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ABSTRACT

Investigation of microcrystalline thin films (uc-Si) and solar cells is a hot point
in the field of photovoltaic research, because pc-Si solar cells is a challenge to
overcome disadvantages of instability and low efficiency of amorphous silicon solar
cells. Therefore, pc-Si solar cells are thought as the next generation of silicon-based thin
film solar cells in the world. In this thesis, pc-Si materials were prepared at different
deposition parameters by VHF-PECVD. The principle of selecting deposition
parameters was aimed at fabricating device-grade pc-Si thin films in order to improve
the efficiency. Through the photoelectric and structural analysis about pc-5i thin films,
it was revealed that the key factors for quality of puc-Si thin films were influenced by
deposition parameters. At last, the rule of harmoniously adjusting deposition
parameters for fabricating device-grade pc-Si thin films was obtained. On the basis of
it, the relationship between puc-Si thin films and solar cells was studied. And it was
firstly proposed to build an evaluating system of device-grade pc-Si for high efficiency
solar cells and obtained the device-grade nc-Si thin film materials simultaneously. It
was firstly plotted trend chart, which reflected the relationship between variation of
deposition parameters and properties of solar cells. It was a guidance of decreasing
fabricating time for high efficiency pc-Si solar cells. At last, pc-Si solar cells with
conversion efficiency 9.2% were fabricated through the optimization of deposition
conditions. This result is a national record in China and is also in the top ten of the
world. Micomorph tandem scolar cells with conversion efficiency 10.3% were also
fabricated.

In detail, the following studies have been finished:

1. The influence of silane concentrations, reactive pressures, discharge powers and
substrate temperatures on photoelectric and structural properties of pc-Si thin films was
studied. The results indicated that their dark conductivity increased with the decrease of
silane concentration and reactive pressure, and the increase of discharge power and
substirate temperature. However, the photosensitivity and crystalline volume fraction (Xc)
showed the opposite regular. In addition, the thin films with high quality located at
transition zone from amorphous to microcrystalline phase can be obtained through the
aggregate adjustment of deposition parameters. The modulation function of silane
concentration and discharge power was obvious than that of other deposition parameters.

2. Vertical structure properties of uc-Si thin films were studied by Raman

scattering spectra. Influence of substrate types, which included substrates for
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fabricating solar cells and Corning 7059 glass, on the structural properties of thin films

was firstly investigated in the world. The results indicated that the structure of pc-Si
thin films existed non-uniformity along the growth direction under some deposition
conditions. That meant there was an amorphous beginning layer called incubation layer,
which located between the substrate and initial growth film. After that, the film grew
with a certain crystalline volume fraction (Xc). Its Xc increased with time and reached
a state of saturation until a determinate thickness. Surface morphology and Xc¢ of pe-Si
thin films were intensely depended on the type of substrates and surface texture. Xc of
the thin film fabricated on Corning 7059 glass was higher than that of SnQ; with13%
texture. However, the difference of Xc¢ of thin films fabricated on different types of
substrates changed with the variation of deposition conditions.

3. Influence of oxygen on the electric and structural properties of pc-Si thin films
and their stability were studied. Through the compare between the properties of the thin
films prepared at the use of gas purifier or not, it can be concluded that oxygen resulted
in thin films with higher dark conductivity, smaller photosensitivity, smaller active
energy and higher Xc. The results of SIMS measurement indicated that oxygen content
increased with the increase of Xc. It was firstly conducted on the long-term study of
stability of pc-Si thin films through Fourier Transform Infrared (FTIR), which showed
that oxygen-bonded content increased with the process of time. In addition, the stability
of thin films prepared at higher substrate temperature was relatively good than that at
lower substrate temperature.

4, Optimization study was carried out between pc-Si material and solar cells one
by one, which was based on the properties analysis of pc-Si thin films prepared at
different deposition conditions. It can be concluded: (Dthe structure of intrinsic layer
in a pc-Si solar cell with higher conversion efficiency existed in transition zone from
amorphous to microcrystalline; @its open circuit voltage (Voc) and fill factor (FF)
increased with the increase of silane concentration (SC), while the range of SC for
optimum of short circuit current density (Jsc) and efficiency just located in a narrow
gap. Influence of discharge power and substrate temperature on the performance of
solar cells also indicated the same regular. The efficiency of pc-Si solar cells could also
be improved by large flow rate, which was resulted from the increase of FF with the
increase of total flow rate. @Xc of the active i-layer materials was a key factor to
modulate the characterization of solar cells.

At last, through the corresponding study between pc-Si thin films and solar cells,
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it could be concluded that device-grade pe-Si thin films should meet the following

conditions: dark conductivity should be between 10® and 107S/cm, active encrgy (Ea)
was larger than 0.5¢V, (220) orientation should be with the highest intensity, Xc should be
40%-70%, sub-band gap absorption at 0.8eV was lower than 3cm™, oxygen content
should be less than 2 X 10'%cm