, 7 XME (Qu,) =L TEHH. [
G H, AFHNCEBT VAT 26D, RITHLEI 12D TH S, 7R b
ZITHOTI/ERL U7 a-Si:H #BIR TR Qu, ZW IS ONT E, DEFICHML T3 2 &
NN De —H TYVRPEITOREPNOIERI LU oSt HFEERTIE EN S 1.9 eV 2L T
B, IKFHRED 120 ccm ORFIZHRAE 2.02 eV 2 & - 720

RiZ. B %K 2.1412738. 7Y A MELD a-Si:H KT Qu, 9 i12oN T B il
ML T3, BEI (24) TR ULIZE DI NV FTZ0DR (AE = Ec — Ep) O
HITHBIT B0 5. B EOEKIZNY N2 ORMBEEDOWADICHIE L. E, KOER
LB, TnE. K213 D E, DEALEFE L, FLI. TR MEDHOHENT
VA MEUICHNRT E,. BIEHEBITEWMEERLOS, T7HbbE, KEMA VA ViITk
5T VA PMIKoT NV FTZEORMEEDBY UF vy TEIEM LI EE2EKLT
W3, HITADEEREGHLE S EKFRETFT OHNINVORRENRKZNIZEZDFIRIAKXINE
WZ B,

2.3.4 EREBRI-E#E |
—RRICT IV T 7 REUR DO BELA BB IIE LB E & B O E#H R » B
YRR END D REREIIEEORME S EELEIERH S [35], EEEICL - TR
B o OIRERAERER D, EHAROBERRTEE S,
E

o =0y exp(——ﬁ%) (2.6)



oL i
i q‘_____,,,,//Tr”///E
]E 6 [ (2] —_
°© . n [ ,
=
L AR _
© i []: with assist 7
% 9= Vba=150 V
; Iha=15 mA
i B: without assist
ol—1 | I | | | |

80 100 120 - 140
Hy flow rate, Qn, (ccm)

X 2.14 B 1l kEH AR (Qu,) DRAR

Z T, By BHALZRIVFE, 0o B b ALY EH. T #HRETH 5D, —F.
JLEH R v BV T EOESIRATEE 5,

S
o = opexp( T%) (2.7)
ZITs ops S HREBEERESICE>TREBEHTH S, U LI, HRESIRBEED
IR EARAFTED SIREBE N DD B,

K 2.1512. AL THEIE U a-Si:H @O MBI 73 B R ESEEE OREREE 2T
T MEEAE o OFFME. BEAHSHEEOEH + S LU TR L TV X M OO
FMEFERICB W TEEEANS > TA, TN, TYVA MNHAA VH U HRE
AT B T ST K » THOMEARAMEERM I N/ DREEMEEIRD LI Z &
FEWRL. WBHEERL - StHA#BENMEONIEBZ oD, b U (EEBEHEE(LTY
THAHIESIE(2.6) MR HFDOT oy MI—EKOEMIZESITT THS, EI AV
ERA SARIRA D 2 DO THE DR AERNT TS Z &0 5 (BEBIIEE LR
TH B BEREBIC K > THRMMEZ I VT ORITB 2 DORNH B ENDD 5, (2.6)
R > T DOIEEILTFIVF (Eps E) 2KORHPIZR U,

2161TR T L D783y Mg [31] 8 Z 5 & IEHALRUREIZ B O TEM LT R LF
DHETLB (a)~(c) DL DIIEI DOBIENEZ oD, T TRIGEOIDITESAITL B1x
BIIEBZTWBFICLEEDHIEEZL D,

(a) NV FIEE ZOEEEF-ROEKRTREE TS LS 1T, BuTEEEIChiz SN
VHOBTIZLE2DTH 2, ZOEE. IBHILZXILE (Ey) it

EOl = Ec - EF (28)



1077 I i ] | | |

Ep=0.40.eV
1078 /
T Ep=0.36 eV QHy=100 ccm
g 1079 T without assist

G —
< 1071% Quy=100 ccm £j=0.22 eV.

with assist

° 1071 Vpa=150 V
he=15mA| 7
10712 F=0.27 eV
| | I | | | -
2 4 6 8
1000/ T (K1)
& 2.15 E i ERARERE O AR
conduction band <«— (a)
i Y
¢ NN S~ A
S (b)
> B Yy .
& A S~ (c) ‘ band gap
s Ep- <—(d) optical gap,

£~ defect states Eg

—>
F
1
|
[

tail states

B N SV
—> NE)

valence band

2.16 TEIVT » ZNEIKRD/ N NigE



EEINT 2L I LRIV (Bp) 0 SAZEKOE (B) ~ETABEY 5 D ICBEL TR ILE
TH 5

(b) WY FEZETOEE TENT 7 ZFELKTIE, K 2161TR LI D ICF vy THIC
BMDPEEZELEL TS, F0 7)) VTR RiZk B RBENIIF vy THRAEIC, 4
GDOTHITE BRIGEESLIT N FEHTED T ZIE oD, ZOTZITHFET BHEMD
I B TibIEBOITE UICEMOME 7 + / VORI - W EH->TES (ko B 7d
%) Z&T. BRIEENTONS [32)0 ZOEEDEMALTRILF (Ep) 13

E02 = EA - EF + W1 (29)

LB B, Es—Ep BEFAT 2V I LAUL (Br) o 2O Tl (Ba) ~FIES 2 DICib
T THILF—THD. W 3T ZREF TRy BV 2T 3RAOMOTRILFETH B,

(c) 7 2V I UNILEBTORERRy EVTEE 7 2L 3 LAULEBTH RO+ v
B2 LB IEART . £ OEALT X ILF (Eg) 13

E03 = W2 (210)

EFEHBEZ, ZITW, BRBEAF TRy LT T3 2 00NDOBOIRIVFETH S,

X ST, EHHL Y EY 1T 2V I LRVIEBEOREEM OB O Ry EV 2 ((d) T
H B, EEHCRITEREMMA Ry B 793D THEL, BEENICE3HITHTHT
FVFE W, D/INSEEENIY A MEEBEIT SO TH D (2.7) TR U7k 5 iTiz#
BEDIRERFEENRIL B,

log 0 (Q lem™

1000/ T

X 2.17 FAER IS DR IR

P ED X ST, EEOEBERAHEIRIR 21TIRT L D124 DOEHITah b, At
FETYEBL U7z o-Si:H HIROBEREBESZEIIR 215 TR oN /2L D 1T, BB TEHRM &
RIRRID 2 DORESFEEIC DNz, 2D 2DiF (a)~(c) DI BOWWTUNITH I 5, &
B SARR R OFEHALT R IVFIZZENEN 9 Ep=04 eV, E=02e¢VEETH -7, HiH
T2 DI E, 1382 eV TH 7D T, NV FMEBEDOTEHALTRIVF Ey 135 Eps



EE—HUS0, F20 a-SitHIZEWT/NY FOFTETDhRy BV 7 REDOEMHILT R IV
F Loy 505 eV THoTcE0H#ENH B [33] & &L (a)(b)(c) DIHIZERM TR
LDT Ep N Eyy FO/INEL B iITHEWVEEZ ESH I ED S RPIFRICIH O TRIE U7 f2E
BEHEMIZONTE (b) DNV FFETOEETH D ARBEAIZDOOTIE () D7 2V 3
VRVIEB TOREE Ry BV B8 TH B b b, Lichi- T,

Eh == E02 = EA - EF + W] (211)
El - E()3 == W2 (212)

L5,

LR, TOEEICHFSLLF vy VTEELF v Y TOBBEORHICELL, T0K
O BEEOKRK/ID S, F+ ) TEHEERPF vV THEEATMT 2 Z ENTE 3, KRB
Ronzky VBT, ZOEEAN_XLDoF v ) TEHEEIZX Z8/ITH
FOHFTEROID. BEERTEELTF v TEREICL > TEASIN S, BEHED a-Si:H
BRI T AHETIIEAB TOREKRR > T B F v U 7HITEODL WV 2D, Ry BV
TIREEDOZEITI Ry BT OV A M ERLZRMEMBOEIZHHIT S EEZZ 5N5E, DX
D, ZiRIIBIT Bk v BV TREFAEE TOLMEEI/ NI WERDO T WNELKBITIEYEL R EE
HERTHVDIS U [29], NS L TEER TR ON SN Y FMEE TR, ZDEEILTXILF —
PR THNEF vV TEELRUCEAETEZ D, HEERF+ ) THBEICRIE
B2, Fvy VT HEEORZTOEOIIEEEFEIIANX LS [30), AT TIEELLTZ
a-Si:H BIRNEHFERERTH S HRET 5 & BEHTOBRIEEIIERNICIEN S /K%
fricks &Ez2 6%,

1074 [ with assist
Vba=150 V, I,=15 mA m)
M: without assist

80 100 120 140
Hp flow rate, Qg5 (ccm)

2.18 FinllH 1) HEMESIZELE KT RMRE (Qun,) DBIF

B4 2.18124% Hy 7 RUiE (Qu,) TIEBL L7z a-SiH HREORR TOEKBRIEZEE (0) %
RUTZe TR MEUTER U7 BTl Qu,=120 com OEEDNR/IMIE 5.6 x107° O~ lcm™?



HEDB, —HT VA MNE D TYEBL U3 TlE. Qu,=100 com T SIT/NEUVE 2.2x107°
QO lem™ 2 &5, L7z > T Qu,=100 ccm TT VA b UL S/ESL U7 3B D5 b5
B 5T 5 RGNV BRIEHENROWEWZ %, /2. Qu,=80 LT 100 cem
THEBIL 723 Tl 7Y R MO OHD o 12 H/h&E, T3, §iETHR~NC E,
LU B OB S /N R T2 DEWORMGEM ORBD A HE LI RE R T 5, &2
AN Qu,=120 ccm YL E TR U7:EB TR, 7YX MIX - T BRICEIT 5 HRBEX
1CERE (o) 1T 2 HRREHIM LT 5%, E, 5L B OO 5/ F9F DKM
BREALTHWEIEDPERIINTHEDT, ZOEEEORINE/ N Y K32 ORMGHEER
OEMIZEEDTRENI ENDNE, LR -TEZIOSNA I &, TNLDOHEMT
YEBLU 72 a-St:H IR ABENICEBFICHEET A KRICL > TEZH n B p BHZR - THB T
ETH5B, '

2.3.5 BERADOKFZEDEESIKELEE

TEIIRIN R R MViZid a-Si:H #BEAND Si & H OEAICERTAE— 272N 5,
ZDH B, 2000 cm™! [FAED Si-H, FEEDHHE— NIER LY — 27 iCB L THNIE
BAAR~ND,

B ! ] ! 1 ' | ! I
= 1 |
E 90 . /I\ ) 7]
g | bend SIHS@ a-Si:H 1
= 13
£ 80F with assist —
é i stretch Qu, = 100 ccm
& SiH,, rock Vea = 150V

T0H L, =15 mA -
] | 1 ] ) ] ] ]
1000 2000 3000 4000

Wavenumber (cm™)

2.19 MBI RIVRIRIN AR 7 MV

X 2.191Z a-Si:H #EED 518 5 N7 BN 7L ARIVRIRIR R R 7 M VETRT, 243 Qu,=100
ccm TIEBL U7 O R TH 5, 2090 cm™! I =27 03H0 STic H 22 @S L
7o Hy f5EWBRTH B EnDIND, £722000 cm™ P IZENA SN S Z EDS SiHEES
DIFED R T X B, (2.2) TR UL H 1T, a-SuH BEANICHIT S Si EREELICHD
BE (Ny) 3. SHBEORINBEHO E— 7 OFSMENISRD B ZENTE S, 2D 2000
cm™ ! fFHED E— 7 ORGEREN SRS Ng 2K 2.20010077, 7V X MELOFEE T
Qu, PHETITONTOKRBEDHEML T 5, JHIFFNICE~N: E, BLU B EOHMmc
THEL T3, §RbDBE. Qu, 2T I EICLOBEMICEDAENS ST EFELACH N
WU, TOMFBEDBERHINSEZ EICE>TNY FTZDOEIED U E, 8XU B



14F T I i r I | —
i n
oo O |
C‘|'3 -
g 10 | —
U oo
X gl _
\; - [1: with assist
= 4 Vpa=150V
i Iha=15 mA
2 B M: without assist
o1 | I | | | |
&0 100 120 140

Hy flow rate, Qgy (ccm)

2.20 Si LA LT KEDBE EkEA ZFHR (Qu,) ORI

DM DIEN T EZBZ O6ND, —F 7YX ME O OFEEHT 80 KU 100 com Ti Ny
MU TOEDITF LTS 120 cem L ETIE T VX FOFEIZE BEAIZTIZ LA ETU,
L7ci->T. St &G LIOKBRDREDAH TIIEDOKHENRE ST Ebh 5,

il I [ | I [ |
[]: with assist
=~ 1 Vba=150 V, L,,=15 mA
% - B without assist
=l F 0.8 -
“lg f
@, 0.6 ]
) 0;
g L B —0— — 00— —n
0.2 ]
Y I T T N | |
30 100 120 140

Hy flow rate, @y, (ccm)
B 2.21 SiH # & BREDEE

SOICIORNE =7 ZITT 57212, B 2.191ZR Lz kD120 2000 ecm™ & 2090
cn~M IZENENHNS . SIHEAB LU SIH, BED2 20—/ 248 L TZ0EE&%
RKedlzo B 2.211C. SiH #EEIT K B2WIGRED SiH. SiH, W& OAHIN T % B4 %2R
To TYVRMELDFEE TIIKERBEETICTONT SIHHEEDOEEGMIY 120 com T
INTIE 5T B, ZHIZ SIET-EEE ULIOKEOREOHMAS. SiH, #4 OBIMIXE



LTWBIEERLTNE, —AT YR MEHOEETIIKEANRBRREIZL ST, SiHE
EDEIEIZ/NZ N, THDBEH, 14 U X ET VX MO SIH, BEOBINIZ DN
%o, Elo. B, BXU B O SiH, HEOWMEMIE LTINS I ENDh - 72,
720 120 B X140 com TR U2 B W TR, BROKEBEZT VX bOF
HTIZTEAEEAADNEND. SHESOHSGET VA MO THESIZHY Ui, 205
D ED S, a-Si:H FEEAD SiH, #E0HEOHMI L - TN FNORKGHERLIZI D U
7o, BRETIIKEN R F—E LU TEE 7 2 )V I EBALDYEERANZ S 7 s Uicizd, ZEiEIZ
Bl BEBED BN U7z SR T 5,

2.4 ENAT7ZXOEIMIC K BEEZEDEAL

ATz X DSy BBPFORMICT & R A T VA U SIEMHAL LTk R & 444
FTAHIEITKDIN - BRAFHEORV a-Si:H BENME SN, T, KEAMA E—LHIZ
SENBIKRKRIETZ VHIVNZ T E N FHNORBESM DD ILNEBENE SN, &2
AW IKBREFZIVANVDED Qu,=120 com TEEL L7z a-Si:H HEOERESIZEREIT
TYAMIKLOHEMU. BRIICTEMISRFGEMOEMZETR Ui, RETIEI O Q=120
cem DFM T BN A T RAEFEAHNT 5 2 E5H A7,

2.4.1 AFVER

T
Qar=4.0 ccm

< |

2 150_— assist ion gun ]
@H9=120 ccm |

iy ! Vha=150 V

i 100r ha=15 mA

= |

o I

5 50F .

© -

= ]

2 i

0 ] i . 1 : 1

1 l ] ] 1
-40 =20 0 20 40
Substrate bias voltage (V)

2.22 A NA T XEIINEF O FEEMUIT 1T B 1 A L EIROZEAL
M NA T REEM U & E OFEMREROD A A VEBIRAIE Uz, K 2. 221 R AR,

1 cm? OHEREF ODERAEHDO 0 — 7 2 ROMBICEEBE U CHE L. ZOKRL
DEDNATRIZE>TAF VERITEEMU. EONA T RIZE - TA A VBRIZED T



B EMNbNE, THRbHB. EOER NS T REMNT 5 Z &Ik - TEREEICHZEY
BIKFEAF %GB ENTE B,

2.4.2 NIV RELR

| T I | | I I
2.4 —
T 2.2 -
S o o o o - o _|
o, - R
<
e 1.8 —
3 i @B5=120 ccm 4
2 1.6 with assist -
o _ Vpa=150 V -
1.4 pa=15 mA _
TN TN RENU S SN BPRN BT
-60 -40 -20 0 20 40 60
Substrate bias voltage (V)
K 2.23 EFX vy 7 (E,) EFEM A T ZADRER
| i | I | ]
| 5
3 10 .
| -
g ] O’_‘o\o._/O/O/O —
Y]
> i
X 6 = —
:)/ A —_ , QBQ:IQQ ccm ]
% i with assist
= ol Vba=150 V _
= =15 mA
bl o L 1 111 ]

-60 —-40 -20 0 20 40 60
Substrate bias voltage (V)

R 2.24 B &4 N1 7 2 DOBIR
B 2.23% LUK 22010 2NN HFEX vy 7 (E,) BLU B HEEH A T R DB

BERT. K 2230 E, B3I T XAOHMIO Db 53 EOFHBTH 2 eV EEORL
%&b, —hHK 2240 B fEld. M1 7T ADIE - B &EHITEE EFITEOBEMA



Ho5N5, TNEFEEDOER AT ZAOHINMIZE > T/NY FTZDRMBHEMDFD LIZZ
EL FHDLL. SIETORAGABIUEASEHOVDTANRDY Uit Z EEARLTNS,

2.4.3 ERESGEELEANDOKEDIESINRE

X 2.25ICFIRICH T H EMEBESIGEE EFAR NS T X EOBRE RS, EDZEW AT
R %420~+40 VEIINS 5 Z Sk » TIREEA 1 ML ERD L. +40 V O & X {mEEIT
HE'i‘/J\'fLE%& ")T(l\éo

F ] | T I I I 3

1075 Qu,=120 ccm  with assist =

= Via=150 V 3

‘l_/'—\ 10—65 Iba:15 mA _a

g s =

Ho B I
lo; 10_7=F
5 108E

-9
10 TN T AT SRS SRR RN

-60 —40 -20 0 20 40 60
Substrate bias voltage (V)

Xl 2.25 ZEIRIZH T A ERBEIEERE EHR/ N1 7 R EDRM%

14m | | | | l I
CP =
E 10F o] o) 5 —
ERE N 7]
X 6+ -]
B @H,=120 ccm
Zm 4= with assist 1
5 B Vpa=150 V |
| ha=15 mA
obll— 1 vy
—60 ~40 -20 0 20 40 60

Substrate bias voltage (V)
X 2.26 SiH & & BEOREM N1 7 2R

RIT. K 2.26. 22TICZENE N FEWNA T ABEIZNT S Ny BLUSIHBEOEI4E
G o Ng ZIEDERNA TR > THMU., 440 V THRKEHL > T3, —F SiH
FEORNGIZFHM A 7 ZAOHIINC L - TFEAEZMANENZ ENDHh B,



I— l T | I |
] QHy=120 ccm i
s 0.8~ with assist ]
g B Vba=150 V 7
=) % 0.6 =15 mA —
U | —
— E - .
L 0.4 —
) i ° O o ° il
= 0.2k © o _
ol l v 11 L1y 1, ]

-60 —-40 20 0 20 40 60
Substrate bias voltage (V)

2.27 SiH B EREDOHIE

B REEDE T, NS 7T RAIMORRIZDONWTEET 5, FEM N1 7 2%H
MEFTIMER U Tl ¥ F vy 7 E, OMEIVKEN REEZAL U7 O P Tk
KD 2.02eVEED, BIEDN6.4x10° ERXL B olzs THUE. /N FNORKGEE DB
DHERLTOS, ZOBERELTIE. TVAMMERALIZH, /14 v E—LHIZEENS
IKBIETZ VAV RO, ENIIKENZ D AENSIFETFERGT LI &I
DEEBMPR I sl EEZOoNBE, EZAN., ZOFXETEEIL-EHBORERIZE
FAERMEEERIT VA MELOER LD b 2HTRE L. 6.2x1077 Q7 lem™ &2 N
¥ FHDOBLKINTIEE S EN O A RS Uice ZHiE. ¥ F vy TOMERE R, S
Mol FRBEAM O EFIET S, IR BINZARY MVOBEIEIZE » T TOFHETIE
BUa-StHEETIZSIICH 22 D84 L7z SiH, OFEI 4 ERKE NI E0bh-
720 2O SiH, FEEOEMMERK T, MEEOIE 2 D REGEENL D Uiz, @RS H
INRF—EUTHEET )V I U720, BRICEB 2ERESIEEE L
IeEFBZ oNb, —H. BEUNA T R %2440 V EIII U TEEL U 23R BTk, BRICEBT S
EHMEBESIEEES 1.6x1078 Q7 lem™ FTTFFB I ENTE I, JUI. EDOEMNA T
A%ZHM3 35 ET. FERA~NDEAF VDOAFEREIZ A ENTE, FHKEBERTZ Y
1V H* B ORRAEKRT 5 ZET. Si-H, fBBE0OH G2 BN OKREES
MBI ENTEDTH S,

TYAMHDO Hy 47 27 2 OFME LCEER A 7 2A2ZL L. BAEREICANS T
BIKFEA X 2 Hi L KEEFZ DAV KESFZ VAV, OBEFIRT S I &2k -
T BRI D AZNAKEDEL LU ST EDORESIREAZLIE B I EMNTE, a-Si:H
RO - BRIEFHAEMNI BB I ENTEI, INOOEMEHETA I EIZE-T, &
D - BLKUFHED ROEEOIERINEFFTX 5,



2.5 #% =

Si 7=y bRy FZ Y THD Ar 44 277 2 RN, BAERINOEMKE
OEHEHELVUTH, 1A A VEMAIT2TNVAT VE—LR/ Ny &) VTHEEEZBR
Fat c BE LU a-SiH BERE/ERL Uz, Hy A4 27V OFEBEMN UTEAI . BRESE
ENOEHALKROBEHNZE Si & —7 9 FORNy F ) VB EGET S L0k - Ty
a-Si:H FIROHEE & - BRFHEOHIAZRAAI. Hy 44 E— LOKFMESE T 5 X< Fk
SHTFIT L » THAN FEEFERHI OO TR FIMRBIPEE. SeFBURAE. BRER
{REEAREZRTT D Z EICk - T BREREICH T 3TEHIKEOB . LU, BEHNO
IKFHEE S BIERM L - EREFFE L OBBEIZONWTHRE Uiz, BONIRERELTIZH
EAC AT

1. E—LDFEGHTITE 5Ty Hy 14 2 E—LDPITIKEETS UV AVE LUIKEST
SONNEENTNBE I ERDM T2 E—LHOKEFETFS OAHIL (H?) 13, K
RiigE (Qu,) EEBITHEIMT 5, Fio. IKFESTFT P AIVIIKFERE Qu,=120 ccm
T/ IMliA & - 72,

2. TR MR H A VAU OIEHALUIKRFEEZERERMICBH T I &1L
T A SiHy AWM U7z, ZHICE > TNy T ZEDRMEEDIRL L. St
¥F¥ vy T (E,) BXU B EOHMIL LN - BRAFEIHEI N/, Tz, KFEEF
S OHNWDHRBNRENZIEZDFRENKZNI EDHD -7,

3. BEMBEKREEE OIREKRMATEIEEAE T, SREEBICBIT A2/ N N2 TDIE
. ORBREFEBICBITS T 2V VRIVIESE TORER: R v © 0 7{3- 24807,

4. TYVRA MR H, A4 VH U SEHALUIOKREZBEKEREICRHE T2 2 L2k 0.
FRITHBIT 5 ERESBEEIED U, BRIICERERGEMLOBD AR Uiz, &
AN, IKBHREDZ L Q=120+ 140 ccm TR U BIZ DWW TR EEIZEIT 5
ERBREEIEM U, Zhid. BRAISBRIIAKENELET 57D ETFHR LU

5. IKFEFRE Qun,=120 ccm D Hy £ 4V E— L2 & 37 ¥V A MIMAZ TERA~DIED/N
AT REILENMZ LD Hy A4 278 5NTZ ODIEA 7 > OBpERE A~ D A
FRALIEBEIEICL ST, BEAOD SiH, HE&oMinEiH L. BRAFtEr%ET S
ZENWTE T,



/rh-3:_ﬁ:

=

a-SiC:H FBIRNDIKERDFEH LI - EX
Y5

3.1 #%

a-SiC:H @I p-i-n BEEE o-SiH HERGE IO T p BIBEIEDN S [12], ©
N, a-SiC:H FEONFF vv 7 (E,) KRS < BOF—=FIZLo>THHEF vy TH
BLBORNIEDSEBE L THMIEBS T &ICL b, £/, 2 SiICHEBRIZB F—7

T > TOBEEN 2~ M 2 & (ﬁ’l’:ﬂ"@?ﬁ%) NG 1 BTRE LIRS+ 70O
NENRAERE LS TEDIRELIH S, IHIZTO a-SiC:H #iE p BBOERRAE LT 5
k& UTS a-Si:H B SR BICHE UBIRTHBIEICd 5 41k [36] [37] & C 0FI&%2%K
T2 &L TN RF vy TORWEEZ B 38 WHEBINTEH. EHLo0K
B 10 % ZMA AEBNRAZHF TS, 51T a-SiH REBEBEMOZELRAE LI 51243
a-SiC:H #EED - BRI DA EBLE E1L 5,

Z D a-SiC:H #ES . a-StH HIR EFRICREIOKENIRS LR EELEZ 5 2 &0 THR
TE B, KFRIZEH U7 EIREERE & g L UOE - ERUEFEDRRICT OV TH
NIRRT EAETS D, T2, 20 a-SiC:HEEIBEANICS XU C B W EFEET S72
H. INHZNETNTHEEGT AKREDORERD B T L IIMEREEAN A S $ BERE U,

Z ZTAPIE TR, SRR/ Ny 7 1) V7 HEIC K - TYEBRL U 7z a-SiC:H #EIic20
T, EARETIEME (SEM) B IUOBEREFIREE: (TEM) &8O o MEHILREIE. R
AR S & O RCBRAL T (ERDA) 2 W EN OKRBEOBE ST - 72, Fizo. BAL
B X BBPIKFEORHBEBREEZRNSL Z EIlL > Tl BNOKEREFEEIRELFET S
IEAHME Uls, 6100 FERIUGEE L UOEHBBESEEEOREAITH 2 itk - T
3t - ERAME S ORFR BT,

il



3.2 EEEAE

3.2.1 2 xRIBMESRARE_HBIA/NNyY UV TEE

AWFFEICEB T B a-SiC:H S LU a-Si:H/a-SiC:H @ 7. BRFEHHEIEL2
TCRIREphRE S I AR R/ Ny Z )  FEREARAOCTER U, UT. JOREOHEZIER
F BHEERNOEEE XU 2 TREHESERERIC DN TN S,

a) EEHSR a-SiC:H #EIZ, EEIC Ar. Kb, T RZEA L. £ o DIREH AZAK
TR/ Y T EFTFTOIER U7,

vacuum chamber
]

leak vgve i - ion pump
XA <
SINE— F
—> = I Ti-gettering
H2 : ] pump

]
]%] leak valve
main valve 7 v

rotary pump
turbo 7
molecular

pump valve

X 3.1 BZEHER OIS

Ar. o W ZBZENTN) T I =7\ VT A B U TEZERNIZEAL. X3y FY
YIROZENTNDOSEIZ. EEFIROHRES . EAEROFEREBAER LI ET—E
CHERF U7 S 0IT. RN F ) DRI ZADNEET B E. TIXIPTR/Nv Y
BT &S UTIERL U BRICIB AT 2B N0 D 5726, BIEZEEICIE dry MBS EZENZ
FHEBUBETHD, £oTs IN6 2 HEZBELUTHEST U ELEHEG RO A K 31127
o REGE TIRFRLRRICAA VR TERMEH U, ZOHBBEERRICF I T v IR
ZHALTOS, 14 R TORETERAT 1.3 Pa TH LD, EBICRFGOB SIS
1.3x1072 Pa LIT CREIZIBZ Z ENFEFE L, Lich-> THEIE AR & U TR
RUTEBIVY —RGFROTEEN Ulce £y 7 ) VIRIIZ, Ar. Hy W 2 EHER
FTEIBENSEZN, A4 VRVTEBLIUOFZ 7y 7RI INSITH U THRIEN %
FroiinedfElE Uy Ar T RIZ B E L DA TEDO/NXITE Hy T RIS LT HEE LIcHER
BEEZFR DY — R TR RSN R VTR AT 1o L > Ty —FRoTR
YT DOHEIZH T - T, BIFEEEFEIIMA TR/ Ny FEEO Ar, Hy F ROEAIZLD F ¥
N—NOBEZEBEMMET LB FRFICELLNEND 2 SIBEELTUTDO LS
AT - 7%,

BREPKRICK > THAEBEREIT > B OEFIRBICH - 72O RS ((FHES) +



P,eT5E

Peq:%+%+}jg (31)

DD D, ZIZTN @ V—78. S: BERROZERITHT 2 HERGRE., Q,: H AMHE.
Po: RUTHEROBFEEZE, S,: MHEARITHTIHKEETH S, 2T (3.1) Rk
WT S =S, Q< Q, £D. FHESH: P, 13,

Pu=24p, (3.2)
&1L B, ZORIZY —RaFRT (ULVAC UT-5 BY) OFF 4 E LT Py = 1.0x 104
Pa. S =5.0x10"? m®/s T HICALEBEOHN AMHEES Q, = 1.3 x 107¢ Pa m®/s & LTIE
AT B EFFEHEZEEE LT P, = 1.3 x 107* Pa (1.0x107° Torr) V8 5. S HUIA A4~
R TORBBRAEEIZ LN LN ZEEETH S, £z, Ar. Hy HREBA LTSy
ZN T EAT>TOBRDF ¥ /N—NOBEZEE: P, SO 7 — KRR PAIOE
ZERE: P, ORICIIROBAFED B D 3D, N

P — P
2

ZIT S BHSEE, C I VIS Y VR THBe koTF v 2 —HH Hy HRT 1.3
Pa (1x1072 Torr) DEZEEDE., (3.3) RTKESFITHT 2 S, O Ol 3.0x107% m?/s.
1.5x10~2 m3/s AZNEIULA LT P=4.4x10" Pa (3.3x10~® Torr) 2854015, Z 0
ffi2 5 — A3 TR FORBITRA 1.3 Pa XD b BEETH B, WA, ZOF—FEHT
R Tk Ry FERT b RE LSRRI AR T &b - oo

S( )=C(P — P) (3.3)

b) EEEANOEE —RICEBICHNT2EBEEOREHICL > THBER/ Sy ¥ ) v 7%
BEEEBE BNy 7Y VTEEICKNTE S, BIREELXHOEAIIREND ¥ —
Ty PR T AICOHRBEMF TEXIHLNWEODIREND B, —H. BEEERA
Baid. BmEICEBBRIMD 57 DMEEHOY —4 v P THHEYTITHNEE R
L5 ENTES, RUFLTHOIZ SIC 7 —4 y MIHIBEIOIEF ICKZ OO TEE B
AN Z ) U TEBEERCBLEND D,

X 321 E OWNEEEAR TR T R/ Ny ¥ V7 24TH) BZEEIIMNGEE TEEIZ 2.4x1072
m® THO. TIME LUNIPEEOMEIZIZA BB DOP IR0 18-8 7> U A\ A A
Ulzo AEEICZ 2 HOEEBHBEEH LIz, TNTFNT L —F< /R o BT, ¥—
2y MBI OEMICEE UBEIC L D 5 IO BT ICEMIER 4 52 4 R5FO
BEEIRABOBRIEACEREDOMRAEK > T5, WEY —IV FIRIE T — X EBALITIE B
BARD Y —5y MU DERGINZR /Ny ZFINDE I EENT, Fi2. ¥ —4 v MAEHIK
WP I XIS INERICHBICHDIKE TESL LD ITHE T B, A[E)Y vy ¥ —13K
BHBRHFICHEALZEL. =4y NERORHE 2%y ¥ LTI DR £ TOR. %
WE TSI —IVRTBLDIRITTHY, ¥ vy ¥ —OHBITEZM D0
BMAWMTICEL>TIT)e BBV v ¥ —l3—H DI —4 9 b AFERALTHAEEXITESH—



rf power supply

. L
matching box / insulator
shield J I» ;l// target
shutter — = Ar
z — <
substrate
L
< [ | Hy
to pump
(1)
turn table L

3.2 2 uRFFRIEREE AR Sy 7Y V7 RE DONEREE

FHDOY—7y PRIDVERINSDEHSTDIRITTH S, BRRNVT —37 —XEAL
WZHD. THIRTEICERITICERMBA E — 712X » Tk 650 K £ TEREFRTE
Ho Tlow TOEPRING —IIEZEM FERICERI /- BEEAR FIC L - THERETH D,
BRSO TICEREFEEBRE T O OBEITE, — I 2~3 OB EAFRIT 5 Z &
RIEETH Bo

c) 2 TRIFNMESEKEER BRTZEIEAEETS-HICE. 2 OGS EEMR %[RRI
FBIRIE B KIS, FEBTOT v F U ISR AB I EZ LIS 2 68 NH 5,
Ko TARMETIIHBFEEIE E U T/ 3—I)VLES RP-500CD & fuvic, REFEIZH—FRE
BFEaROTR—DOHNEEEAF >EHERE LTHEHTE3E/BEETH D, O0&EDOD
BZEF » NN THEEE T ORBERIRDR[FETH 5, RIEEBEUT 13.56 MHz T, 2 ¥
THATH S, FWmF~DODHEIIRZRKAS00W THO., HFEBRM~DERAESTD ON-OFF 73
SNCHTTRABE vy F U IRy 7V ZEN U TEEEBRIZER Lic. %7 —7 v FOFRIR
IR U TR, R R/NCHIE 2 X D 13RI LTz,

3.2.2 a-SiC:H #EstEHMESE

Z =4y MBS Y I H =31 8 (99.9 %) A FERITE (111) Si7 2/,
D=2 TH#TM059 T 5 A. AT574 FAHSRAD I BEABEEHNICGDOETEVD Tz, =
NODEME. K. TEIF K BITATZ =20 ke Ky TEFCOIEHFETS 423
DBEMRIRIP AT o 1otk BRIV Y =Tty P L. BEERNAPRT 5, MRNOBEZE
DN 6.5x107° Pa LITFICH - 7% HiEE 99.999 BOEHEED Ar HRA/NY T 7 IV1) — 7N
NWTZBUTEAUED S, 1A VRUVTBIUEF I SR FIZ Ar HRITH LT
IFEAEBERRENIERFIZIROD T Ar T REDN 6.7x107° Pa 124 - 7B, @ HFORY F%



21k U, BEHERNAE Y - KRR TP THRT AIREBIZT 5, €D, S SITNUT TV
V=2V T 2B U T Ar F REZBAUENOETN% 5 Pa BBEIZT %, HHT 2 ELEMK
FICAEI Y vy %y P LB EEMEREEZRIRT 5, BUBERE. Ar A REDNTE
DHF (033 Pa) 1T B LI Ar HAHDNNY) TTINVY =7 VT EHET 5, ZDOH R
AR Ulcths Hy WRE/NY T TNV — 70T %8 U THENIZEA UTREN
AFEAFBEMD 0~1.63 Palld b, CITIYF VIR ZJRAONNYTTINALYT oY%
FHUA VE—F UV ROBEEE ST Vv Z—%F—7 v FE FIZEOTHARIZIE.
BB =7 v bEY vy 7 —DETREI 5, ZOREBTHERIKELD 20 5BRFFL 7 —
7y FPERENIAE UTO AR AT D 7z (pre-sputtering)e € D ¥ vy 7 — % B
ERERERICIS L. ITEOREEESRE IS/ % Y vy 7 —2HD, WEN
WISREET Hy HARD/NY 7TI) — 707 H U, Ary Hy HAENENZENREH
DOTNTOENEEZHEE LB, SRIMEEZTSZ LIk THELXILD R/ Ny 5 Y
VITERT I, RNy S VIROERIEENIZ YT — A — 7 2 HOTASE RS
BWDEDNGKRD Iz, RNy F VU TR TH#IZ, Ars Hy HAHDO/NY 7TV — 7\ )V T %
FNEFNHL. F—FROFRUOTTHRQULEEEREZRH LI,

FEERIENE . SEHEBIDBRIZR 541 RA S RFER EIZS1 7 2 /A ERTHE L. EEE
BB SRERETSI T 2T E > TR INTW S EBR LT cHa S0
T & o BEZ etz &5 (Talor Hobson 18 Taly-surf VEY) % H O CAE LEEI O EE
EUlzo I 51T, ST EEmeE (OLYMPUS #18 M T #)) 12Xk 2HE S HHETITWOIE
I RIE 1372,

7= 3.11T a-SiC:H #HEEE OEBIG U4 R T, BRIEROERIEES. Ar TR EA—E
L. oW R EB L UOERIRESEZ 72, K 3.312 Hy/F RE 0.33 Pa. ZEIBEZED
FMETIEERLL 72 a-SiC:H SR OBEREZAEREIST LT T oy Lz, ZORNS Z/%y
) 7 RE EBEENSEHIBEMRIZH S ENDM D, ZOEROMEE D OHEEAREEIT
#70.488 nm/s FEHTE I, MOERSZHFOEBRIZONTHH 3.3 & FHICIEEIT RIRE
BB L. LIcdd > TENENDORERE R KD B Z ENTE I, FABBEEICITH
BWND - 72T, BEEOFITNI AR EIZ L - TIT - 72,

# 3.1 a-SiC:H EIRE DB A

Target material SiC (99.9%)
Substrate Si wafer, glass (#7059)
Ultimate pressure 6.5x107° Pa (5.0x10~" Torr)
Ar gas partial pressure (Pay) 0.33 Pa (2.5x 10~ Torr)
H, gas partial pressure (Py,) 0, 0.065-1.3 Pa
(0, 5.0x107*-1.0x10~2 Torr)
Target rf power 210 W
Substrate temperature (75) | room temperature, 423 K, 523 K




2000 T T y T T T
a-SiC:H
z 1500- Par=0.33 Pa .
E [ Ppy, =0.33 Pa
2 100 TLs=1RT -
e I
I i
Q o
= L
= s00F |
i deposition rate 0.488 nm/s -
L ) 1 . L . !
0 1000 2000 3000

Deposition time (s)

3.3 a-SiC:H MM DREE & BB & OBIE [Py,=0.33 Pa. T,=RT)]

3.2.3 F—U 1B FHASIE (AES)

A — ¥ 2 BT I (Auger Electron Spectroscopy; AES) &, BaBE2EA THEUEHI
EFRE2ASN LT, HBERDOSBEZEPICA -V 2 BRICL > TR SN 2IRET (F—
V2B F) DIRIVF G0 S ERRIOMEST 21T O HETH 5, AES 25 &3
FRAMETBOADIEHRERLIENTE. M ALy F U T EHAEDLEL I EIZLS
THE OB MO EH S Z E0TE %, JEICIT ULVAC-PHI &, AQM-808 %
R U7z, MESHZZE 3.215775

% 3.2 4 — U 2 BT (AES) ORIESM:

Accelerating voltage of primary electron 3 kV
Measured energy range 0-1000 eV
Residual gas pressure 1.0x1078 Pa
Ar gas pressure 1.0x107° Pa
Accelerating voltage of Ar ion beam 4 kV

3.24 WHREBOBESE

a) EERVETFHEME (SEM) SR EERETIMEE (Scanning Electron Microscope;
SEM) #2213, HEEFHBORMEIRDIEMRER S 1.DITIT 72 AR TIZI. BARETEL
JSM-25S5 Tl =7z, EEEFERZZER T ENERT 2 2 ik > THIHOBIE 47 - 72,

b) JEBFEME (TEM) 8E FHEETIAMEE (Transmission Electron Microscopy;

TEM) BZISEFHRIETIC L D EEEE OB FRMEDER. %72 Z OMtiE D@,
T S IR X B HEEDEALEDIERETF 5 712 DITIT - 7,



FEARIEX 300 pm D Si 7 2N\ TH O ZOEIZWVIEB72HDITE T A0z TRAL
(#1000, #2000) ZHOTHEEBOEEINTOROENS A T AR ETHE Lz, &
FOEIHNHI 100 pm &5 -7z ~NEBHITE > TH 3.4(a) DK (1.5 mmx 1.5 mmx100
pm) 135, ZOREEPETE ML MOV F LU T oL FUKOIEICEE LR
L. BHLT T RTF v 7 OWIT/ST T 4 VTEET 3, 20#% (b) ICRT L1357 4
VICHEMIEREIOREH T, Ao REBH 8. £ 3T IHAREFOWER Y
RS ZEICED SiT 2nEBED U, (¢) IZRT LI ICREIKDA DK B E 5% 1E - 7o
ZOEBETSIZF v 7N OEFTL. VoAl T 2 —VONRIZE 2 8]
TOOEBLEE Lick, 18I v V2 ITAN., 5122y /) —b, VooAf 2 57/ —I)LD
NEWZ 2 B DA » 2o T E&BEE Uy TEM Bl & L

1.5 mm 1.5 mm I/ plastic plate

a-SiC:H = <
100 2 H\I\V\QX 3
waXx

Si substraté

(a) (b) (c)
3.4 TEM B HaEHER

& 3.3 R DAL
HF [ HNO; [ CH;COOH

1 3 1

3.2.5 RBIF%E (ERDA)

HIRAN OB RE ORI FMAGHIERE A A ¥ E— L% 7 kb7 (Elastic Recoil
Detection Analysis; ERDA) iZk > THHTE % [39] [40)e & ZTid. ERDA OJFHEL #l
EHHAT DTS,

a) ERDA DORE RIS, ASA A2 EEMYWE &EOMBEAERICE D AT 2RI
2%y R X BRIGICE % aft. v 8. PETRI SICHBRABER . KBRRLF
EMNBHITFoNE, MeV FHIBDOEEA A v E—LEWEICAST B EAF 1A TR
F—DWE o). TRENE UWEFO L DBEOCLEBICEET %, JIURWEED A 4
DBFEDLEHTEZANNy Z ) VIBRIZIFEAERSNIELSIED, Db osTARAA &4
BHOFETFEDOEMUERELIEZ 5, ERDA 13, BEAS 1 4 v & OBHEZIIC L O KB
NIEFORITREZBL U T RIVF e 5 2 SIC kD BItROBEPHFAERS (B
FEarAn) ICRT 21EHmERAEERTH 5,



ERDA O#EEAK 3.51R Uiz DR 1. 21 3ENTNAFRTFERBRIFAERL
T b, BMHZBRMNTIIBRITHR B O BRI B i & » THEELEI N/ ASTRIF 4%
HENB, Lich->T. ZOASKT-ZMIET 27 DMHEEOFHEICT 4 VT A EET 5o
AFHTF-B LRI T ORFE S BEZZTNTN Ziv My Zyw My E L. ASHRLF
DIRIVF%E B s WWEOMHIEREIZ L » THRE U7 EMN EEET 2HIO T RIVEF %A B,
E9 5, EHEFIIHBERISDOEX ¢ OMEBICHD. HERIIHIE L. FHREEOK
BN 7O TR IIVF% Ey. BBERNSHKITHICEZDIRIVER B, I5ITT 4NV %
EB LU THRESRICANT AR O RxIIVFEE Ey, 55, 22Ty K 350fED L
D IEEZRIL 1 0|0 A TEZEHELUIMES U ASTR T E BRI FOWE +F TO T RIVFHEK
3. ENENOFHBATOITRERICHAITEEDET 5,

7 M sample Zy My

_____ R

%recoil angle 0

} 3.5 KBk (ERDA) DA

BRI SES ¢ OME TR TOERERD THE. ASH TORENICHT 2 WE
BLIERE (BALE X 572D ORETILE) % S, &5 &, HEFICASRFORE>L 7L
¥ E BHUTFOD (34) XTEINZ,

z.5;

Ef:&ﬁ_ﬁna (3.4)
Fio. BUBELORELD B, EEEEHEOKBNF 0D RIVF E, 13
. 4M M,
E2 = I&rEl = mcos29 E1 (35)

EMBe LTy (34) (3.5) Ak DEBETD S HTE KM TObOLRIILE E,.,
12« ERDA 12513 B WEHLEEE S,., 2B TR TEE 3,

:ESOM
sin 8
= K. E;, —[S|z (3.7)

Eout - EZ_




(
(1
i

I{TSi'n Sout
sin o + sin 3
THbH, SHIITAINVE —%lBT HBITIRRT 5 x)VF % AL E95&, ®iign 3
KR T-O TR IVF By 130 LTFTOR TR 51 5,

[5] =

(3.8)

Ey. = K, E;, — [Slz — AE - (3.9)

T, BE 1 & o+ Ar ORICHOT. BEEHZIC L D RSN THRIBIICA B H 0%
Y i3, RE SN ETFOEKF TORFILIE N(z) 14 L

do
dQAQAw (3.10)

THZ o3, TIT. Q: AFAA OB & Ko WmE. AL BRHEZBOIE
ﬁa Az &F v 2 2IVO T RIVFIRI Jdﬂf?‘%(”“éﬁf‘]@f“?b\bf%% 58 Can L
49 3 E—LELTEAS AV E—LA2RWIEE. S 7 13— FEELLARDPEHEIN

Y =QN(2)

d_O' _ Z1Z262(1\/[1 + M2)2 1
dn 2M, E, cos3 0

(3.11)

TEONS, &o>T (3.4)~(3.9) ROBMFEL D, HIFESNIKBRFOLILFEZRS K
JVBES 24 — VIR T E . Bl SN BT ORER (3.10). (3.11) RAEAOTHS 2
ENTE B,

b) BIEFHE AWEETIE ERDA OMEIZHID. &7 7 LBA & Vs (GIC #. ¥
YT hbo 41T B AR Uco BT MEESRFIT DN TIERS, ASPRLTIZI3 6 MeV I
MR U7 F* FTo—T742 00 AHA. KEEEIEENZ020°. 40° & Ui, &gz
BN O, T AN F—ELUTEZ 6.2 um DRV ZAF L T 4 )VLER T, 13
By RUERICE T B/KERBEOBRBREEIL 4x102° cm™ TH -7z, FalrhzidSiv«
ANFEAR EISAER U 72D 200 nm O EEEEE AU,

Tk MR & B RS M OREDMIEITIZ A4 0 WE P2 B8 d 50T
FIVFHREDW 5 X (energy straggling) . ZHEWELOXEL EITL > TEHAINS TR
IVF IR MVIZE TIET ] DT 5, D7), ERDA ICEIT BRI F o HEEICITH
BRND B BAFRITHBIT BFREICDNTIE 342 THTHEN S,

3.2.6 FEALOEHMNIBSE

AL TIE a-SiC:H HREAEHIE # QIR TRILE &)t g Z L i K RN DIKFEDR
HOEEE. & SITHERN. faLiIZ DWW TOME ZA 7z, LUT . BB HIZ OO Tl
N5,

BSLIRITIE ST 7 2 IR EISAEBRL U 7 ll 07, i, BVLEIRF ORRIL-PERE A7 R
EDRIEEBC Tz, Tho OB EGMEAKEPIZ4x107 Pa I TORZEETHAL



720 BT, COHAEEDH O UHMEDREICHR LICESRY (V) 2=y M) I
AT B EICE > TIT o 7o BAERBRMIT. MIBVEIE: 373~1373 K. IN&WER: 1 h—
LUl o, BIER TRIT. AREZFOOMOHE LEOEEZ W L

& 52, ERDA REWNEHBEINEIC L 5 £ DBEEEIT -7, MEAkE LTS, ERDA
BIEFHEZRNTHEE L 5 MTEORBEICRFF U RE L. SH0BEAERETT
FTH S ERDA HIEZIT o720 £ DB, & bhbﬂﬁ& LRE—o#lE% 50 K MR TERMN S
1123 K & T#ke L TIT - 72,

3.3 a-SiC:H EiEDE B

AL TIE. a-SiC:H BRAER G A, 7 —4y MTSiC ZH 0 Ar. Hy IBEH AP T
ANy FFTBIEICE > TENITKEEZBA LI, ZORKEZEBA LI SICLD#EE
ORI N ED L D ITHEEZIT B0 &0 D ML, a-SiC:H HEOFEEIIE W TIES
WWEETH D, LI - THRH T, e OFMETER LICEBII DO TERERE. AES
HIE. SEM #2ZZ. TEM 882170, I DO TR, UTF. ENnooERIZD
T 5,

3.3.1 HEOREZERE

IKFSE (Pu,) % 0~1.3 Pa & UTIERE U7 350K O BB 2SR 7o B A K 3.610R
To MWk EMRIEE (T,) B=R (RT). Ar 53 (Pa,) 13 0.33 Pay AR 210W T
HYO. ZOFEHRBUBTNTORNIDOT—ETH 3, ORI SIKEOEAEZHEM
T HITHEN BB T U 7o RIBD 3 2 EMICh 5 Z &b b, ZHIdKkFEE
BATE &L > THBORRMIO D OHEEZIF I EEER LTINS,

0.6
0.5
0.4

0.3

Deposition rate (nm/s)

(G e
0=~ 0.1 1

Hydrogen pressure, Pgy (Pa)

X 3.6 BB EE DK TR AR



B 3.71 Py,=0.33 Pa. SRIEENZA 210 W —&IC UTERI LU 72508HT I 1T 5 BUBE EE
EFERIEFD T, OBARIZDWTR U, Ty O EFITHEOETERD U T EF0 ) DA
5. ZDWABRIERTOBMIEEEITH LT 6~8 % BETH -7z, ZHNIBIEREFORE
ICE > THHBOREIRE LRI EEZR LTINS,

T T T T T T T T T T T

O\-% —0 _:

0.5

Deposition rate (nm/s)
<
W
|
!

L a-S51C:H
0.2 Ppr = 0.33 Pa 7
| Py =0.33 Pa 1
0.1F N
0 l 1 l ] I
300 400 500

Substrate temperature, T5 (K)

B 3.7 plfiBias B D FHARIR BEAK A T

3.3.2 AES [C &k B3RS

AES 37K RITE UTHEREA R /70 e, T2 Tl a-SiICH #HEAND Si & C DEE R
M DOMBILIZ DO TRARIERITONTIERS, FHEHT ST 7 2 RIC/ESRL U 72 EER 200
nmm DLDEFEHL. CNEAA LT F U UENSA—Y 2 BFARY MIVER,

3.81C Py, = 0.33 Pax T, = RT & UTEBRIL 7B O = v F U VBRI TOA — U =
BTARY PIVERLUN, 22T, B3 — V2 BFO L D>TRIVF, #fhizA—Y =
ETOWERD 1 B 27 MV () TH B, AT ML/ 1 XOHBENSL TS
72 4 MOREDEE = ZNETNE > Tnd, ZORIZEBNTANRY MLV EIZIE S1 D 92
eV (LMM Z#). C ® 272 eV (KLL ). O @ 503 eV (KLL %) ® 3 2O E—7 25
LB, INH6DHIHO0DOE—-7FIKERBOAICE SN, 180 s T v F 2 FEKRIZIZH
ZTWW5, SiECOE—-I7RENSZFNTNDORE 0.34 & 0.14 ZHNT. ZH5 0K
WABEH UERAK 39K Lce 22T MEIB 9% (%) T, #HxzyF 7
B ThH OEERED S DEIITHIET 5. ZORNS., Siv C OMAEITETOW S X
NH D EDODRIERFRIA 180~5000 s IZB T IXF—EDMHEAEE D, F9d 3 & Si: 54.6
%~ C: 45.4 %RDET S1 V) v FREISGHDBOE—ILENTE TSI Db 3, &
720 5400 s LIFE Si ORI EBUTHEM L. —FH C OMKRIIEP LT3, ZThid. 714
VI FUTINSI T 2 MNIELIL I EEAR LTINS, Lo TERE DR mICE UK %
6000 s &9 B &, TvF 7 EEIZR0.033 nm/s EEHTES, Lkd-T. 2Oy F



AESI i T I I T I

etching —

Si C 0 time |
0s |

—\ v 605

/\/ VT 180 s —
—*~fv_—---,a(. 6060 s :

«~—W[- 8100 s -

| | ! | | |
0 200 400 600

Electron energy (eV)

dN/dE (a.u.)

3.8 A—V xBFRNRY VDL v F v 7 BRI EE S 2L
[Py, =0.33 Pa. T, = RT]

100 T T T T T T T
80k a-SiC:H film ! -
é?/ S iSi substrate ]
60 : .
.9 A ! i
2, ' :
= ¢ . ]
o )
< 20- : 5
1 | | | I i l
0 2000 4000 6000 3000

Etching time (s)

X 3.9 a-SiC:H DML DIE X Fitsth
[Pu,=0.33 Pa. T, = RT]



VIEIEE 1 DDA =D 2 AR MIVEIEICE LR 120 s THh 7o Eh oA —
Vx AT FVIZH A4 nm DEIDFEEETH -7/ & I HICLMAEIZIEH 6 nm DOEEL
JEOWAMEL T EHEETE B,

LitER—oiliEE. T, = RT. Py, = 0. 0.33. 1.3 Pa & UEE. BXUL T, =523
K. Py, = 0.33 Pa & LAFEHI DO THT o720 FOFRBREDHALNIDNTH Si & C D4l
BIXZNZENEIEL AT —E QMR E & 57, B IAICENTNOMKLEE T EHT
T, TNXDEARD C OMBILIZIKEDBEANICK > THAT B, Py, FZEZTH 454
% & TEALWL N Ebhd, X520 Py, 2 l; 0.33 Pa T, T, 2'RT &£ 523 K
DR’ B S OB E KB 2 & 8D T, @ LHITE - T C OEBHAEDY LT
WB I EMbhD, uL®+,17E<EAm_f\M§H§®&Eﬁ>J FORERSE &b TEE
DREEPUIDONTIZ 343 JITEKT 5,

# 3.4 AES IZ& » TR o okt

[Pa, Pa) [ T, [Si(%)][C (%) ]

0 RT 48.9 51.1
0.33 RT 54.6 454
1.3 RT 54.6 454
0.33 523 K| 59.2 40.8

3.3.3 #RMEROBRERER

SEM ##ZIi3. Py, = 0.33 Pal 1, = RTICEWOT ST 7 2/ RICER U7 BEER 130 nm
D a-SiC:A BRGEENI DO TI 5 720 K 3.10(a)s (b) iIZZNENEEIR @ S ITHED
RSN AT, (a) KO FMNIMMDIET SN TH B Z ENEAT XS, £
72 (b) TR SI 7 2/ ONEZBINEZ DTN T STk D UMA S FARWnh & . 3E
WITHT OIS a-SiC:H IEEOMmABIEE T 5, AEOWNMITITAIRARRIZ L S i,

X 311 Py, = 0.33 Pas T, = RT. @R ZHFT 240 W E LT S1 7 2/ EIZHY
1.38 pm AR U7z a-SiC:H BIOBER R A7, 738 (a)s (b) 3ENEh. RBekmis
SNTHAME TS %5, CNSDOBIRGEI SR IEND 240 W TIESLL 72 a-SiC:H i
IR ~Bum BEOWMH O L — 574}\0311_1]"‘57% SITINEBNIAMELTAE T &
Dbhindg, T, BTN KRETEL I EITLEEEEDLDN S, L > TAPHRTII
HRERENC Z D LD BN AL U85 Z L ERTE 2R AOHMEN & UTH B
BHA 210 W IZRIE LT,

b) TEM 82 [ 31212878 TEM #l#%%77"9, Py, = 0.33 Pa. T, = RT THESL
72IELEEES 200 um @ a-SiC:H G TH B, WHEEHRIZIIH L7232 M5 X ML
HIBRAREF BT UTIZET Ry P ORI RTIoNa— ) VT DBNEL SN DS, Licdi-
T EBRETENT 7 AETH 2 2 05, OFRETHER LU ZEEHI DO T HH



a-51C:H

Si subsrtate

(a) BptEE 100 L m (b) Wi . lam

K 3.10 a-SiC:H #fE D SEM #1%% [=EKES: 210 W]

a-SiC:H

Si subsrtate

(a) BBIEm L0 am (b) Wi . 54am

4 3.11 a-SiC:H # D SEM B2 [&EBES: 240 W]

200 nm

3.12 a-SiC:H #E D TEM #i%



BESEIEHERME O N THE . AL TIEE U7z a-SiC:H #IEFEFHI2TT 'L T » AT
8‘7) ko) f:o

3.4 a-SiC:H BENDOKZEE

IKFALT BV T 7 ZNEERF OKFRIZ. BADS 7)) 7R FERE LU THRIm1 &
ULTE. REFEELBRD IS, ROWHICKREBEELEZ 5, Lich-> T, BEROK
FBRLEEMB Z L3, BEEHO b D2 OFPEOHER B JUFIEICE B OICRIL D, B
P OIRFREREDRAEITIE. MBI & - TERAD S B SN IKEED SH S FHERH 505,
FERENE I —RRICHE T H 5, AT IFRIEAE & U TR R R h Loy
¥ L ERDA 2Rz, LTINS OERMERIZ DTS,

3.4.1 FRIMBERIXZARY FIVAIERE

© 100F ——T .
= OO_ X 1\ ]
aé ! SiH, CH,, stretch ]
= i /]\ stretch -
= H0F _
% - CH,, rock wag !
= | A , _
= - Si1C Istretchl 1 | | a—S%C:H -
0 T000 5000 3000 1000

Wavenumber (cm?)

X 3.13 a-SiC:H D MR 1L ARIMRBINZ RS + b
[Pa, = 0.33 Pa. T, = RT. EE: 1.7 pm)]

3.131Z. Py,=0.33 Pa. T, = RT TIER U/ZBEER 1.7 pm D a-SiC:H #EEEDE o5
SN T MBS IRIRIBRIN Z R T PIVETRT . T ORI THEBNI ASTARIMR DB (w) #iE
NI R DOBBRTH 5, ks 4-SiC TlE w = 800 cm™? 1T SiC f&5E& DT — Nioxt
g BRI E— 7 NN E Z EDFSN TS [41] [42)e ZTDARZ MUZHENTSH 800
cm™! fAFAEISEOGRIGEOERIL. BRI SICHEANEBLFAL TS Z E0Db2 5, —H.
Z OB DARITIFEFIC T o — R DIz - TE D, fEBLLUIENRNTEILT » X ThH
HIEEFRLTO S, 2100 cm™ ! fFTICIE. SiH, BEOMHEE— NiZicd 3 E—7 0
Rohb, CHESIOER T 2 E—2 & L TiE. 2800 cm™! fEICf#EE — NIZHIEd 5
E—7. 5121000 cm™ 512, 800 cm™! fHEDO K& SiICHEEDOE—27 EHIZ - T,
CH, #BEDEAL IUVHENE— FIHIET A2 E—I PR 6N 5, /2. 2350 cm™! (P



A) ITIFKREEH RICE BWHBREE— 7 BIELEL TS, LIcdd> T a-SiC:H HEO &S
BEZ. INSORRE—271CL > TGHiidhiE L. LM L. CHEEIZ DT 2800
e~ AHEIZEN BT — NIZHEd % BE— 7 DIERICHEE /26, 1000 cm™! fFED
ZEaBLIUOBENE— NISWHET 22 E—=212L > TFHMlig 20BN D 5,

K 3.1412K 3.13D X7 F VD 800 et fH3ED SiCHEEDOE—7 & 1000 cm™! ff3ED
CH, 450 —27 247 245 E UTIRE UTHEE LIchlERT, — RIS E—2 DOJF
Rz, #NoOEAVEET A RBHOBREICEL - TEA L. 47 U SIRINENRAMEE
THEIT LT, EERHRTH S LRSI, Lich- Ty K 31312 Lok 5 7258
DRENE—T7 EINXBE—IDPER TG, MEO/NIBEE—7I1IZD0TE. E—7
S BEDBRIZINL ) OFXFHIILERENE TS Z SITERE LT TNIER S50,

100

- SiC .

Transmittance (%)
[
F

1 1

I 1 1 |
$o0 6500 800 1000

Wavenumber (cm™1)
] 3.14 FREMRBILE — 7 D53t

& 3.151Z\ T, = RT & UL THE% DIKESE (Py, = 0.065~1.3 Pa) TIESL U7 200
nm OFEHI BT B Sl FEEOMEHE — FIiEd 5 2100 cm™! fHEORINE — 7 OZ
{LDRET-HRT o BRUTE WO TR ARIR OB Hthid (2.1) XEAOTEEAR L D EW
U7BIRE a(w) TH D, TNL D BRI IRK &S 2SI > TED
o D2E 0B 5 HDD4T 2090~2100 cm™! OHPHIZH BETH B I Ebh3, Fi.
YERIRF D Py, OBINICE - T ZNSHDORIE -7 ORE IE—FHmM L. TR
LT BERFHIDNZ B,

2.2.4 BTN/ L IR OSFAREZ (2.2) NTHEE S, HifiD a-Si:H #FHIZH
WTIEL RMRIRIGREEIC a-Si:H #IRIZEH 1 3 PER A, 20T 52 ETEAO SiH,
HEABELERDI, LI L. a-SiCH BEIZOOLTIRZ OMRBEINTE 53 APFE
TIHBOEETRD TS, Lichi>Ty I TR (22) RiTHT3 [ 280 2GR
ELTRD B Z &L - TENOEGBEALE Uz, K 31518 LI RINZ RS R L
IZDNTL 2 ORIGERE ([ 2Wdw) Z5RBE 3161 Lize & DL a-SiC:H #EN O
SiH, #ERE. DL S LG UTHET AKERIZ. Py, DRI > THINT 205N
Py,=0.13~0.33 Pa ODEITIRAK EL > BT LT B Z Ehbhvb,

FIBEIZ CH & ORI B — 7 12D T, Py, DFALIZEE D IR OZEAL AR 31712, F£72



T ' | T T ' T
i .
= [ Pry=033Pa i Sifly
! 0.59 Pa
g 1500 ™~ -
et 0.13 Pa
JE ud -
L
S 1000~ s
%
3 8 ]
g
2 500 .
[}
= _
o)
< 0 . ! . | S !
2000 2100 2200 2300

Wavenumber (cmﬁl)

Bd 3.15 Silly, {8 #EE — PTG T A RMVERBRIN AR T S VDIKES AR

T T T T r| T T T T T T T II
100~ SiH, .
Eon 80" N
|g i
L 6ok _
% I a-SiC:H
s 401 Pa. = 0.33 P |
3 fumed .
_ - Ar a
20k T, = RT 1
0 | L ; N
0.05 0.1 0.5 1

Hydrogen pressure, Py, (Pa)

[ 3.16 Sill,fh#HE — Ri<o1) 2IRIGEE () Ydw) OkFES AR



BAGREE DZEALA K 3.181R 9 K 3.171 D CH AT 2B E— 7 DT 1F
BB QD Py, OZEALICHE D HBINT HIF - OBRERLTOE I E0bD 5, 35
iTy B BI8ITTR Lc &k 51 B — 2 OB (f 2dw) 3 & $IEE—EME & -,

T T I ! ] ! I ! ]
o~ . CH, a-SiC:H
Eood AN ‘
S2000- Za N\ Pl = 1.3 PaT]
- ]
2 ]

[&]

&

8 - .
© 1000 ‘ 0.33 Pa -
ST ' 0.065 Pa

% 0.13 Pa |
3 - 1
< 0 y . !

800 1000 1200

Wavenumber (cm 1)

K 3.17 CH.ZA B L UEENT— NIZB T 2RI AR 7 M VDK AR

400F — 1 T T T T 3
CH,,
@) O
—~300- © o 5 a
g
S
5 200~ -
5T a-SiC:H
33 B
Py, =0.
d ol s = 0.33 Pa |
T, = RT
O 1 ||||| 1 1 1 [ |||||
0.05 0.1 0.5 1

Hydrogen pressure, Py, (Pa)
[ 3.18 CH, Zf% LUHHENTE— Fich i3 3 BIGEE (f 2Ldw) OikRe EHKRAEYE

T. Tawada & [43] 13775 X< CVD #iZ & > TYEEL U7z a-SiC:H FEAN O Sil #5404
HAE— NIZDWT, 2O Y- ME (FERTBH) 258 LT3, o3, K 3.19D (a)
~(d) IZFRT L O L SIHBEAEEZZ. o StH BEIZH T 5 SiH #5460 MEREBH DD -
TR ENS, SIREFITHEE LRSI CIETFOBELAZIEE I EICLD. (a) T
5 CEFOFICKL B2HBOENSEZEB LT (b)~(d) ODREREIEEZRD T 5,



i i i i
st f\SisK/ f\rjs(/ e o ]
1 1
(a) 2013 cm™! (b) 2054 cm ™! (c) 2095 cm™! (d) 2135 cm !
B 3.19 a-SiC:H BN BT 5 SiH A OEHEREIEL [43]

AT THERL U 72 a-SiC:H HED S OFRIMRIRIN AR MUIZB O TR K 3.151IZR L
K91z SiH, HEOMHEE — FITied 2 BIUI4T 2090~2100 cm™! 20 & LTHN
THD. CHEFIEES LI (¢) D 2095 e IZHEFICE S —BH LT B, F72. a-SiC:H #
FEN T Si BT ITKRRE TN 2 HELERE U7z SiH, (n=2~3) &4 OZEEREHII. a-Si:H
AENZI 1 A 2090 cm™ XD BHSMTRE LD, BHllEIN/E— 7 D S IF R B,
U7 TAPIIETAERL L 72 a-SiC:H B TIE. Si & CANTEAEH—ITRL DA ->TE
Do SiETIOKEE 7 LEEES UK (SiH) DMEEAETH B EEZ oD,

—F CHLEEIZDWTIE. K 3.131ZR L L 9122800 cn™ ! AHE O4#E € — R IZHE
FTANIHERIRE—7 &L 1000 cm™! FEDOEA L L UEHENICHIGT 5 E— 7 DBl X
N. NSO E =7 130T NGIERICTo—-FLEDERL >TSS, a-C:H EEIZE
F % CH, #56& O#HaE — NS 2 EHEREIEITIE 35ICR Uic & D WG I N T
V% [44]o CH. CHyy CHs iZDW0 T O Z OFEMERFIOMIIIER ITUN L > T B Z &,
F72 a-StH HRICEAHEOH B E 6. EOBEGREIROZSFEL TSR
ETEIU,

7z 3.5 a-C:H EEN O CH, #5& OFHEIRBIEL [43]

Configuration Vibration (cm™!)
CH sp? 3305-3300
CH sp? (aromatic) 3050-3060
CH; sp? (olefinic) 3020-3025
CH sp? (olefinic) 3000

CHj3 sp?® (asymmetrical) | 2960-2970
CH; sp? (olefinic) 2950-2945
CH, sp® (asymmetrical) | 2925-2920
CH sp® 2925-2920
CHz sp® (asymmetrical) | 2870-2875
CH, sp® (asymmetrical) | 2855-2850




3.4.2 BEADKFREEEHEEREN

B DK FERE S HEEIC DTS 2. ERDA flaE3 3.4.1 T THOW I EO—
EIZ DWW THT 720 K 3.200C T, = RT. Py, = 0.33 Pa TEBL U72BE 200 nm D a-SiC:H
RO SB SN PR F T RIVFZRT MIVEIRT, BEEIASIF EEER AR
UCTHEAMCEELE NIRRT (H BT OB DRIV FIHIET BF v RIIVBEFTTH
D, HEENIRBRFONREBTH 5, &F v FIVIZE T 2 KA FOINEIL. a-SiC:H #fE
DG LIz TR IVFIRICE O THOSMIB KLU TE O BERNITKENFEEL TS
Db b, £l TOE—7 OARIIHEBERE, S ORBALIT-. ZEdmid Si 7 2/ E DR
FIZHYE LTS, BIREOFBMED I SITETRIVFHL, 2D Si7 =/ \HIZH 304
72 MEEOFESNRONED. THUIAFA FOEMEFITL > THELIN T 4 VT —
THILUENTITRAMSINIZSDOTH O, Si 7 2/ \WIZIIKFEIZIZEAEFEEL T,
Flh. E=7 Ol MHEZ A2 S > THE O TNIIRBRALFHIEIZE I 20 EEIZ L2 DT
HB. Lich>To IFITRLIE S ICE—2 O&FE (H) O¥4 (LH) DL A% 2NE
N, BEERBIUEREORTE L. TNEFNOIRIVFER By, E, & L7,

I 1 | I | I

—~ 400 Si . i
_substrate a-SiC:H film

H

|
600

Channel number

B 3.20 SURAOTE BRI F T R LFE ZR2 kL [Py, =0.33 Pa. T, = RT]

BRI L BRI A MOBESHBUEIZIE. A4 2 OWEFE2BBT ORIV
FIHRDW 5 X (energy straggling) . ZERELOBERL LICL > TERIN B T RIVF
ANRZ MVIZIE TIET ] DET B, ZOIHRBRTHICE T BRI REE 6z 13IRA T

FzIhb, ‘

SE,,
Sz = E;“ (3.12)

dx

ZETy 6Ba BEBHIT ORIBO L3V RS, &2, AROL I

dEdet . dEout dEdet
de  dz dE,,

(3.13)



TEEND, Th. (3.9) RAEMST S EICE D

dEout
dz

EBD. IO, G 1F By & Eoy BB T 4 VFBETOMIEEE Sp(Ega)s Sp(Eou)
D

=[9] (3.14)

dEger  Sr(Eaet)

dEoi  SF(Eou)
TEIND, 2. (3.12) ROABADHFAZ Y2 B §Eyy 13FE 4 O TIZ X 2 KPR F-D
IRIVFDIEMNDIZ L > THEU. BRIBEBDDERE: (B, ASTE— LDRHA LKBRHEHZOR%
HADIENDIZEAIE: F,. RMOMIIZXBIA: 6B, TRXIVFIX NIV T 6F, <
ZEBELUZ X B)IEDD: B, ZHOTLUTORIZIREIN S,

(3.15)

3 .
§Eg., = 6EL + 6K + 6B + 3 {(SE.,)* + (8E},)*} (3.16)
7=1
T T | T T T
—~ 400 .
= surface of the film
z i
5 a-SiC film \ 1
3
]
= 200 =
g 3
S (Y
8 | @ -
(a1 D..& ..
F1X }
e P e T [
0 200 400 600

Channel number

B 3.21 AKFAL U730 a-SiC EREERZEmICTHRE Uk FIcL 3 A7 bb

B 3.21177KFEAEA LT a-SiC 7 & M%*u SN BRI F T RILVFRRY L%
AT BRMITHIET B 450 F ¥ > RIVABEICIZMEE TH 2 HIKEOFEI R X . 3K
BIEMICEE LIRS FICE BB ERBDNS, Lih - THREREIC LAVKENEIEL
TN ERET B E. COE—7 DIRND IIKWEZRD OO FEFEIZLZ D TH B &
W\ % %, ERDA OSREEDERME 6., 132 D E— 2 OHAHIRE Frynm &5 & (3.13) 50
IR U S 2 IS8T 2B TR VF OZEALER Ll ZHINTRO LD ITREN B,

Efwhm
6$ezp — E&L— (317)

dx



K 3.21 & b ZEEEIKG T2 L BE5OFEIRIL 57 keV TH O BHE TR IVFOEALR
13 1.39 keV/nm TH B2 EMS (3.17) Rz L b, RiEROFREIRIIC B 1T 5B
6Terp=41 nm EFHTE I, K 3.20 TR Uk D ERBRRLT- A RS IV K D IKEBREDEE
XFMTOT 7 A INVEBSIDIZE. BEO T RILF%E (3.4) R~ (3.9) Xa T TEEE
E) S DEXIT, HEE o KB FIUEA (3.10) 2. (3.11) &AW OKRBEICERTN
Fde ZOEE. AR TFH L URPRLF O a-SiC:H HBEEIN TOMWHEEIEFEZ KD
BZENH D, TNSOMHIEI. —RINICIIEESOBEDN SHET 50N AL TR
BINT BN T 7 RERTH 2 O THEEMNENHEE ICHEETH 5, L->TH 3.20THR LK
BRI F— RVF RS PIVD E— 7 QR (B — Ey) DEBERAEOBEIZWICT 5 &%
Zn BEEHIODWTINGS 2 DOREME (FElE. BUE) D7 1v 7 4 ¥ 7 %470 a-SiC:H
OB ER JUWEIEfEE kD Iz, YT, BHAERICI DO TEER 5,

ERDA IZHB T BAIFHI & » THRIL XN B KL T D T RIVF Eyey &Z ORLFDHE
FELUTOWES ¢ 28020 5RUE 3.2.6 THD (3.9) XATHRLIAcE I TORICE 5,

Egi = K,E;, — [S]lz — AE (3.18)
2T K, [S] BEREN
AM(M,
_ 0 3.19
K, (0% + M0,)? cos ( )
[S] — KrSm + Sout (320)

sina  sin

THEES, ZN5ORITENT K.\ By AE. oy f BARBIEICE U CEAOESIETH
BN WVEHIEEE S Sou SEME A BB T HRT-O S DI RIIVFOBMEL S
(3.18) T Eyoy BLV ¢ iICKWEMEAEZRAL TS, MILEBEZHEMITKD S Z &
TEL, LM L. BMWHE (a-SiIC:H) OFEEZH SO UDBRGET 5 Z STk DHIEREE

—RANTRET B Z LI3TETH So (3.18) REAWT—EDERE p & b DOEHWEIZD
W Eger E e DBIREEY I 2L =Y a5l EICLVN 320857757455
ENTE S, KOMWENIEHERRTDN O OBES o MEIIEEI D S DRPRLFO T R ILF
IHIET 5F v Y RIVESTH D, £RBMBRD p ME UIcBHE O R FH R &
SiC D] % i2hic 5 EEK LTINS, I Ty FlED O SN BT R VF IR
7 PVIZEBOT, S17 2/ EORMITHE T 2EI DO DRBBL T T RIVFE By KD
HEOBREL ¢ & UTK 3.22F1C (2, Egw) 270y bF 5, ZLT. ZOHERATH
LHIARD p DOHBEIET S I Sk > THRFERELIRET 5, I 51T, AES WIEIZE -
TRDIBFBD Si B LU C DML EZEZ EDE S I EITk D, FRBOEHEEEKRD S
ZENTX B,

K 3.23IC ERLOFIMETRD e BB OFEE LR T Py, OWINIAEOER SIC D 80 %
N 60 % BEFTHITEI L0 E, ZNODfEES EICUTKRRBEAFE L,
X 3.241C T, = RT\ Py, = 0.065~1.3 Pa TYEBL L/ JE X495 200 nm @ 3.4.1 THTHUZER
FER—D a-SiCHERE L OB ONIENOKFRERI 0T » 1 IIVERT, ZHLD.
a-S1C:H HIEN OKFREZBEER MIZEAALNTO I EDbh b, £z K 3211/ L
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B 3.24 a-SiC:H HENOKBRBRERI 07 » 1 IV

FENITWEE UToKFiIZE B3EBRK 32400R L& T 0 7 7 A IVDEBIZHTH4/0
o, BRI LIk FiIZL A E— 273K 3249 TIER SN, S1 7o
IS T AR IICEIKRBRDOEEETRTIHEEND 20, LIl bilb~Nlz L HI. THIIASH
FTOBMEFICL > THELZN/IZZ EICE B /A XTHY Si 7 2/ MNUIKFRFEEL T
X INOHDKFRRBERITOT 7 A IV L DBENOFEPKERE A KD, /EREED Py,
EDORFREER 3.251Z Lice ZOKRED. BRAOKRERED Py, OWINITHE-> THEAR L.
0.13~0.33 Pa ICB N TIRAMES & > 2B ISHIZBD U TOBREF NI DNZ B, /2.
D A FNTHEAREE 523 K & UL/ ORBRERL TS, JOKKREBEIISEE CTER
U723 LD H/hE i,

10 LI B B A T T lllllrl
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3.26 YEBLRFDIKFAME IR D SiC AT 3 RIMRBIGERE (f 2 dw) DRI

P E SR EFIE TR RV D BIERE RO SEOBHEIZ DN TEERT B,

B 3.261C SiC A BEITHIEY B RIMRBIGEE (f 2Wdw) LBIERD Py, OB
Yo Py, #30.065~0.33 Pa OFHITDNTHA S & SiCREREISHIET 5 RIGRE T
3.23D7EBEDOEE L & HIT Py, OEIMIEORED UTHE D K 3.25 O/KFHRIEEE 13311
MLTB, ZOFBICHEITS2ENETNOMEOMENIIRO L D IZHHTE %, KFILLE
W a-SiC BB LTS, WEEMIE &5 Siv C (C OBA =R BIMDBL) TEAKL R v
PO = BRI ND, £ IITKENEAINIZTEE. BELSTHEET DY 7Y IR
v NERET BT, BAKBAEY > TTERLY V7V VIR NERET B
EICE > THENEI XN S, ZOBERIZL > T Siv C HEFOFEE M1
WRU. TORDEEIWLT B, Licdi - T KEBRBENENTZICONTEES LV
SICHABEIIED U EHATE 5, 20X EBENADKFEDEAIZ L S a-SiC:H @K
DEEDOWAIE A Guivarc’h & [45] IZLk > THEEIN TV S, HSIT. TOEEA SiC
D 60~80 % ELTHD. R THLONIMERIMUTL S,

—F~ Py, 7 0.33 Pa L EOFEBIZH O TIER 3.230ED 0.46 Pa THyIMEA & 5D
12 Uy K 3.25DKERBEITHBITERD LTS, 202 ENS. 2D Py, DREWVEER
WEOTRENOKEREIZEK > THEN—FNICEL S L2 ED0%0D0 DL Py, OB
KL oTR w5 ) VIBRZDOHDITHMOLDHENRATIND ZEEFE LT B,
Fi. K325 A IO T, =523 K & U OKFEEIZ T, = RT TS L30E
EO /M, TR T, O EFICE - THIEERERO Si £ X0 C HFOFEERSIOMELE
TN BEORZXLFEIT/E>THNAEIEEERL. K3 TIIR UL D ICEMRED EFIC
Ko THFEDREEED 6~8 % WP L THBRERDOVEDIZEEZ N5,



3.4.3 EEOKEBRE

AR T a-SiC:H HEOIEEIZH /2D, ZRH SIC A5y —7 v FELUT. Ary LIRS
HRABHLGHTA/ Ny 7Y VT HBFTOBENIZKREEA Uz, ZNw 7Y VIRIZTF v &~
IN—PIZEA XNIOKESFIINEEEF TIEINICETB LA A4 EOFHEITL D,
—ERDSBIIREE (5 UML) TEEL TS EZEZI OGNS, ZNODKET VAINHIIEANIC
HOrENBERICIE. SiFRT CEFEEET I EE0EBEEETICSIBLT
CEFICEL->TERAINSE XY NT—0HNIZEATEHOD2HBONEZ S5NE, TDD b,
Si BLUC BEFEEE LU TENICELT A DiIZE. BOEREIZKES DIV S. C
DAy FNFEBRERITHEND B, BFEDA/ Ny 7 ) VIFHTTIE. =T v
FE. HEZEZBROWITNTHIOHEERITEI 5, LHrL. HEZEBTO NS DR F-OEZR
3. SIRITERNTOWMETH B2 BRI L TOBEIFE T & DEED L 5 15 2 IRT2E
M TOWmEITHNTHEIZI/NS O, TR EAFBEREMRI - Th. 77 XA<THOBREN
B SN LRI L > TEUZBAT RV F OBITHES . FRT CITOET 52 LI HE
NODIKFKEDFEAIZIZHFE OFES LW [46]e L ->T SIH BXUP CHFEEGEFEELLT
KFEZ VAV E Sic CIEFDHEM EL DFD Siv CHOERTEZUCERTHAT AT &
ICE-oTEKREINBE EEZ 5,

341 BLU3A2ITR LI & 91T a-SiC:H HREIE. fEBISM: (Pa,~ ZEMUEE) D
WX - T TOEFEBENEZA LI, 053, BHOoDMIZ R/ Ny YRACH W RAEEA LT
EICKBETHHEFRA S, UT. INSDOERIIODNWTEET 5,

a-SiC:H BROBBEREIZ. RIGHA R (Hy A R) OFBAITAWETEM L2 ZITSEIC
BA LT3 (K 3.6), BITAT. HERIKEIEAZINS ETENT 7 ABEAOEER
MR . HEOBENERD TSI EDHERINI, JHUIRI T EORERE OB
IZDEAD. K 3.6T Py,7%0.13 Pa FTOFEMTETFHMALTHEZ EITHIE LT3,
EZ AN, BEOEATE Py, 0.13 Pa LI EITE ) 2 BRBEHE O 2B RHD 2R TX
80 IRICZDERIZTDONTEET 5,

AES HIE DRER. KFKROBAIZL > THEAD C ORISR LTHBE I &, 610
PR A 523 K TEBL L 723k DT C OMEREIED LT3R Z Edbh -7, ¥
ST RNy ZFREDOIKFKRDEBEAIZLD, £E LT C HEFOFEFRIMMEEINZ, 1T,
SIHEAIZHNT CHEEDOEDRETH S I 00 BRI HZE LUz C HFN
FRHD SIFEFEREELTOEHEBED, BELTHTORTHEERLYPILSLI LI
FBEEZONDE, ZOFEROEEIILICENIKEREORBRYDOERD—DIZEZ S
NBH. Siv C OHERHIZ. Py, 710.33 Pa Yl FOHIRTIZ—E (3£ 34) THo7/2Z &
5. 0.33 Pa LI ETOREEEDOSBML D ZHHE T,

3.27(a)(b) iICZENE . KEH RBAFIHRD TS5 X RHERARY FIVETRT, (a) D
IKFBEAR D ZRZ MUVZIE. Ar 1A 9T VHINIZE B FEE— 7 D BHIER I N TH
b0 ZITHHDIDIZ, Ar VA INIZLE B EEDIS 415 nm DFEIEAE Ar 1. 690 nm
OIS Ar* T & Uz, (b) DIKBEANABABLDANRY MVTIERKREFZ VAL S
FHE—7 (His Hy) LKFESGFI VML ZEZHOE—s (H; I I, ) DBETE
Bo Kl At DT VANCE B EBDLNEE—7 (Ar* 1 1) WWKkFEEZBAT LI LI
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THWYLP L TWB I EDDbI S,

INEDOE— D Py, FHAR 3.28(a). (b) ICZNZNTT, HOKEIIEE—27 D
FEIFRETH 5, (a) KDIKEHADBEAILL > T Ar I VHINVORIEFSEHICEAD TSI &
DbIND, F D% Py, H10.53 Pa il T % & ZOWDIIERNINS, —H. (b) T Ar 5
AN ERHEIIIKET DV AHIVDREIZIKEDOEANITHENEIML T 5,

T [ T T T L) L) LA A | [ B
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z o -
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[ 3.28 (a) Ar (b) Hy 5 94U & 2 RICIRIE D7k 553 AR TEYE

Py, DRI > T Ar 1 4 U S OFEDNTTE 52 DIEF v /N —NOEH ZEDHK U
At A F VIERDIcHDBAMET LIz Z itk b EEZ 505, JHIIRBEHEEDRD
WCEEZET S, —HKES VAN DOOTE. KEH ZADOEBA SHITIERICZ DD HE
KU FEE—7 258> T, Tk D 0.33 Pa (2.5 mTorr) LA T CORENDIKFIE



FEORINE LU SIHBESREOHINE TS A<NTOKET VHINVOENEZ /-2 LTk
5E0A B, L L. TSICEOLHETTRZOKFREZFISED LTHEN, Zhid
X 3.28 DEERIZT D SIFA T IEPOKEOEABEICS SITHMTRHFIEE
NTHsEEZ NS,

3.5 HHAWIBICKBKEOHLIBTE

IKFALT BIVT 7 RPEERIT, BIEIZ L D ENOKBEVRIL SN, T SICTELT 7 R
MOEERACHEB A BT ENMMONT NS, BEROKEDOKEIZT/ NA ZADHIT
ORNDEHLREBEEELDEETH S, I OICBIEIZ LS a-SiC:H FEAN DK
FOMEBERRIZ. BERISEA XNTOKROFEAREE R 5 ETREBBREN, RHPFE
TS T 2/ AR EIT Py, = 0.33 Pas T; = RT & UTHERL U7 IBE#9 200 nm @ a-SiC:H
FEHEHC R 4 OIRE TEIIE 41T - 72, HEEIE LU MLOT% SEM B3 5
NZ TEM BlZ . /KEOBHMEFIZ DO TUIARMRIBIN Z R 7 b IVor#T72 S TNZ ERDA I
Lo TNz, UT. BoNIBRIZOWTHENS,

3.5.1 MWMEHEBOBRELER

a) SEM &2 [X3.29. K 3.30icZ2n <4823, 1273 K T1 h BH 45 U738 D SEM
BIZERETT, (a)s (b) ZENZTh. EEERAL IOMAOBEERTH 5,

320D BAIRIEE 823 K Tld. K 3.101Z/R Lo BULEE T Ok & RO IEF ITIE S
NGB TH S, UL UL K 3300FBHEER 1273 K TIIEAERICER 1~3 um 2
FEDMIERTE & NTIMERINEIE LT %, (b) £ D0 ZOMEOBE I IIHEEAOBKE - —
HLUTHhBRIZE, £/2. (a) OHERE (b) OMIEBIIRE IMNFIFHE LT &b b, Bl
HIZX > THELUZINSDOMERIZ. H. Shanks 5 [47] IZL > THHEINTE D, HSHIE
Z DFRABILERFIZEERN OKEIHE SN BB, IKEH ADOER EOFRmICERE I NI
%, BRINITHREEIN/ I EITEBELTN S,

b) TEM £82 FLIIC L % a-SiC:H O St EOZE AR S /oD TEM Bl %
To70 K 3.31ICEILERT2 ORI BRMREFEIT &L, (a) FEMLEF. (b) 1173 K. (¢)
1273 K T1lhs (s () 3EBHH 133K TLh OBIBEB L2 HDTH 5, (b) Tl
(a) OBVLEERT# SRRSO —Y V7 DOABRR SN, 1173 K. 1 h OBE TIE 7 £V
Ty AMEDEETH B EDDM S, L L. (o) (d) KB THEHSREOELELETRT
G DR ONE, ZORHT/ Y — 2 OFNTIC LD, PIEESASIEIREE A HDF-SIC D
TFEDHER I NIz, T2l (o) (d) EE—DOFE OMRE - BREICE 0T I OSSR
(R nm) DBIEI NI, Lcd - T, a-SiC:H #EEIE 1273 K LI EOBILERIZ L - TH
SAL L. B-SiC DEEESR EH B T EDbD 27, —H. (e) 1T (d) ER—DOHBDIDTH
B, B-SiC OEIFY 7 O 6 BIFRO BT AR v b2 d O BEABIZEIZH O IZEE
IS O TN > TN I EERL TS, ZOHES SIOZXRy hog <HNIZH



a-S1C:H

Si subsrtate

(a) RBIET 204m T YT
B 3.29 a-SiC:H WRESENT 823 K T 1 h VLI A H L7 % D SEM Bz

a-S1C:H

Si subsrtate

(o) EBIEE L 24m T (b) i 2 um
51 3.30 a-SiC:H FEBENC 1273 K T 1 h BULERAHE L /=0 SEM s

(a) as-deposited  (b) 1173 K (c) 12713 K (d) 1373 K (e) 1373 K
5 3.31 a-SiC:H FMBUENC AR T | h BULERAHE U - 0 5l IRIEE EHH



% (B-SiC @ (220) mOEHTY 7 EiZd Si 7 2 ERUFAE S - 72 6 BEFROBH 50X
Ry MR oNS, ZHE. ST 7 2/ EDORMATEIZENT, a-SiC:H HEEIHERILT 5
VAT [-SiC DEIRDAALITIE & > T UL £ D F AR U7k LD
HEAEBERLUTO S, (d) OFEHIDWOTIE Si W 2/ DOILEPEOR. RmffEoem L
72 B-SiC O BN 12 DBRTE A -t &ENnZ b,

3.5.2 EHMIBIZHESKZEEERL

KIETIE. T, = RT. Py, = 0.33 Pa & UT/ERL U7 EESY 200 nm @ a-SiC:H 7RI
A2 OIEET1 h OBIERAE U3 EHI DN T, & DOKRBEZALZ RIVR I R R 7
PV AT S TNT ERDA 12 & » TRMli L7 RIS DN T~ 5,

| T T | ] T T
SiC
a-SiC:H film

annealing
temperature

1373 K

Absorption coefficient

| ]
600 800 1000
Wavelength (cm™)

3.32 BMLEIZ X B FRAMVRIRIN AR 7 ML DZAL

a) FRAMERINZ R PIVBIEHRR K 3.3210f 4 OEE TEIE A U7z a-SiC:H 7R
B S 5N 7 800 con ™! DI R RS MVERT, B O THEI I BIURE o(w)-
BRI RAR DB w TH 5, BHIEFTOFER (K a.d.) 12D TIZHI 800 cm™! 12 SiC
A OMFHEE — FICHIET 25807 1 — R E — 7237 541, 1000 cm™ 351213 CH,
HBEDOEABL LIUHENDE— FITHGT AN E— DB E LTHN TS, 573~T773
K TEME A5 U7CEEHC D0 TR, B2 DIBIKITIZIZ EA EEALDL DS, 873 K T
BMEBAB LU/ SDTIE 1000 cm ™! IR oNIZBAVNE B o T B Z Ebh 5,
T CHEERENMAD L TBZ EARLTNS, 512973 K YL EOEBILETIZR



BEDEFIZEN 800 cn ™ fFED E— 7&K 78D, 12713 K PLEIZ8 5 EBKE T o — F
WHEDM S, 800 et AHUE LI EAMFREERNE — 7 IZZAL L TO BT DA
3o Felzibs7z TEM B0 R L 0. 1273 K LI LTI 25 U 723N Sk LT
Tl EMH. TOLIRE—7BROZEMTERLITHIELTOWBE D ENZ B,
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5 3.33 BULIREE & FRAMRBIGREE (f 2 dw) DB
(a) [SiC &)« (b) [CH, 4]

3.32T/R LI BRIN RS FILIZ DN T, SiCy CHE SIS AR E— 27 D5y
AT, SNSDOEE—27 D0 T2 ORIGEE ([ 2Wdw) 25k, K 3.33(a). (b) 1T
ZNENR LIz, (a) £0 1173 K L EOBLIE T3, SUBHEEED EAITHROFRAMRIRIX
SEELIM ST L THE D RO SiICHERENMEZ 122 Ehbhvd, ZhidSi C
FF DHEFIDES R BT BRI SiCHGRENIEIM LiclcdTH b, T/ (b) LK



SERBGEEIZ T3 K 205 973 K IZ TRBICED LTE . ZhENICEIT5 CH,
AN DREFEE TR LIl EE2R LT 5,

wIZ SIH S OMHEE — RIS d % 2100 cm™! ORI E — 7 1220 T L B3
FEETOEAAEK 3.341TR T, I oICINL DR ICRIGEREABIINEEIIH LTS
ow hL. K 33513 L7z, K 3.34% 0 SiH S ITRINT 2RI Y — 7 13 BILERE I
Lo TRESFRLZN, TOE— I MEITIZE/IEL L IFIEF—EDOMHE (2100 cm™1) %
EoTNB I EDDNDE, THIZK 3.35L DIRINGAEEIL 573 K 25 873 K I i T
LTHH. TOREFEET SIHSEEGRBENED ULIzZ E2R LT3,

e T R o
SiH, g]
0 1273 K
.5 0 1073 K
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&5 873 K
s 0
&)
E OMK
2.
Q
29 673 K
<
473 K
O‘/\
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Wavenumber (cm™?)

X 3.34 BALERIT L2 RHRBIN AR PILDZAL [SiH,#5E]

b) ERDA BIFEHR HAEE AR MUV AOWIZERE EFR—O D120 T ERDA il
EEIT-Tce FRBL DB ONTBERNOKEFREOREI FMTOT » A IVE DERNOFE
IKFERBE A KD, BLEIRE & OBM% A K 3.36120~ Uiz, R OKFEEIZL 373 K &{EWH
BEOBUFH TERD L TOWBBEFNIDMNE B, £72. 573 K FiETE SIZHD LB,
ZOAEMNE 973 K £ The o I DFERITITR T HFIMERIN AR M IVaHTIZ L 5 SiH,
RPN 573~873 K. CH &S BEMNTI3~IT3 K THA L THB EW I ERIZ—EL
T3,

VU EDOHFNBIBINZARY MV L ERDA HIEEOHRIZI T —7iIZido 20 £
ZTNOHRE LB T2ORIRETH 2, 1 DOFLHNI OV TEZHOBIME A L. £
B U CBREEAZDOBIET 2 LEND S, TOMEIZ DN TUIKRE TR S,
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3.5.3 EBAMEIC LS ERDA OFDIiFAIERER

FEENMEIC L % ERDA ZOEAIEICIE. 35 2B THALAZLOERUEM TS 7o
N EITAEBL U BEE 154 nm @ a-SiC:H A 7z, BYAEEIT 1 DOFEEHI DT, 323
K25 1123 K T 50 K BT 5 0 f9 2@k U TiT. FEERED SEEDOREE
T in-situ TIKFRBEEIEZ1T - 72,
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3.37 HEWNELIEIZ L 5 ERDA AIERR

B 3.37IC K BIEBRE TR ONIENOKEFREDRERI AR T 7 » A IVERT, I
FOBBETOEEFMNICE I 2KERBEIRFIFETHD. £/, 352 HTHNIER
& RIBRICEMOERIRIE O EFITHEOIKENELD UTH BT DI DNZ 5, 51, 410
FEL721123 K U FOREHEE TN 331 R L 7 » A IVOREEIE TR U TH
D, BEBICEBEOEMIEI s TORNWENZ S, 70T A NVD ST 2/ EDR
EIZH e BH501E ERDA O REN 40 nm BETH B HMEX AL - THE DL Si 7 o
E DRI IEDOKEBEZAEFFEITIRET A I EIITER, LM LEXNs, 40E%S
N7&707 7 I OO TIERRAEFETKBRBEORD UTH3E5ORIEEMAL TH



DI SIKED Si 77 2 NANDOIEUE. IZEAEEI > TN EWNZ 5,
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3.38 ENELEMEIZ L 5 ERDA IEIZX » TR ONEAOKIKE R L BRI
DR

B 33T R UIKEREDEZE T O 7 74 VL DENICEAET 2 KERICHY I 5 ik
IKERFDOBNEAZBIFIREIZN LT ey UK 3.3812R 9, KHEXR—AEHID
UWNTRTE DR EE TEVILEB AR in-situ TIT -T2 b D TH B 725HH 3.38DKKFREDEALIT
& 3.3618 LI RICHNTIHEFITHE SOBEMNE UTED .. KEOKTBRES L DM
ICHIETE Tz BKBEOEMEFE LIRS E. 673 K B LU 8T3 K iz W TRAMEM N
ZAL Uiy > T3 2 &b b, TN SDOIREIE. 3.5.2 TATHA Sil, #
SEE (K 3.34) BLU CH, HEEE (K 3.33) DD UK 2BEICZNETNR —H
LT3, Lz T, 673 K. 873 K Pl LD ZNFNOIRERBICE T 2 KEBDORD
B, BRTS F23 CEFEEALTWKREORBIZHIEL TS EF R B, IHIT.
673 KLUTICBE W T HDBKEEOERDVLRSNS, ZHIHMEBETORBETHS Z Eh S S
BIUCEFOOWTNELRBEETICENODEFOREGICE>TTESR Ry NT—FH
ISR T AKEDORMIBTH 5 EHBITX S, 205 3 DOFEMERBICK T AKFEORI
W DN TIRKIE THEERIC L » TRET %,

3.5.4 KEHMHBEBEDEERICLIBTELUVEADKZEDEEINE

a-SiC:H HEIEAN O/KEOFFIRBITIZ. FiITATEZR UBRITRIZERIT 5 3 BEOHEIT
X7



I Si. CEFORy b7 =7 RERIHFET S
I SifF&Ee L THAET S
I CEFEHELUTHFET S

U7z > TARIATIE. K 338ITR LR ABERICL > THEIT5 2 &I1I2Lk 0. 3 DD
TEAERBE DK RBEAHEIZ L. ENTNOREOKREOHRHBRBIZ DL THEHL R
FERD B,

IKFR DB HEFE R HE?@ﬁﬁ\%WT®Fﬁ\%ﬁ@#b®ﬂ&@30&ﬁﬁég
ENTE. ZONOEHEBREICE » THEMH LT RIVFRREIN S, K 3.3TIT3R UK
VBRI T OREAHEA O/KRRBEICE T HBEEROFHITRmO NEh -1l Eh o K
W ToOYEE. BREmD S ORI ITAERERME T2, £ 2T HRET ORI EEER T
H B EE Utz Fio KRFEVBU SN B ITONENORE FHEENETEIT 50N KkE
DR HBFRT —ETEALIZ B D E UTUT OB AT - 720

J. Chevallier & [48] T RWIFIZIH U TIT » 72D & ML OBEFE A SR BT DN T,
Z D2 OIKFEORERISIZHE T, BERZEHA U, ROBEFBENAD IO EER LIS

N E, .
N exp[— tyexp(—ﬁ)] (3.21)
Z I Ty Novw N: ENENOMBIRE T OMRIGHIROKREE. ¢ MEEFHE. v BT
(dissociation attempt frequency) « k: FILY < VEH. T #HRE. F,: EHELxIV
FThHb, k. ROEHIZH2-> TR

1. RN OKFIRZFERAILRE T, T XTHBEZDOSANITS
2. IKFEOIEEAREIL. RN OKFREIZLDE /LN

ED 2 HANGE Utz ABFEICEOTIE. i3, KB TAITEI & - TRdIKE
BRI E TR D DI 72 2 &0 5. HFIT. EROKED BRI T
Bl EMSEFNFNHILL TS, (3.21) RIBKRROHEIZET T 5,
N E,

)

In{— 1n( } = T (3.22)

(3.22) K& D\ & In{—In({))} DT By MNIBERIZD D, € TH 338D, KA
FEQIN SN2 FEPUT LD (3.22) RET 19T 4 V752 EICE > T BNOAFLE
RET ~MITHIET BIKREEE Niv Noy N3 ZNHICIRE Lo, Bl DHEICL - TRDI
3 DORHBEROBTIAK 3.380FIFR TR Uic, HEREEHERFHEMEIMBED TLL—
BLTOB, 7. 3 DORHBEAK 3.391R L1z, 1 OMHBRIIMEED SIEE D 673
KABETIEEAERD D I H5LU I OKEBERITZNZTN 573, 873 K (HENSIEED
1173 K AHEE Thel T b, TR L0 M oRHERIZZhE N, K 3.33. K 3351 LIk
SiH,« CH, BEREDORY DR LR —HLTE, TOZ &5, SiFFCHET&
fae UTHE LIOKROIHHBERICENENHIC L TR EffwmTE 5, £/ 11, KR T



KFBROHHENALNBEZ EMNH. Siv CEFEBBEETINSHFOFR Y T —7 AERIZ
FHEUIOKFROMEBREEETE S, TN5 3 DOF/ERRBIZE T BKFRE Niv Nas
NziZZhEh. 2.4x10% 2.8x10%, 1.9x10% em™ TH -7z Ty K 3.4017 I~1L O
HBROT L= 270y MR, KO EIERREOSH £, Hfd In(—In(55))
ThHbDo FHALTRNFIIINSOERDOME L ORE D, 1: 0.079 eV (1.27x1072° J), I:
0.44 eV (7.05x1072° J){ T: 1.3 eV (2.08x1071° J) TH -7z,

N1 T T T T T T T T T T
Ny =24 x 10 em™8 1
ol ] ; 1 ) L : ]

400 600 800 1000 1200
NZ T T T T T T T T

II

Ny = 2.8 x 102! ¢cm™8

Hydrogen concentration

L l 1 | L 1 J L |
0=—%00 600 800 1000 1200
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Annealing temperature (K)

3.39 % SIS D iR & BULERIE R 0O BIR

K. Umezawa & [50] i 4 keV (6.41x1071¢ J) T H ET-ZEA L7 Bk & Si B X US4
fm S1 s EHIDNT . AIFFE & R USRI Tl EREAN TOMBIZ L D, KKREBED
T OBEEST > T b, ZTOFRER. A S1 B LU S IZE I 2KFO KT BEE
DEPAL TV FIENEN. 0.31 eV (4.97x1072° J) 35 KT8 0.42 eV (6.73x10720 J) T
Holze TNOOMIE. FFED T L D EF/NZODENEER LT 5,

IKFEDBHITH T B IE AL T R IVFIKREDEIN TS BT EEREIC L > TS
SZIETH D, SOORERISIIINGD D BAPNHF.LHNEREEZRIZLUTHEO0M5 Z
EFTERL, Siv CHEFORy M7 — 7 OEDIEB ST E & IR T 208N
H5bo
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3.5.5 FRIMNERIDGEE E/KFEEDRFR

Si HB0NT C EREE UIKFROBRER—RITHRIRBIIGED S (2.2) R 2HOTHE
TX b, ZBROKFBEEATET AT (2.2) TR U HBIER A, 25506808 H 5,
ZZ T, BEAT Py, = 0.33 Pa TERI U7z a-SiC:H EENIZE T 5 Si BLU CEF &8
A UToKFROBREA ERDAKRICE D RDZ ZENTEZED0SH. ZNODfEE 3.4.1 H
1Zah 7z SiH, 38 KU CH AR T 2 RIGREE &S 2 g 2 Z &Ik D A, =Kl
FHEREREE 3.61I7RF,

72 3.6 KEEERD 53RO 1RIMRRIGRIE D HBIEE A,

Absorption intensity | Hydrogen concentration As
SiH, 87.4 cm™! 2.8x10%1 ¢cm—3 3.2x10° cm—2
CH,- 295.5 cm™! 1.9x10%! cm™3 6.4x10'® cm~?

X5, ZNSD A, 2K 3.16. 3.18 TR LIfEBLEFD Py, &AL LIz 5B o0
72 SiHy CH RS A ITHHIET 2 RIMERIGREEICH TIIH B Z &L - T SiB LU C &F
A UTOKRBEAHITE 5, 5HEMBEELR 341CF EHTRT. KPE LSRR LD
D ERDA 12X » TROIHIKTFERE N,. 205 B Sil,. CH, TRUIZOMPEEICE - T
KDICZNENDIKFBRETH b, C EBELTHAEL THAKHKFIZLETOFHEII DT
2x10%" cm™ B TEALDEND, Si AL THWBKEDORIT. Py, DFALICHEL S
T BZ EDbI B, 7. Py, = 0.33 Pa Bl ETERLL 230N B0 TR Sis C BF
DFx v b7 — 7 NENZELET BKEOBEEIBD L THB I ENbh3,

Py, 2033 Pa LI EICT B ETS XD TIVT VS5 DAV (Ar*) ORDIZ & D sl



PMET 35, BEAEREICBEOTHETED ULMEE LT H, 5 F2BA U/CBR. AURE
FEDRNEEAICER D AT N A BRPEEIEL LA Z &Ik > THEARINB I HILY
AFNITL K B EEZ OND, T2, TOKRESEDERTIIKEFEFZ DAL (HY)
DENPEL L >TWDE, TOKEKRT VAINUDPBRERIICE T 2HEEGOFHVIKE GEREE
KE) ERAEULHAER LI EDBERDO—DTHSLEEZ SN S,
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3.6 Jt - EXEHELEERREE OREER

3.6.1 RERIVHAERLR

a-SiC:H #id. C ORI HENOKERAEE(NAIEE I ET, KEF vy 7
E, WHAITE 5 &M SEHINTE 7z, IEMENFERONEFEF vv 7 B, 13 (2.3) i
F-oTEEINS, LI ->T. K 2151IR LI Y FEFIITBNTIRILF Ey 95
Ec ETITEEN D RMEENIZ. HEF vo T E, KX BB LTS, 20D BEENHEE
PLEL TR 7 7Ry FMITHInd 280, S SISV BT A VNITIERS G RE.
BEADOW S XITRRTIHENDD b, L THEEOHFEFY vy 7 E, \ZEOHES bEE
SRR S B Z EDb B,

AWFFRIZH 1T 5 a-SiC:H BREEUEHI. 3.3.2 TR~ LD IT/EBEFD Py, 2L T
BEAND Si & C OMBHIC KRS BE TN 72, LT RETEELZD Py, T
THEBL U 7K BRBEDORILZFEEHI DN T, £ OXFRIIUFOBEIE AT BAITEAL
TIIKBRDOREE AP,

& 3.4213 Ty, = RT. Py, = 0.065~1.3 Pa TIEE L 7c3EHI DO TH S 72 BRI R
A7 MVE (2.3) ROBRICHE - T (ahw)? 5t hw OB TT By FLEZBDTH S, Zho
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Hydrogen pressure, Pgy (Pa)

B 3.43 XFF vy 7 E, & Py, OBF

DOEMZRY FINTIIEAREBNEE L THE D O R SMEE X0 B, LU BOED
KE B,

3.431% E, Z/EBIFD Py, il LT T oy LD TH S, E, 13 Pu, 74 0.46 Pa Ll
TOMEETIE. Py, OEIMZAEOEM U T 5032 L EOFEE Tk s &R LT
%o FI2K 3.4412 B AHAVEELRFD Py icxiLTF oy M LTHRT, B EE (24) XDk
1NV iR AE(= E¢ — Ea) OFEIZHAIT 5206 B ORI/ SV FF A IVHOK
FaZEEDRAITHIE L. FEF vy THROERELOK 343 © E,OFEALEFIE LIS,

INho BB LU BIEDOZEALD 3.4 fi THlBRIENOKEERS LUOBEEHNORT & X
WHRBEDS D D . EIEMNICEBAINIKENS > 7 ) VIR FEREEG LU TR T & LTEE
BROEEN OB ELED Sl &L S SITEAKERICL DERNOBEIZEZRENEZ SN,
N RTFANVHDERNEN SIFD LI 2 L4 ORBR LTINS,
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Hydrogen pressure, Pgy (Pa)

K 3.44 B & Py, ORIR

3.6.2 ERABESCEHKE

B4 3.451Z. % O TIERL U7z a-SiC:H # BRI O HiR BAIEEE OREIRF L R
T A o OF AL BEEHEE T OFH & UTUR U, 2 T T~/ a-Si:H
IR SRR, SR SERRAD 2 DO TENETN 1 KT DEBRHGIT S I Ehbh
Bo UTeddo Tl AZEMIIIEMALE T h 2 DEEHEBIC L - TEMHIL TR IVF ORI S
2 DDEINH B I EDDIND, Tl Py, = 0.33 Pa OB EFER TEEEIVNE L
ZED S| RRICHE T B REEMEEINI NI END 5, (2.6) RHE->TINSD
FEHALTRIVFERD. K 34612 EHTIRLT, (a) Exs (b)E, BZNEh&ERM. 1K
BADIETH 5,

IS DIEEIT. 2.3.4 BT (a)~(c) OIEEMHED ENicd iz b, a-SIC:H ITH
WTN Y MeBOEHAL T RIVF (Eg) 3XEFEF vy 7 (E,) OFFHFTH B I EOFHREX
NTH3 [5l]e AWFEDBE. E, 138 2eV E36.1THTRE-72DT. Ey 1381 eV &
BB SN, B EE—B U, (a)(b)(c) DIRICERMITRZ 50D T E, % Ey X H/h
SN ENS. ARRICBOTHE LEERESRMNCOOHTIIE (b) O/ FTE£TOIR
BTHD, ARRBANI DT (¢) DT 2V I VRNILIES TORLHE Ry EV 78 TH 5
EOhB, Lich->T.

B, = Eyp=Ey—-Er+W; (323)
E[ = E03 = VVQ (324)

&1L B,

I 5D a-SiC:H HEFHHOEF A E U HIE (ESR) Hkic L2 BEDRR. BHOY > 7
V3R NEEIZINE an P BETH LI &b -7, BIAGEENN 473 K LT O
BTN FMEEER S -12DIF. 205 7)) V7R REBEENREIARX D
Fizk B,
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3.6.3 3  BEEMICEZBZKEOHE

BT~z & 510, AP TEEL U7z o SiCH IO =R S 473 K AFEE TOEK
BE(FEEIISREMI Y K2 TOEE, EEMTIE T 2V 3 LAULIEE CORTE v
EL R8T H B Ebhotc, T )b LAUVEBORKHERIZY v 7Y L7y R
L BEDTH Y. ZOFHIE 2 DORREDIE (E) 720.2~03 eV THEM S, 5
T IR Rk BREMOTFIVEEN 0.2 eV L ETH B 2 Edbing, E@aMT
DIEEDEHALLRIVE (E,) 15DNT (2.8) (2.12) RED

Eow—Ey, = Ec—Ey—-W,;
- AE-W, (3.25)

L7Be ZITAE NV FFZQEND TH B, & 5T, a-SiC:H BT DNT By ~ 22
ThoTeho

AE—Wl = EOI_Eh
— — B, (3.26)
L7835, Wy BAWTH 29O E LMERDNSZODN, (3.26) ROMEAERD S Z LT/

FIZIcBT 2B EOND, K 3472 (3.26) ROMEE P, it LTF oy P LTRL
720 Pu,M 03305 1.3 Pa TTEAVNEL, ENUTIZT B EJENAHTMER LT 5,

1.2 T LRI | T T T T T T T°T '
a-SiC:H
5
L 0.8 \ |
5 L —o
% 04  Par=033Pa il
T, = RT
0 MR | ' L 3 oo
0.1 1

Hydrogen pressure, Py, (Pa)

3.47 /N R 9 ZiEDIKFRS EARLA1E

T EZITREEHOME. BEADWLELENVSIEEDVTAIZLEZ LD TH B, 2O
KX OFEEDOTHNDIIOEL Py, = 0.33~1.3 Pa TIERITHIEHE SN S Z Ehvhh
%o ILICHIE TR/ LD I, ZOERTIESI. CEFOELL ELEATTINSE
FDRy T = NICTFET IEEEKZOEBVWDIVEEIH B, LEN-TEEDHS
EVEEREZEHE L TR TS XHD Ar SUNIVOEEDITL T2 2 & TRIBEERE %8 <
Us 20D KBRS VAIINOREHET I ETHEAEREICE T 2EEDH[UOIKEDOT v F o



TR BT 5 2 EIlk 2T RADIEREEGKEZRD L. BEADOVT ADPITOEK
DMERTE . a-SiCH FRDE - BRAEEM ET 2 I ENTEIEHERTE 5,

3.7 #5 =

BRI Z Ny 7 U THRICE > TERL U a-SIC:H #IEIZDWT, A —Y 2 BF45
oot (AES) 1 & BT, EARE TEAMEE (SEM) 5 X UEAEFIAME: (TEM)
% O TR B 1T 5 7o Fo. ARSI, BRI T-H: (ERDA) AW BERO
IKFBEDORIE S L UBIEIZ L 2 BEPIKEROBRHEBBEOBEAITH 2 Hick - T, ER
DIKFR DR EARET U, S 51T, ot - BRUFHE SHERMBOBBRIZ DL TR AT, LKL

1.

TN BoIERESNET S,

AESHIEIT L » Ty BEAIZ O N L EDOARMME DIRAIZLNI Ebhotz, &
7o RN OIKFEBEAZDHEM B L OHERIBE (T,) O LFIC L 5T C ORI R
PTBHEIENDh T, THE. BEREERICBEOTHEFC B4 LEE
RHARET B EA RTINS,

ERDA HIZEIZ X O BREGHDKFEBREZAN TN Ebh -7,

IR AR MBI B SiH, #E50 Y — 7 LB OFHTIC & - T SiH a0
BETHBHI b7,

BRHBERED Hy 0O KIHENT S X< DIKES DANOEIIH K L. ZHITeEN
RN OKFRBEZEM Uz, EZAD, 033 Pa Ll EOE Hy, AETFTICHBOTIEHIKE
FIVANNEZNI DL S TENOKEFRERZRBD Uiz ZORVDIFEAEDSI
BEXUCHEFDOELLEBEALTORIIKETH -7,

- BILER N U 7o B O RPN AR FIVORERRE O, Si BT LU C EF

EREA UIoKFRITZENEN. 6730 TT3 KA EL O FWEETHRE Lz, — 7 Si. C
FYESEEET. TNOEFORy b7 — 7 NEIZEET A /KBIXMEEE X O I
L7ze

Hy 47H: 0.33 Pa TYEEI U7z a-SiC:H BEIEP OKRFEEIL 7.1x102 ecm™3 TH - 72,
ZDH b,
Si.n CEFOxR vy b= NEIZEE LUoKkE: 24x10% ¢m™3

SiEFEREE UIzKE 2.8x10% ¢em™3
ClEFEREGUIKSE 1.9x10% cm™*

DEETHLI ENbh -7z, £723 DOFEREDOKRFZOKRBIZEIT 3 EH{LT
KIVFIF. ZNEh. 0.079 eV (1.27x107% J). 0.44 eV (7.05x10°2° J), 1.3 eV
(2.08x1071° J) TdH -7z,



7. BRBELAMLEE OBEREHIIFEHAR T, SEEFERICEITE/N NT2TOE
EEKEEEICEITS 7 2V I VRIVEE TOREE R v E 2 TEI2ahiiz,
Hy 3EAWGTIETTSIAHFDOH SUMINABL, RBEEEAEL T3 &I
FoT.SIBIVCDRy b T — 7 HEICHELLET BKELZRS U EEIZENT, N
VR TEDENMPED Uce ZHITEOREF v 7 (E,). B . LS5, Bl
BRAGEEOBEREHICE T 2EMIL 3 VDM UIz, bbb, )b - B4
DB a-SiC:H FEEIMESLIT X 12,
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a-Si:H/a-SiC:H @8 FEHEDHEE

4.1 #& =

T EIVT 7 BRI BRI HEARE RS OARAENEET 72
. BB OB FESDOEZEDIRIBISENIN. (LEOHAEE OB FHERAIEET 5
ZENTEBIEDRKOFEER S, L L. BRERFEEFONT o RmIZIIRBORE
BRICFER O GEEBEOENVITER U T, BOa L0 2 OBERMBOIFEEL TS EF
b, TNoOREXRMIE. WHICKETHEBEZRITTIH. TOREHEE Y&
DOREFRAZPE ST 5 Z &ld. TEINVT 7 RFEEUROIE A AN 5 72D 721 TR L &tk
BET/NA REHBTAEEADO O LIEFICEETH S, EBEPORERMIT. HEOKE
BUCBRO B . BREBRICERUICHEDISETH S, AP, ANy F Y U7
& o TYEBL U7 B I O s R & RAR R CBE 3~ 2 98 [53] BB IR O alik
REEC SRR B B HF9E [54] I3 B 0. TEIN T » R PERBRTEBRICE T 55
T2 OIEEREEICER U TEHEHENMEINS Z ENOIALENTNSDONEIKRTH
5o LI, RIFNEBEFEEZH 1213 D EICMA TRIEAEICEEd 2 BB ER
LT, EEOEEFEOKEELED S ZE. SBEANToOREEERT S I 0 LTS
N5,

Z ZTULDO RIS KPR T 2 mRKEESEE &2/ Sy 7Y V7RI K -
TYER U7z a-Si/a-SiC B FHERIC DO T, A — Y 2 EFHEHHT (AES) i X 0 FItED
S AAT D T & AL o F U TR O TORFEEMERNIC L AR OBERIC L » B
THEBRERREH ST 5 2 & XKB/NBERICE D EANT o A @O 2IEMEO SN
EITHZEAHME U, THIT. BR2ETRRN/ T aTIAA L E-LRNy 5 ) 7
BEITL - TIEBL L /2 a-Si:H/a-SiC:H BHE-FHER O X BIITEIE 4T - 72,



4.2 EERAHE

4.2.1 BRTFEERESMERE

a-Si/a-SiC B FERAENT. B 3BTl 2 TRIKEESRE B2/ Sy ¥ 1) 7%
HBIZ L - TYEBL U720 a-Si B k0 a-SiC BIEOMESIZIZ ZNEh. G Si (FE; 99.999
%) 35 £ UBEEE SiC (BEE; 99.9 %) D5 —4 v MMz, Ry 7Y Y IEED Ar 4 RFE
712 0.33 Pa (2.5x107° Torr). SEKREHZENEN A0 W BLT50 W & Uiz, Fike
FERRITIE Si (001) &7 = E R, EREREIIERE Uk, 5. M ORIt
TICHIF B a-Si B L a-SiC FEOKBEEEIZZN LN 0.235 5LF0.125 nm/s THH.
BEDIRIEIZ. ¥ ¥y & —ORMARRE & &FEER T ICEREZE < BRIZL - THE U7,

4.2.2 I oyFVIEONFEEMERESE

INE TEBETHECHEBENIEHRIEAE TR L AMRBIENELLDTH -
7o LD U TOBEIZIIFRIDDN S, £ 2 TAPFE TIIBEELBEHEE LT, a-Si &
a-SiC DILZEMNREWUDENIZEH U LFL v F V7B OB FEREIN 2 b7 RMEE
TEET 5 HEEMRE L, =y F 73, HF. HNO; & U CH;COOH % 1:10:1
DEETRAELIZBDERH N, COTyFUIRICELZ Ty F U FEERBIZL TR
780 a-Siy a-SiC TENE N, 200 nm/s X 0.08 nm/s TH -7z, 0. BEITIT. KK
SRS T EEEAMER (B AOLFE TS NR U —X) 27,

4.2.3 X #/NEBELE

FARIT UTRE S FICATHEREANE OB FHER. X REPTIC L - TRl T
E5o HOWBROBRTHEEICEOTIE. ZORAMISERLUTUTO 2 EHO E—
7 BE NS,

1. BREFICE BT S v =2l LY TS/ rE—2 [56]
2. ATREBICES AR E—2 [57] [58]

ZDH B, WFEETHBICHNS Z EDo—ROT=_F A =7 E RO BIEIC L DR[FET
HO. E—7 OO SRBEEFAmMOREHEEME Z ENTES, LML, TEILT >
2R B BB O TER ZOFABOY 754 FE— 27 3EEITE 072D, VA
BICRONZBEICIDFRBLENH B, Flo, —RBICHEREGED SOl X 52508
ENZ ENSIEFICHMITTH 5720, 58 H7E X BRIELDNHETH B,

X - TERPIE T, B TEEORN S84\ T 0 REO2R M43 M3 5 /oI K 4t
eFERZ RO, X BUNABETRIC X A BIE AT - oo AR THOIOEER (B2EEL
Cat.No.2203E1 JB) 2K 4.11Z7R9 3 RV v MEERH L. WAZEIZ~20°. Ao w6
3#) 3 TH otz F/o, 380 X BIEE UTHEHFEREL RINT1500 % At CuKea (40 kV.
200 mA) & U7z BRHESIZ Y v F L—v a v vy —% R,



(a) horizontal cross section

1st slit receiving slit sample
i 2nd slit 4th shit

L 1 ]
T ><
: x | |

| L//S;d’;; X-ray

souce

(b) vertical cross section

soller slit height limitter

L 87. 240—270 455 | 102 .} 85130
1~ EAN T ESAS ESNS

4.1 INABELRIE I WIS R

4.3 REHWROHBERRSHT

4.21Z. [a-Si(21 nm)/a-SiC(18 nm)]s (X 21 nm D a-Si &JEE 18 nm D a-SiC E%
1 EE U, 55 BIAREE) B TR O AES IZ X 5 S A OB T#R T2 7
HEEN I B ITCROBIE. B Ar A1 A ViICKk BT v F U RETEEZRZRED S ORI
JEL T3, SiBLU COREIZZENZEN. a-Si BLWa-SiC BITHIET BT v F 7k
M THRRZ & O, B FEEICRR UCANNEREBNEIEN S, =y F 7 RED.
a-SiC BOF N a-SiBLOEL L ->THEDIEHBO Ly F L FHEDOENMNSTH S, &
fos Ty F 27 RREIDN 2500 s DI T, SEUS STREMEN L TH S0, JHidTy
F UM SIEMCHE LI &R LTS, ‘

P ED#BS T & D FEBLU 70 FEEGEHI B O THUIRIE S ICZEA LT S
ZEDbhB, LHUEFRAETHE. Ak LU OFBHEICE LU TORLSLEBEHREBF SN
AR

4.4 BRFBEICEET DIXME

4.4.1 I oFVIEONFIEMBEHER

B 4.3 (a) I2« a-SiC AREECEH (95 00 nm) % 180 s T v F 2 7 LIk OIEEE DI
WEBEA T, (a) 113, ADENESHOFEROETIMIT > TH D L. H5B0H
72 SiC HEEBLT. Ty FEy MIEZ 3, ZOTFERENEREHERINICE UL
55 (b) TH Bo (b) 157 Ltz & 9 12— VAR DBYINI KK A58 LT T o F 2 7 HehsEE LT
SiERICEL. 22 TEy MEERLELLDOTH S, £z, Mz v F > 73 Si(111)
F U CETHIRT o F L /AR B7ebIcET 2 v FROEy MTTE TS, X5



. , . [ ,
Si substrate
%
100
= 80
=
.8 60
2, 40
=
5]
O 20

! !
0 1000 2000 3000
Etching time, T (s)

4.2 [a-Si(21 nm)/a-SiC(18 nm)]s (EX 21 nm D a-Si E/EX 18 nm D a-SiC &% 1 FEHF
& UL 715 BINHE) B FEEEE D AES 1T X 28 S FHOMASHTH R

50 # m

[110]

L,

[110]

|| aSiC(90nm)

Si substrate \/\x [001]
[111] (HE

B 4.3 Ty F > 7D o-SiC BB OICIBEE (BF; 90 nm, v F V7, 180 5)
FUFE - HEOBRE



IZ. By b EIZE 572 a-SiC HHEOBIT B RENOEHOBREISHIERIN/IZ &IT X
5H5DTH5,

4.41Z. [a-Si(50 nm)/a-SiC(9 nm)]s B FEEFEZZN TN, (a) 10 s, (b) 20 s,
(c) 40 s T v F v 7 LB DIFIAMSBEL T T EOFRIZHN L D0 DOR.OGHRD 3
YRS A MDBLNDE, TS (d) ITRTRRIC. BRTEREPISEET 5 R — VRO KRG
ZBUT. Ty F U ITBRPBEROFNEEL. ZORMBAEPLELTT Yy F U THEDRE
W a-SiBOWMDBONI.SDTHEEEZ NS, THROBROGHIROT Y P X FOE
B Ty F UL TRESNI a-SI B LD D 2-SiCELOEFRITHIEL TS, &
CEIINETT a-SiC HEE B LT EL o DRI S, BOWENEL D, (a) IXERED
SE2FHMHL. b)) KOO TIRE 4 B H I THOHRTE TR I &S, IHIT(c) i
DT, Ty FUUMNSIEFICEEL. BIEERICEEBRRIC—K Lca Y PSR PR
HoNnb, F0INSDEEIIBNT. Ty F 7 INTITE - /2% a-SiC BIZIEERES
MICZHOBHEIPEL TS, ZHUIEFORERFICHMVHRIN/I I EIZL B,

B4 4512, [a-Si(12 nm)/a-SiC(2 nm)]so WM TR EZ ZNZ . (a) 45+ (b) 65+ (¢)
B Ly F 7 UBRONFHMEBE Y RT, $5EICENK 44LELEFROCHIKRD T 1
VB 6B, ZNITBIRTEEFD a-SiC BOBREENENIDHDIZ. Ty F oIy
F 2 TIEIEOBIEOBRIT a-SiC BABREINI/H. BiE) (d) OIZE-cbDEHZEZ
55, THbLE. FEERORIGHRD S A it a-Si BOBERIZHEET 5 12 nm DR
IEBEDTH B, AFRITHOREEMSTEHEMEOSH G RIEZEDSFREDRA
3.5 mm B TH B I ED S RERISFRMEDOREN ZRSITTIEH UICFRTH S
EWZ B,



( d ) defect

[ [ a-SiC

a-Si 1T
(50nm) | 1 ¢ ! (9nm)

Si substrate

X 4.4 [a-Si (50 nm)/a-SiC (9 nm)]s BHEFERD T v F > 7R OICIAEIEK
Ty F 7R (a) 10s. (b) 20 s (c) 40 s
(d) WrmmBE=x



S; a-SiC
&l (2nm)

Si substrate

4.5 [a-Si (12 nm)/a-SiC (2 nm)]se BEFERO T v F > 7 OJLEREIEK
Ly F K (a) 4s. (b)6s. (c)8s
(d) WriE=X



4.4.2 BETHEROREHEELIBERMEORERK

ZoRy Y UTERIZ X > THEBL U 72 a-Sis a-Ges a-SiC T 4 BEALRIERE BTG IE
D REBERRICET 2 RIS B EE O KR AR AR RITHNTIEEIZD L0, 20
HTHE 52l 1. RNy 7 ) U ERTIERL U 7z a-SiC 3B KU a-SiC:H D i@,
EAETE - BEEIRHEOEZIZ L 5T, zone model 1IZHEH Z EAHE L T3, ZD zone
model i3 J. A. Thornton [53] 2 # ODEBHIE L EEPA T AEM LIV y FERIZE -
THEB L. FBIREEBS LU RNy ¥ H REPREERICKITTEE 2 RBENICE EH7CH
DT, FEx OFMIRE % (Tm; $HEIORELS) & RSy &7 RETIER U7 BUE 25~250 pm
O EEFEEE OB M A LFRMEIC L > THE L. £ OHMARKEE TTAZ ERINy Z IR
EaRF A= EUTADOEBIIFT I bDTH S, KT TIER L7z a-Si/a-SiC B
TIERE D BIES M E Ar /7 A 0.33 Pa (2.5 mTorr). ZEARIEEZER (% =0.1) THOH. Bk
RO zone model 1IZHE->TU5 &9 5 ERkD 5 WITEHEIROEEE L ->TWNE 2 &
1278 %, X 4.6 RO IR OMEEE & > TOH AT EEMIR L2 DT, (a)s (b) I
zhZnFEK. Mk Th b, ZOKEHEETIE. KT A B TR UZZHEOWERIZ L
PEWEETHETIEE > 7IRBIZE > T a2, H A, BABELTHAFETIEEON
ICHNRTHEEDPANRETHESDEE DR B ->T0EEEZONS, EHIT. (a) HIZC
TRUIC3 DOBEDET B L H XA TE. H AL BORTED bALEESHIEIZE - T
WBEZZOND, LIch->To BEEICH UTEBEICHAZINSORMBIZT y F 2 7K
I UTHERITRINPLTHES &R DL K 4.3 (b) IR L7k — RO RIEE LT
i, 51T K44, 45 OREGHFOI Y PSR ML v F UL - TERIN ST
®iTid. K 4.4 (d) ISR U7CBRICBE THEBIC R T 2 BB DO R — VRO RBGIEE S 1811
7L > THREL. FIEBISBERBELZEVCTHEAET ILEND 5, JUTEBHKTEE
BT, FBETHOBERBOBEIZR S > THRETEENI T EERLT S, Y.
Endoh & [54] i3, Fe/V BT HE O X BREPTAEI O EBZEE RO SNILIER
2B THETAZEEFREL TS, THIRIEAHFROBREFE UL TS,

defect
AV

substrate

(a) (b)
B 4.6 KERHBEE & 5 IO




4.5 BRFHEEROREIAES

4.5.1 Xi#NEEELAERER

B TR ORI I & &N T o AEOSUERTEEZ R 5 72Hic. X BR/NERELEIZ K 5
BIEAAT o720 B 47121 [a-Si(14.1 nm)/a-SiC(7.5 nm) |8 FEEGEHI B 1 2 IER
RART, RMEITITE O L BN SRBEERF DEEEZ WD T, HEtoREL
3B 2 ETEKL 2 0 DIEFITNSIEHMO SWEEITD ZENTE I, TORR. K
O ZR7 MVITIE, BREIIABEICHEEKR L2 1 ROETE— 27 280.58 ° (TEICR O3S
DOEIFIULH. 10° TTOFMIC 23 RETOMEFE—-I DR ONB, T HIT. KIROEHT
E—7i1ZBIF 23 EEN0.1° UTFTEEOLHTHRNI E 6. JOBEFEEREOZENT
DHEAREIFERICZRTH L LEZ oML, K48ICMEDT S X< CVD IT & » THER
L7z a-Si:H/a-SiN:H 8B 7K (FHHE; 7.4 om) 1267 % X BEEFEES R AT [55]0
ZAUTAFE L RIBRITHF 8 I a-Si:H #2708 B TH 200, RIFPITE 1R
OHPrE—I DR oNBEDD. 2. 3IRDE— 7 EBEIIFEFITNI NI Ebhnb, HEiE
MEOHMAEDLE R LURIENRL S D THEEISIIHETE RO, AFFRIZHTE
ROE—7BEIBIFFEIT/NSI NI LD SEKRPIERTrERL U7 B TR TR B ENT o R
mhFonicEER 5. ' '

I I 1 I I I I I I

9
3
1
~
> 4
= X 10 X 200 X 2000
: 6
E 8 20
= 15
23
5 91
Wehzhi 1
0 2 4 6 8 10
26 (7))

4.7 [a-Si (14.1 nm)/a-SiC(7.5 nm)]so BT RO/ N BELIIER R

INSDEIFTAZ 0. XBOPERE A\ 1oy~ BETHEORRANZ A ET5ET 597
DOFEHAARIBZRATERE S,

24500 = n1Ax_yay (n=1,2,3,...) (4.1)

ZONTHEPFTE—7 OMENS. A ZRDHBIENTE S, K49 IZKHE—7 D 5RDI
AZniZHLTTFoy PUTRT, n 26 LLET A B—EDEEE->TED. FHLT



1 CVD

(a.u.)

2

=

3

NS
. 3><40

ILI/;‘M}A/M| ]

0 2 4 6

26 ()

K 4.8 75 X< CVD HEIZ L » TEBL L /2 a-Si:H/a-SiN:H B 78K (FE; 7.4 nm) O
X BRERER [55]

21.3 nm E3KFE o7z, Z DMEIIRIEROREMTH 5 21.6 nm EFEFIZES —H L TH I,
RIFFTITHOIZEE THEME R B FBEDMERITE /72, E2A0n 106 5 DIRIR
OEFE—7 T, A D/NEILKFE-TN B, T3 XEIMWEIZH LT XD THh
NS (n =1 — 0 —if (0n f IZHEOER)) 5D Eh 5. BllEH 5 E
20 EREIN TOME 20 ORIICIIEITFIRDIHIRATRINS A DENPET BT
HTHB [57].

A= fg= 20 - 20 (4.2)

sinfg  sinf

L7223 T BB FHBEDRMIE A & X BREPTIZE > TRET B BIC, ERROEIFE -
PENSHEHT S5 ERBERTH S, LM UEKROEHTE—7I1ZD0 TR, fEEISHHE
TELR/NESKBDIELWVEREES5Z T3,

4.5.2 1RTRAXT v TEFIVIC K BEBIRFEEDREHT

4TDOFRERN S S SITFE U A HIBIE LGS 975 72DIC, @ FiEh OMRE R~ £
TS B, IR OMERN e THEEAMICOAMBERAE S DbOE L. /ol &
RS A E D ERET S & BB MO IIREERMEEISEMUTE, REHSD
Bk 2 IS SELEE p(z) IR 4.100L 1 IRTCDRT v TETIVTRT I ENTE
5o FEEHIMEOFEBFEREE pas pp EL. AL BEEZENZNES M. Ap T2
THIZN BRAENRCODOT, BB TRBEORBEII A=+ )5 &85, ZOETFI
12k B EEIERE X BROBITRE 1(Q) BRXTEZ 55 [59)],

1(Q) = Ln(Q)IF(Q) (4.3)
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In(@) = Fm%fr (4.4)

FQ) = [ olz)exp(iQe)iz (4.5)

T Q—AW“M IFEELANR Y MLVORE X, Ly 357 B, F(Q) 3EMER T T
HbB, £l 0 iXﬁ@ﬁﬁﬁE\&rWixﬁmﬁﬁfﬁéoébkégﬁﬁmgw%
/% (45) ﬁﬂiﬁ(@i 7 L—f& Z)o

FQF = BIa(@)+ RLs(Q) +2/afo {La(@La(@} cos (52)  (46)

sin (’\ZQ>
L(Q) = {2 (v 4, B) (4.7)
2
ZIZTf Bv EFOXBITNTSEFHRERFTH S, oI, AHRICRATEES
HIRAGHEDDSEEEZ B, ,
exp {—(A—?ﬂﬂ)—} (4.8)

ZIT, Ao B FEREMIE. 0 BIBEERETH S, COWSERHEBE. (44) RDF Y
TRABUIIRAIZZEFE T E 5 [60],

1+ exp (_N 622622) — 2exp ( . UZQz) cos (NAoQ)
1+ exp (_—Ov—> - Qexp ( _O,_) cos (AoQ)

(4.9)

In(Q) =

AT TR a-S1 BE Y a-SiIC IZBIFBRETFEHELATEZNTN fo BLU (fa+ fo)/2 (2
TN fois fo BENZEN S, CHETOELRET) & UTEHE L, K 4.11 iZ/haE ol
P RARY FIVOFERRETRT, (a)~(e) IZ3ZNTh. EBERZE o OMEH 0~1.275 nm &
EALLIESDRRTH B, £y AbET 22 OEER LI, 22T AA BA Y RS
HOXMBEIRTH D 0 EIRADBRZICH B,

AA = 2VIn2 o
= 167¢c (4.10)

ZHRREHIKT B &, (b)~(e) DWOLELEZ TR TREBROE—71ZIEZOMEN
WA 5 EFHITEMERIHR LTS, T2, 0 DENKREX L BIT U - T O
FEHEIZL 0. (e) 0 =1.275 nm (44 =1.0%) I DO TIEROEIN E— 7 I3 E#ERFO
RENZBN T HIXPHERTE 00, K 471278 Urc/DAEELRE R R I8 E P& Ic i
KUK 2BRETOOEFE— I DB NI EN S, RFFFRICE T 5 2 STRIERHE & 5k
WXy 7 ) 2 TEEIZK > TER U7z a-Si/a-SiC B FEEICB TR 0 =0.6375 nm
(B2 =0.5%) UTFTHBEEZ N5, T5IT. 0 =0.3827 nm (42 = 0.3%) DHFADE
REDRIE— 7 OFZEMEIZ. EREREIBO—HERLILIENS. OB TFHE



(a) 0 =0 nm
A =0 %
~
bo,O 23
LI B N, I L1l
(b) 0 =0.1275 nm
AAN/A=0.1%
~
bO.O 23
| [ | ] ] I ] |
(c) 0 =0.3827 nm
AAN/AN=0.3%
—~
bOD 23
L N N B N L1
(d) 0 =0.6375 nm
AA/A=05%
—~
20
<
| | l i ] ] ] ]
(e) 0 =1.275 nm
~ M
0
<
R N B N L1
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BT BAPROWS XIZ. A =213 nm £DYAA=0.064 nm ERE D, FEHICERHETH
HEOHRBENERTE TS EHERTEX %,

BRIT. B2ETHW T aTIAF E—LRRNyF ) U TEBIZL > TERL L a-
Si:H/a-SiC:H 8#-1-#R I DT X BEFTAIE 21T - 7R RIZ DN TR S, K 4.121,
Hy £ V7 O%M% Qu, = 100 ccm & UTFERL U7 [a-Si:H(24 nm)/a-SiC:H(24 nm)]s
BTN B 1 5 X BT ORIERERERT o 3.5 °F TOMIC 19 RE TOEPT E—
IR ONG, ZORREI. MBEUHOEFERZEZRAOTICWELIZbDTH D, Fiz.
LTNITR U E ARV EL 57O BE S HEIITE L0, LM L. SROET
E—r0Bonicl &0 o, K 4.TITR UEE ERBRIC A IO 2R 7S B FHENT O h
TeEHATE 5, K ABICAMRICW S XEZE LI 1 IRITETFIVIC K BETEREERT,
19 R&E TOE— 7 3BEDOHEHEMAD SHMT LT o =0.207 nm (42 = 0.1%) BETH 5 &5
ZoNb, LIch-T, BRFAEECETAHAMEOWS X, A =48 nm LD AA=0.35
nm ERF D FHARICBI BT 2aTNAA LV E-L RNy &) o FEETHERLL BT
HRICBOTHIFICERETRMEOHRIENER TE T A I Ebd -7,

3000k [a-Si:H(24 nm)/a-SiC:H(24 nm)]5_|

Intensity I
[\
S
S
S

—
e
o)
o

K412 FaThAFA D E=LZNy 5 ) U EEITE > TR L
[a-Si:H(24 nm)/a-SiC:H(24 nm)]; B FEBEENZ T 2 X REFTHES R
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4.6 5 =

2 TR A AR R Sy 7 1) U FEEIZ L > TERL L 72 a-Si/a-SiC B 7K D
WTS A — Y 2 BT (AES) 12X 2 IO FHE. LF v F v 7% AT
s & AR O BIER., X 510 X BUNEEELEIC & 28T 0 B O 2k O SHE A
TN TSI, TaTlA AV E—LZR/ Ry Y ) U IEEIZK > TERL L 72 a-Si:H/a-SiC:H
B T-HEEO X BREHFHE 1T - 7

BONIHERIZLUTOBED TH 5,

1. =2 2 BFHIEHTIC & BBIRFEEOBE X HF IO ITIC L - TBEF-DEIRA
SRR Uz RO Z el T x 72,

2. B THBEAMBEICFHME T 2 HEE L TLEL v F U V2 BB A S Uiz, 1k
FLy T VT OBROFEERE ONFEMERHZRICENT. ROk M5 X PR
Roniz, BHE 14 nm OB FREEDERTX /22 &0 6. REIEIILFIAMEE
DReSIHTHITBIEH U FBRTH B ENZ 5, FRROHKROIT Y FSX MBS
NIz EM S a-Si/a-SiC B TR O E B S HERR I > T B 2 &y
oM. FEIRI THOBEBEOEEIZR S > THRET 5 Z &b » 72,

3. [a-5i(14.1 nm)/a-SiC(7.5 nm)]sp A& FHRO X /EBELAEIC X 2 BT AT B
INIZiZ. BBFORINTER UcgibOir E— 27 2323 IRE THBII /2, 1 IRIEX
T v TETIVIC L 2 BEREHR & BB LR, TORMEDIES5D%130.064 nm
ERE o720 L72¥- Tl 2 TRIKEESRI B B/ Ny &) U FEEIC L > TS
L7z a-5i/a-SiC B FEBICE T 2 8NT o REIEFICRB T, SRECEANE
DOHFRNERTE TS LR TE

4. TaTWAFX VE—LR/ Sy &Y TEBIZK > TERB U7z [a-Si:H(24 nm)/a-SiC:H
(24 nm)]s BHEERO X BREPTHEIC L O, BETFOREBNISER UicgibEhr £ —
719 RETHAM NIz, 1 IRTCRAT v TETIVIZ L AERFTE & R Uik
R ZOHPEOIISDEI 035 nm ERFE 57z, L ->T. FaT7br4rE—
LZR 0w &) T EEIC K > TYEE U7z a-Si:H/a-SiC:H B FHEBIZ DN T 8
THREERHEFICSRT, SEEICANROFIENERTE TS LM TE S



/’rh-5::£r_

=

a-Si:H/a-SiC:H #18FSRDEFH 1 X
R

5.1 #& =

BRI R T o v v VIBIREFFDOBBFHEETIE. NIV MR E RS - LB TSR
DI DU RIS WE AR ITAE Abeles 5 [61] [62) IZ& D TEINT » R JEBIRABTERE AT
JE U7-#i&E BT E RS T I ENTE. BRFEARERBRIZT SV PRI ORER S
BA7RTIEMDHERIN. TENT 7 ZAFEERBRFERII T OIS HBEYDZIC. B
ARiBAR PR & L D P OZMIRIBITENI NG Z &0 PRI, HEHAESIC
BB FHREEDBOND Z EWRFTE S, L URBEAFEOMEIZL Y. BT #EICE
NWTEIEEATFoDREIRICS NI &, i, FBOEBRITTEOHGHEHOE O ICER L
T ANTOFREIZBONTHOEHS & D 2 OEERBINEET S Z 00 BLwllh Ok
BABZZEIHLL, £z, BRFEROYEERTIT I LT, Ny NEEEZMS
CERREEFETHAIIEIDIDST . FOMESNIE A7 FERIEE O ONTERI%
HOENEEGD T, ERERFTEIETH S, X610 KRILLEOTEILT » HEIK
I DWTOWERANIIL U,

AR TIIE 4 . oSy & U U 7 HRIC L » THEBL U7z a-Si(:H) /a-SiC(:H) #8774
RiZB T

o JRITEAIMMPBONG Z &
o SHETRMROHMMBNTES I &

Tz, LTz - Ty B EET VA ARVFTE 5, AETIE. £7 a-Si(:H)/a-
SiC(:H) 2 IR Z/FBRL L. BEZERIDEEF0EHE (UPS; Ultraviolet Photoelectron Spec-
troscopy) % HOTMETFHRID/ N FHEEEFHE L7z, #2T a-Si(:H)/a-SiC(:H) B8+
HRICE T B HFERERDAEEIT O BT A ARROFHHEIT - 70 S HIT—IRITHE
AT Y v VH P ZRGE UM EZITO, EREREMERA T LICIDF ¢
U7 ORINEE [27] ZRDIAERIZ DTS,



5.2 FEEBRAE

5.2.1 BEBIRTFEREMERRMA

a-Si:H/a-SiC:H B8 FEEFENT. 55 3 BT/ 2 STREFRE S B /%y Y
VIHREIC K > TEBRI U7, a-SiH B LW a-SiC:H BEOEEIZITZE N T 5 Si (F
BE; 99.999 %) ¥ L UMERS SiC (FEEE; 99.9 %) 7 —F v PRV, RXw &Y U TRED
Ar B LU H, 7EIZED 5 $ 0.33 Pa (2.5x1073 Torr) & L. RBAH A TR Uiz,
72720 IKFAL LTS a-Si B L T a-SiC fERIEFIE. Ar DA (75 0.33 Pa) TR/Sy 5 Y
VT EAT o1 FEMUREEIIER. F—7 v PO f BAHILSE 40 WL SiC; 50 W & L7z, B
LEDOFEETTOABEGEEIT a-Si:H. a-SiC:H TZENE4 0.235. 0.125 nm/s ThH . BEED
HENSERAERF IS & - TIT » 72

5.2.2 EHERNAEBFIEE (UPS)

X AR BRI 5 &\ EBIIRIC L > OLETFDIRET 5, ZOBHEON
BIEF DT RIVF —%508T UTHE DIERERR B HIEDNET-2tETH 5 [63] [64], Bl
fEs SEEFIttE & UTHRAMEESN T BT E LTI XBREREREE LTHOW 584
EENBRE O B8-S SIZahn. £ E . X BOLE T4t (XPS; X-ray Photoelectron
Spectroscopy) &EZEINIEE 468 (UPS; Ultraviolet Photoelectron Spectroscopy) &
PRI S, B8 THEHPRET B LMEETHEONENR]FETH 5 DI LT, BETIX
MEFHEDEEFDOANMEINS, KFETIE. NToEARMICB I AHEFFD
AEGE (N FA 7y b)) 25T 270010, MEFHAHED/ Ny FHEEICBURTH 5
UPS #IEZAT -7,

HFEITIF ESCA/AES #-643#7%518 (ULVAC-PHI 8. MODEL-255) % i /o, Bhiet
PRI Hell FMEHR (8%, 30.4 nm). EFO T RIVF — 4TI IZMNE RIS HTES (CMA,;
Cylindrical mirror analyzer) =M. XXZ7 MUIT 5 MOWUERERDFEEY & Uiz, kR
MLy F 7T Ar 1 F L E—LE Oz, 5120 AES BIFE % Aol o ek s
Moy F U FHMEAFTE L. FHUEOCBO L v F V IBEZRDIz, TvF o rHE
1349 6.7x107° nm/s TH >7z, & 5.11C UPS HIEEMER T,

% 5.1 UPS MESAH

Light source Hell resonance line (40.81 eV)

Residual gas pressure 1.3x10~% Pa (1.0x1071° Torr)
Accelerating voltage of ion beam 3 keV

Ar gas pressure 1.3x107° Pa (1.0x10~7 Torr)




5.3 UPS HE#HE

ARIHTIE. BETAFEER UM TERI L7z a-Si/a-SiC B LT a-Si:H/a-SiC:H N7 o $E
&2 BHIRIZE T 5. UPS AIERER B LMEEAH IO/ N > FREEZ R U 70RRIZ D0
Tk~ 5,

5.11T a-Si(12 nm)/a-SiC(200 nm) T oG 2 BEEO UPS HIERHRE5RT,
P ORI AGTRILF —TH D, RLLEFONEERL TS, BHIOEMLNS b
DB L. (a)~(c) D UPS A7 MUF. ZHEOMEF LD S S 7ok
BTICLBEDTH %, (a) DAY MUVIEEEmMO UPS XR7 MV TH D, KEERL
& (a-Si0,) MHDEFTTH B, (b) 3 A vy F U 7ITL > TERBRLEZRE LT,
a-Si LIEDOREEZK T om IZ UKD a-Si DO DART ML TH B, 72 (c) T aSiJE%w
ITyF T UERDSIRERODANRT PVTHD. a-SICENSDARY MLV THBS, o
a-Si0,+ a-Siy a-SiC OMEFHOH LI KICBER TR L) IClE W E—27 EX—-2X
T4 EDIEERORRITE > TENENKD B ENTE B,

— T T T
a-51(12 nm)/a-SiC(200 nm)

(a) surface (oxidized laeyer)

o

(b) surface of
a-Si(7 nm)/a-SiC(200 nm) |

_\ (c) surface of a-SiC

....ll..,ll....l....
0_5 0 5 10 15

Binding energy (eV)

Photoelectron intensity

<

5.1 a-S1 (12 nm)/ a-SiC (200 nm) N7 o4 2 JBEEO UPS XX7 pL
(a) ZEAMALE. (b) a-Si BEM. (c) a-SiC JEFEE

X 5.2(a)~(c) @ UPS X7 FUiF. a-Si:H(12 nm)/a-SiC:H(200 nm) N7 0 & 2 @i
BIZBOTHBEOIUEEZIT > TR TH O B UFIHICEL - T a-S5i0,:H. a-Si:H, a-SiC:H
DB HDIEEEFZNZTNRD BT ENTE, £ 5212 K 5.1, 5206 o/l
B OH EOWERRE. £/o. EORRLIOFARELULEANT OESIIE T 5MELF
DX Ty MEFE BIINTE EDHTIRT, a-Si/aSiC NFOESIC OO TR ERENK X
<n a-Si:H/a-SiC:H NF oBESIZ DO TEHIERIT/NI I Ebh b, Eberhardt & [65]



i3 a-Si:H/a-S10,: H NF o H#EGICBIF A MEBTHOA 72y b2 40eV EFHRELTHEOE
RO E—B LT 5,

T T T T T T T T T™T

————
a-Si:H(12 nm)/a-SiC:H(200 nm)

(a) surface (oxidized layer)

(b) surface of
a-Si:H(7 nm)/a-SiC:H(200 nm

a \ (c) surface of a-SiC:H

M U T S N S S S N

050 5 10 15
Binding energy (eV)

Photoelectron intensity
o

5.2 a-Si:H (12 nm)/ a-SiC:H (200 nm) N7 oS 2 BHERED UPS X7 ML
(a) REBRILE. (b) a-Si:H BEI. (¢) a-SiC:H [BFEM

#% 5.2 UPS flE L ORI MEFHDIH L

Film Valence band (eV)
a-5i04 -4.70
a-Si -0.20
a-5iC -0.50
a-5i0,:H -4.25
a-Si:H -0.30
a-SiC:H -0.35

5.3 BHENT OESIIBT AMEFHFO/ N FAERE

Heterojunction | Valence band offset (eV)
a-5i/a-SiC 0.3
a-5i/a-Si04 4.5
a-Si:H/a-SiC:H 0.05
a-Si:H/a-Si04:H 3.95




5.4 FFRIFAITEER
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Photon energy, hw (eV)

5.3 hw & (ahw)z 72y b

a-Si(:H)/a-SiC(:H) B#&F-HIEIEE &/ UM T a-Si(:H) B XU a-SiC(:H) B4
ERL L ZNTNDOIEF vy TEKDIC, K 5.312 a-Si:H B L a-SiC:H BJEHEBEOZER
IWARY N IVZE (2.3) ROBURIZHE > T hwkt (ahw)? OETT Oy b LELDTH B,
T h=20 h i3T5 U7 EH. w 3EELOBH. o IRFEETH S, HOEDT
0y MIB 3 EMABEHEMOZ L ENFEF v 7 B,y HED2FE BEELTKD S
ZENTES, REERSATE LD TRT, FBEEEHIDOT. IKBEZEATH I &I
Lo THFEF vy 7 E, 5LV B EIMEAL TS, B3/ Y REORBEEDTZD
IR L TE D, TZOMAVNINIZTE BEIIKELSE, Lich-> THIERER LD,
KFBHEBEATHIETTENT 7 ARy M= BEICFERENTE . BEEHOOIHD
RS, /N2 NimDIRRBEFEENED Uy T 610, FEF vy THEEAR U

% 5.4 P RIURBE X 0 sKDIEEF vo 7 (E,) & B IE

Sample | Optical gap E, (eV) | B (cm~teV~1)
a-Si 1.22 4.24%10°
a-SiC 1.52 1.37x10°
a-Si:H 1.87 6.08x10°
a-SiC:H 2.20 1.57x10°




5.5 ANFOFEESEFEOIRILF/INY FE

LA ED UPS JIEIT & » TRDIMEFHOA 7+ v b L URFRIHEEIT X - TR
OIOFEF vy THFERICUT AT OEERMITE T 5 ZRIVF—/ N2 FRIPRETE 5,
& 5.412%F DFERETRT, (a) D a-Si/a-SiC ITDNOTIRZ D/ Y FRESEN TN Tl ES 4
TRTRERETHEDIZH UL (b) @ a-Si:H/a-SiC:H IZ DWW Tid N> FOREEEIMEEF
L O BREHMTRELCE > TS, ZHUTKFILICE > TEMEO T 2L LUV
DB L. T DOEALET a-Si:H I Ts-SiICHED 7 2L I LAOULVDHEXEIZ 0.15 eV
BETH 722 SISHE LT 5,

a-SiC a-Si a-SiC:H a-Si:H

0.30 eV
150ev 120eV o000V 1856V
| 0.05¢V
030eV | [#
(a) (b)

K 5.4 NTFoESRmICEITZTRIVENY FY

56 HEBERFI v

BRI 7SR 7 2 ¥ v VIBIRZ R DB FREE TR NV BB & R 3BT HEE AR
720. EFINZ O RARICTEFE LR OBELZR D, LHLENS, SHEBAICED SN TN
BAE B TITHAT, FTFRICRKRELWENERF DT IV T » ZHEERBR T IZHB 0TI
3o Z ) LIHFANERESNTE'FY A IRITEH O, L -> T, SRR THV SN
TWAEMNEDREE THHTEXANIRETH B, EETEINT 7 ZRIIDONTH
MR INTOBEFT A XFRIZ. ROXHICHETE %,

K 5.5(a) IZHER) @B FAFERO TR IVF —/ NV FERERT, N2 FF¥ vy FOIEA
WFREETE (Lp) ICL > TEENF vo TOHRWIFERE Ly HOF+ U 7. 375bb, {5
HOETH 5 NIIMBHEFFOEATZOPITHEEINIREBIZE S, K 5.5(b) 3E—DH
FRURTF v IIVERLIZBSDTH B, 2T HEBOWIR L, i12hlzb. V, l3BF>
VY I)VEEDOERIEET, TORNIFFRRT LY »IILIZENT. HEFBHNOETB LU
EARHFICEESONTEIEHETE UTRAES 25 HF I FEZiE @X V, o
BTV P IVREERS D, F v ) TRHFFMFEICGE U, BHEEEIIREREEAE S LT
HBAHHNITHA T B, K 5.5(b) Fic. HEBOWE L, 25 N7 o4 3005 UT-HHIT/hE 0
EED. FRFH (n=1, 2, 3) OZRIVFEENL (B Ey E3) 25 U7c 67 ZORRIZHF
BAICH UAY S o F + U TISEERI /S 8EAL (ETALEENL) LvE 530 T RIVFUERIZ



V(x)

IAEC —_— + Vo —
F3
Ey
:DAEV E1
Ty Ly O Lu -
2 2

(a) (b)

5.5 MRS D T RIVF/ AN NERB L OCHE—HFURT 2 » VBT 5 EH)

BFHEORKELL LB > TRERENS F, KT ERTA2IE0bMS, ZOLHHEE
FALEMN O HBUI N FF vy TOWAKEHL, THHLL. BETEEDY - EXU4FTES
LT, EFEF vy TOMRELTHET A ENTX S,

5.7 BRFERICEIDSAZF vv TOHFBIRIKTFHE

APFETIE, Fe OHFE (a-Si(:H)) RTIEBL U7z, a-Si/a-SiC B LU a-Si:H/a-SiC:H#
BAEEFEEHI DO TET Y 1 R OFEEIT D 72T HHEF vy TOREETT > 7

9. K 5.612KFILLEW [a-Si(Ly)/a-S1C(34 nm)]io BT EHRIZK T 26FF vy
TOHFENE (a-SiJ8. L) KEHEETRT, HEOREERE (a-SiC) ORIEIL 34 nm T—E
ELTHD., BHIZHFE (a-S) OEEEX L - T 5, RHOHEOD L, =00 &L Ta-Si
BHBHEREONEF vo TER UL Ly = 0 12 a-SiC HBHEEOXEF vv TER LTS,
EDOHFRBIE L, iI2D20THHREF vy ST a-Si HEHBEOMEIZIFELL —ETHSEZ
EDRDOIND, TDI EDHIKFEI LR a-Si/a-SiC BT HEEIC OO TR TV 1 X5 R
DR OSNTBNT EDDh B,

Wiz, B 5.7C [a-Si:H(Ly )/a-SiC:H(34 nm)],o W& FEBRIZE T 2EFF vy TOHF
JEIE (a-Si:H B, L) HEEETT, K 5.6 & FAICSHB OREE (a-SiC:H) ORI 34
nm T—E& Uz, RITOMED L, = co & LT aSi:HEHEBHEBEDONFEF vy TERUS
Ly =012 a-SiC:H BEEEONFEF vy TE2R LT 5, K 5.60FBRERLD, HFE
MEANRA T 5 DIZHE - THEF vy TOHEMTHEM U TS, ZHEFEITHTER/Z L 1T,
HEBMNIZF+ U TR LAY SN2 Sk > Ty BAALENDERI N/ Z &iZk b,
F7z. a-SitH BOREN 1 nm SIEFITHEOBE FEBICB W TOET- V1 RN
NTHBIENS, RENEFICEETE - EKFFEOROBRE FEEIMR O NI Z &
HnB, B 58I S5 X< CVD #hiT Xk » TIEBL U7z a-Si:H/a-SiN:H B F-#ERIZH 1T 5



B 5.6 [a-Si(L

AP

B 5.7 [a-St:H(L

JE&. L

D, E, H(eV) ~

Optical gap,

—

2.2@< 2. SiC:H
]

Optical gap, Eg

w) AT

[\

(\)

ok

v)/a-SiC(34 nm)]yo BBHE T 351F BIEF vo TOHFEIE (a-Si B

T I [ I T |
6T a-SiC

a-SiC a-Si ]
L / / -
Ar I I | [ ]
L, 1

31 a-S1

L Q& oo © !
27 i 1 ! ] L i

0 2 4 6 8 10 12 oo

L, (nm)

Lu)

a-SiC:H
’_‘4 a-Si:H

10 .
0 CI) Ly, T
a_SlJ:H
9 Q 5 o o
0 2 4 6 8 10 12%=
Ly (nm)

w)/a-51C:H(34 nm)]o f@’l‘%%ﬁﬂ%k

FBHFEF vy TOHFEIR (a-Si:H
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5.8 75 X< CVD Ik » TEBL L7z a-Si:H/a-SiN:H B FEEICE I 28 F vy
TOHFEME (a-Si:H B\ L) MM [55]

HFEF vy TOHFERE (a-Si:H B. Ly) EFEHEERT 55, EEMEOMAEHOEIIR
IEADHFBICIAPEER U a-Si:H #EAHNTNWA I EDNOHEKTE 5, KFONE
F vy TOMEL L, = 3.5 nm fHETEHETFEIMT 208 L, = 2.5 nm 3 T I TIZ a-Si:H
HREFUIZE > THED. EFHV A ZIRIIBONTNBR EEFTEOEHO, ZOEENSD
AP TIERL U708 PO - BRIEEIBIFTHEZ E0bh5E, ZOETFHA X
RRICDNWTIIHIETEET %,

5.8 BRFEEICKITIZEFH A INEDTTM

KIATIE. THIBRIC L S WH—DIFFRRT ¥ v IV ERE U TE LM A L.
WFF vy TOHFRBIBIEGAHEICOWTHRE T %,

RANT a-Si/a-SiC B FHEBEOFERLERICIOWTIERS, K 541IZR- LXK
AT TR TUME TR TE L 2700, HFBOMEFHICE W TIEALOH UADHGE
XTNWBEEZ OLND, ZI T MEFHUICE O TH—OHFRRTF ¥ v IVEARGE U
Fr T ELTEADHUADEZZ. BT HFEOMBEE UTEFLEMAFE LI, 5
BHiZ3, HFBIRELT a-Si BOKE (L,). RT Uy v VEEDES (V) & LTHET
WD/ FAGERR (0.30 eV) 20, 51X, F v U T THAELOFERERE (m)
RELUTEHRE U7z [68] B 5.9ICTEALOBRNEES mos 10mo. 100m, (EHETOHE,
mg) E LT EEDREERETRT, 772l #EIOEIZITRTEFH o N1 DEEZDED T,
HERENSD YT VR E, THB. m =my TRIAFBEIKRNZE B, BEINLTHE
D EBETFHAGRNEFIZEHEN TS, —F m = 100my Tl3. TOFRIZIZEAEENT
WNIE HFEF vy TH—ETH -T2 EW D HIEHREI SIEFLOBNEED me @ 100 %
EDRENWI EDIB,
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& 5.9 358 (a-Si) OMBETHICH O TEALDH LA A% 2 TEHE Ui B FALAELT

KIZ. a-Si:H/a-SiC:H B FEBOFHERERITONTHEN S, B 541TRLIZE D 10N
v N AREESIE R ICEEE TR > T A2 Eh S, FABOEESRIZEIT 2 ETFOH
UiADABUE U CEMEHE A T o oo BT V¥ v VBEDOE S (V) & UTEEEMO/ N
N R (0.30 eV) 2, B 51010k~ O NERAIE Lz EXDBETORTAL
#ENT B, OFERERETT, KD ¢ 1ZK 5.7TOXFF vy TOUERLETH S, AEIEER
m ANZNFERTY A XYRNEZITEHND 2 E0b0 b, B¥F vy TOMIERRE
g 3L, BTFORNERE m=0.15m « $HbbE. BRETOERD 0.15 & Uik
EXDFEHREIL—HK LTS, BT IOEPERICONTHIT 5,

TENT 7 ZEEEFDF v U T OENEEAEEMITRO AN . RKFRDO XD
IR D 72N DOERE XN TS, FHTJEIC a-Si:H FEE A F 7284 T
IZBWTRD o NcES - EALOBRIERICOWTHIRT 5,

1. Hirose 5 [69] {3 a-Si:H/a-SiN:H #BA& FHEEIZ DO TRBE BRI & - TEHE L
YAk TS BAICDOWTIE 0.8mg~ EFAIZ DT mo BETHS &%E‘{[::: LT3,

2. Hattori & [12] iF a-Si:H/a-SiC:H @& T2 DO TORBES IR L - TRl L 7c#s
R BFITOOTUT 0.3mpy EFLIZDOTIE meBETH 5 EHE LT 5,

3. Yang 5 [70] 13 7 o b o VBEHEE RO in-situ OYEEFHRAIEIL - Ts
a-S5i:H/a-Si0,:H #&IZ 20T D o-Si:H BITH 1 2 EAOFRZEREIT. BHEFOHY
EICHNTHHRZX A B >TOB 2 EEHRE LTINS,

U bEDEHEN S EAOFERNETICENTRENI b5, Tiedje 5 [71] 12
a-SiH P TOBEFBIUVEADOREHEL., ¥4 LA T 754 MEIZk - THIE U R,
HHEFICOWTIHEADOH 20 fFREAX NI EAMEL TS, CHNITTFEAOERNER

—102 —



03 1 T T I ] 1

0 2 4 6 8 10 12
'Lw(nm)

5.10 #F8 (a-Si:H) OMWEFFICBOTEFOH LADEE X TEHHE LIcBFL¥EA

DFESHNIRE NI ST LT3, F72. Zdetsis 5 [72] i3 a-Si:H FOREELEICTD
WT MiEFHFOE EHE TR EEFOEMEICHNTZOBEN 1 MiRESNC & &5
BIZk->THRTNVS, Zhid, EEFOETFLID . MEFHFOIEAOLTNERNEHELL
TR DB A Z TR T0ENI T EEERLTE D a-SiH HEICH T 2 EADOHFRE
ENRELRBZDOIE. MEFHOEAN NS DRHAEIEMNT V&7 LA FITHFAET
LIcHTHBEBZOND, APFRD a-Si:H/a-SiC:H @BE T HEOKICME - ICH
BNV FAERAVNI WA, ZOX D ICIEAOFNEENKRE O EEFT 1 XRRITH
NXHOT, K59 B2 EFRMUOETOH UADEZZ 1A ERRNERERLR
C—HULIicEF R 5,

—Ji. BT ORNEREIZDNTSS & 0.3mg 7E5NT 0.8me TH D AW TRDO Al
(0.15mg) DIEFITNI N EDbnE, COFMERBIVNIVIEERF I XZRNPKE
CHNB Z END. BIFIL - BRAFHEZE OB TEBAFEITE 1. EE X 5,

ERIZ. B E TORBREZEZ b5 L. AARITBNTRA Ny F Y 7EZHL
5 EITL 5T

o BED/N FF vy THDRBGEES DK
o NFORmMOEEHOM
o NT ORI IT B RIGEE DK

FEHT B I EITLD. a-SiH/a-SiC:H B FERICE O TRIEFOE - EXEEUEI TS
N, BFETETHA XMREZBDLIENTELEMERTE 5,

— 103 —



5.9 & =

2 TR EER B R/ Ny 1) V FHIAT K - TEELU 72 a-Si/a-5iC 5 LT a-Si:H/a-
SiC:H B THEBIC DT BEEIEEFHCEORRE L L USEFERNmOREZ
VT ORRZERTZ

1. a-Si/a-SiC % LU a-Si:H/a-SiC:H AF oBARmMITH I ABETHD/NN L KA Tty
M2 Zh 24 0.30 eV 35 L5 0.05 eV TH - 72,

2. a-Si B LU a-SiCHEEDHFEF vy FIFZNEN 120 eV BLU1.50 eV, £z, a-Si:H
BLUa-SiC:H FREIZDNTIFZENZEN 1.85 eV BLU2.20 eV E3RFE o7,

3. AT OERICEBIT B T RXIVF—/ 2 FRIZRDIZHER a-Sif/a-SiC TR/ NV FAER
DI RTMEFFUTEZ T 2D U T, a-Si:H/a-SiC:H TREIEEFMIZA
RN L 5o

4. a-Si/a-SiC B THERIZ OO TIRFHFBIROBD ITH D EFEF vv TOBEMIZ A SN
Ehotze F+)TEUTEADOHUUADEZEZFHELUIGEREL D, a-Si FOIEAD
FHEBREIEHETOEED 100 5L ETH S Z Ehbh -7

5. a-Si:H/a-SiC:H B FHIRIC DN T, SLFEF vy TOHF BIRKERI S 'F Y1 X
PDRIMERT X2, 1 RTEOHBART ¥ v VHFEREL. F+ U TELTETFD
HUADEZZIETIMCEDETF VA ZRRIC OO TEE UICERIIERER &
BL—#HL. aSiHFOBEFOEMERIBEHET D015 EFTH 5 Z Db -7,
Z OEIZME OHRE B LU TUNIWMETH 5 2 £ 6. o6 - BEUFFHED BIF7L R
FhBoniEEZ %,

6. Fiflik TORREZZADLESL & AFRICEOTRER/ Ny F Y L IEERANS I &
[N R N

o BED/ N RF v THOKRIKEHENAL DK
o N7 O AEOERMEDME L
o NT ORMITEIT S REGHEE DIER

ZRHT S LTI D a-Si:H/a-SiC:H @B FEEICHE W T RIFOL - XD
S, REFEEFIM XIRER/L ZENTEILEBERTE S,
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56 =
o T&

AR T NT o RmOFFHO BOEREAEE U TRy 7 U U 7EAERA U, a-Si:H/ a-
SiC:H B HEROBEEZOYEEBHOMITAI EAHME Lic, £9. a-SitH B X
W a-SiC:H BEFEROSEEN - BEIC DT, IKEOEBICER T BEWO TR Lick. B
TR A RS LTz, TSR o RAEENT 5, ’

B 1ETIE. a-SiuH RPERERO KBERAOIEHIZHE T 2 5EROPIFED ST D
Tl g 2 E36i2. a-SiC:H HEE D4R E LU a-Si:H #E & DA EH I L 52 EHE
OB FHEDAMESITE L. 51T, —RICHVWSNAKEESE (72 X< CVD
) BLURNNy F Y v THEOZENENOFE - MESEE EH. AHROBEMIZDONT
w72,

F2ETIE. SiFZ—5 v bR/ Ny FZY VTHD Ar A4 4 4 2 ERNT. BAERERAND
EHALKFBOBFHE LT H, A A VAR T 2 TIWVAF D E—L RNy F Y T
BeEE BER - BIEL a-SiH BEAER Uic, Hy 44 V7 > OFMEMN UTE/LX
B, B EFEANOTEHAIKEORBHESI ¥ —47 v hOR Xy Z ) VTHBEESEETHZ
EIC &k - T a-Si:H HEOHE & - EBERUFEORIIA ATz, Hy 14 0 E— L2045 MHES
75 X FNAEIT &L - THAL EEEENI OO TR FAMNRIBIGE . Yo Al
E HBRIGEEIESITS I EicL - T BERERERICBIT2EHIUKEOBE. B
LU, BN OKFERS - &R &t - BRAFEE OBEIC DN THGT Ui ook
RELTICHEET %0

l. E—=LOFRGTITE->T Hy £ v E—LOMIKEREFT OHIVE I VKESTF
TFOANDEGENTOB I EDbD -Tce E—LFOKEFRTZ VAL (HY) 13, K
wiiE (Qu,) EEBITHWINT 5, Tzl KESTZ VAIVIKERE Qu,=120 cem
T/MiAE & -7,

2. TVRAMNRH, A F H D STEMHALUIOKFEABERERDICEBN T EiCk-
T A SiH, #5608 Uiz, ZhiZk > TNy R ZORMBEBEEN D L.
¥ vy 7 (E,) BEU B EOHME Lt - BRASEISE I N, £, KEFRF
FIONNVDHENKRZNMIEZOENKZNI EHh - 72,
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3. BMBERKMEEE OBERTHITISHMAR T, SRESFBRICKITS NNV FTZEToIs

KRB BT 5 T 2L I LNLEBETOREEE R v E U 78Il ahnis

TR MEH, A4V U SIEHL UTokFEEBEAERIICBHT A2 L1280,
HiRIIE T AEHRBESEENED U, BRIISIEHSRGEA OB 2 Uiz, &
AD. KFEHRBEDOEZ L Qu,=120. 140 ccm TEE URIC DO TR ERICEIT 5
BiRBESIEEEDINIM Uiz, Zhid. BRISRRIIOKERENFAT 7.0 ETFELUK.

. IKREFRE Qu,=120 ccm D Hy A AV E— L2 & 57 ¥ X MIIA TEARNDIED /N

A7 RBEEAMICELE D, Hy £ 4 VISR EOMDIEA A » DERERTIAND AL
ZRLEEBE T EITL 5T BBAD SiH, HE5OEMmEIHE L. EXEETEAET 5
Z Cl:b\’c% f:o

HI3ETIE. SREBRA/ Sy 7)) BRI o TR Uz a-SiC:H #EIZ DN T, A —
V2 BIAHEHT (AES) 12 & AT, EERE MR (SEM) B X UEBE IR
§% (TEM) % JH OISR £ 1T o 7o F 7o, RN, BkkrFk (ERDA) %M
W2 BB OKEEE ORI B L OBYLERIC L B EAKROBHEROBIEEITH) T &Itk »
T, BrhOKBEOEEREARS Uiz, X512 b - BRUFHE EBEXRBORBZRIZDNT
Pz, LT, BoNIoREREFET S,

1.

AES BIEIZ & - Ty BRI O. N R EOAMMEDREAZBENZ ENbh -7, &
7z RN OKFEABOWEMNE L OCEMIRE (T,) O LEFITE > T C DAY
DT B ENDIoI, ZHE. BAEERICBOTHETD CRFEHEEUEE
FeABETEIEEAZRLTN S,

ERDA BIFEIC L D BEEAEOKFRERANISNI L3072,

IROMRBUR 2R 7 PIVIZET B Silly #5560 E— 7 ALE OFATIC L - T SiH A&
BRATHB I D -7,

BRIERED H, 3EOBKIZHENT S X< OKFES VANVOEIIHR L. T2
PN OKEEEIRBEM U, EZ A8 033 PallEDBE H, 4EFIZENTIZKE
FIUANPEZNICHEDLSTRTOKERERZED Lic, ZOWPDIZEAEDN SI
BLUCEFOELLEBEELTOELIKETH - 7,

BALER AN U7 5B O IRV AR 7 PV DORERR IO, SIETELU CET
A UIKRFRENEN. 6730 T3 KAAELDSWEBEBETHRE Uiz, — /5 Si. C
BFFEBEEET. TNOHFEFORy M — 7 NHICEAET 2 IKRITMEREE L O B
L7,

H, 4 0.33 Pa TYEBL U7z o-SiC:H EEAN OKFREBEIL 7.1x10* cm™ THh - 72,
ZDH B,
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Sic. CIEFORy bT—7HNEIZEELIZKE . 24x10% cm™3

SiBEFERHE UIKE 2.8%x10% ¢m™3
CEFEFEGUIIKE 1.9%10% ¢cm™3

DEBETHD I ENbhoTc, £72 3 DOFEMERBOKEOKRBIZE T B EHALT
FIVER. FREN. 0.079 eV (1.27x10720 J), 0.44 eV (7.05x107% J), 1.3 eV
(2.08x107° J) T3 > 72,

7. HHESISEE OREREHTEERE ©. SEEEBRICE I 530 K32 TOE
B RBEEBICEBIT R T 2V I LAV TORSEE | o E U 7S shin i,
HaﬁE%%ﬁ:&?f%fv¢@H5?ﬁ»%%b\ﬁﬁﬁg%ﬁ<?5zaﬁ
doT BMTBICHAET 2KEARS LEIEIZ BT, Ny KT 20D L
Fro FAUTMEORZEF voy 7 (E,). B fli. 2600, BHRESEEE ORERENE
IZE 1T BIEMAL T RIVENEN Uiz T8 b, o - BEAED B a-SiC: I FEHS
VEBIT X 72,

B4 FTHE. 2 cRKESRIE MR/ Ny 7V U EEICK > TEB U7z a-Si/a-SiC
B TFEBIZ DT & — Y B0 (AES) IC X 5 IOl {bFET v F 27
WA TG FERTENIC X S AR OBIE., =51l XBVNEBERICE 28~ 7T of
HOEIEEDFHMEZITI XS, T aTII AV E—L RNy 7Y VU TEEIZE - TE
B U7z a-Si:H/a-SiC:H @810 X R EPTHIE H1T - 70

BONTFERBZLUTOBEY TH 5,

1. &=V 2 BFHIHHTIC L BB T HEROBR X A MO ITIZ X - TRBE DR
1R UL O ZE B M@ T & 72,

2. AR FREEAHBICEME T A Atk E UTLED v F U 72 AV ICBIE 2R LI, 1L
FILyF 7 OBOFEEREDOCFEMEBZRIIEBNT, RIOHKDa > M X bR
ﬁbhﬁo@%&ﬂnm@ﬁ%%ﬁLﬁ% ATEI2Z &6 RNEEIETFIRMER

BN A HICBIE B U TFRTHZ E0E S, EOCHROD Y M5 X MES
ﬂt:tbe\w$m&cﬁ%?ﬁﬁ@%ﬁMﬁ%ﬂﬁ%ﬁﬁﬁmﬁofmé:&\
WONI, FBII THOBEBROBEEIZL S > THRET 5 Z E0bh -7,

3. [a-Si(14.1 nm)/a-SiC(7.5 nm)]se HAEFHEED X B/NABGELRIEIZ & S BIfr AR 7 b

Zid. BRETORBICER UlcgioEi E— 27 28 23 k& THIllx 7z, 1 IRITR

T v TETIVIZ L ZEERETHE & KRG U7 R, Z0REDIE S5 D%130.064 nm

ERE o7ze Ul Tl 2 TRIB G B/ %y &V 73R EICK - TR

L7z a-Si/a-SiC B FERICE I 28N 7T o AmIFEFICSE T, &REICRANE
DOHIHNERTE TS EMmTET,

4, FaTIVAF VE—LR/y &) »TEEBICE > TES U7z [a-Si:H(24 nm)/a-SiC:H
(24 nm)]s BARFHEBLO X REIFTHIEIZ X O BEFORHICRER Ui bl B —
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719 IRE TSNz, 1 IRTCRAT v TETIVIC KL 2EEmETE & e U7k
B Z2ORYEDIESDXIZ035nm ERFE -7, LIcd-oTL TaTllM4A 2 E—
LAy Z ) U TEEICL > TYES L7z a-Si:H/a-SiC:H @& FEEIZ DO T HEN
FoOREIFEFICAE T, SEEICARAROFEINER TE TS LM TE,

%5 ETIE. 2 CRBRREEE MR Sy ¥ ) v IHICE > TR UK a-Si/a-SiC %
LT a-Si:H/a-SiC:H K TS DU T HZESISLE TR ORIES L USRI
DR FIOLL T ORER AR,

1. a-Si/a-SiC B L a-Si:H/a-SiC:H NF oA REICB I 2EETHDO/ N FA 7y
MIENZE10.30 eV BLT0.05eV Th o720

2. a-Si BLEa-SiC BEONFEF vv L IZTNEFN1.20eV BFXLU1.50 eV, T/, a-Si:H
BLWa-SiC:HEEEIZODWTIEZENZEN 1.85 eV LU 2.20 eV &E2KkF 72,

3. NTFOBERITEIT B RIVF =/ 2 FRZRDIRER a-5i/a-SiC Tl N> FAER
T NTUHEFHFAUTEZ TH S DI LT, a-Si:H/a-SiC:H TIEF I BERANA
EENEL 5,

4. a-Si/a-SiC BB FEEIC OO TREHFBIROBITH D HEFEF vy TOEMIIA S50

o7z F¥ VT ELUTEADHUADEZZIFELIGEREL D, a-Si FOILEAD
AHEEIIEHHETOHEED 100 5L ETH B Z &b -7,

5. a-Si:H/a-SiC:H @B FEBEIZ DWT, EF vy TOHFBIRIKF®EISEF I A X
FIRDPERTE T, 1LIRGOFERT Vv IVHEFEIREL. Fv VT ELTETFOD
BHUIADEZZ IcET VLI DETFT A ZFHRICODWTEHE LUERIISERER &
BL—EU. a-SiH FOEFOFMERIZEHETFD 015 FTH B Z Enbh -7,
ZDMEIZMMEOHRE LB LU TNIUVMETH B Z E0h o, ot - BRUFHED RIF73 8K
FRoNnNizEEZ 5o

6. Hifik TORREZZAEDES & AMRICETRIR Ny FY L ITHEERNS I &
& - T,

o BIED/NY RF vy THDRIEEN DIER
o NTOFREOIIRMEDH L
o N7 OFRMITE T 5 RIGHEEDIKHRL

RGBT EITED . a-Si:H/a-SiC:H @& FERIZHB W T REFIDE - ERUFEDR
S REFREEFY A IGRER/ L ZENTELE/RTE %o
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&

A LEFE T H I DRI THRE S THRA L D £ U KBRRF LEINEFH
HEIOD SR OBEEA R LE T EE I, BREBEYR THREE T5RETREOICRIRK S
TFHHFHRLURITREE RS OB R LE T, BT, KWXOWNFITDWOT I
THEBYTEL THREL D £ UL RRRFLFEPREE ERAR. BT, REREEIC
SUTELEHOEEARLET,

X B TBE & TERE - 1T RRRFE LFESRANERER. rMREER. BEH
. KRREE. ERBRER. WA, HENLELAE. MHEEK
I UHET IEE TR OBREFITE BHRLUET,

Z LT, BB v E—- xRN THROBEIEICH D, TFE. ZHREE -
Te RBRKZE LRGBS ES BB L LT E 9,

FELIIMEIWRERATAS T U, SRTESSEEMERLABRE. A &R
E (BHBNERRZFE) B BHBULUE T, X AHEEETTEICHID. 72TV
AFX L E—LRNy Z ) U TEEORITEE. EEOFEB LUYWHIEE LR TIT-> T
THO @R TS EF R A R — 5. SO, RS —BERICE  BSR L £ 95
B, B2 TE, THWETHOCER LESSEM R SR LB E R v & —
DR RHEER . ARSI . &5 MTEREIR . oL .. BB RS .. Bkl
BhEER. SN, BCOPEHRHERIRICER C BBBL £ 9 & & HiT. #Ih THIREE TR 7o
TTFRN FIEER LR ORELE T I LD TREEHOEER LE T,

X, AR ITFHREEE, BEREICS THEEEAB -/ b—I—F L M F/NA 2 (k) D
BHE-TFRISLDLDBHERLUE T,

HIZ, AEETICH I TEMTEWC SN TESSEMERATHE RS BTN,
MHEABEERSICEHT 5 & &bt ERETICIWNIE - IS LESGEEMF
BNERH— K. TIHEK. FBRARKZEIUDETIHEO 4 IC#ELERLET, X
EMEEEEPICCIEES E U LRSS B = e RSB L E T &
EHIT. EBRFETICHOTEOICESNEIK, ERFEK. BEMK. HHEREAEIED
ETBNEMFREORFEE, BT, BN THESEFEMFERORELEDAHIL I AITEGH L
EC I

RIS DI RE N ICFEER T ORI D > e E AR UBEH LE T,



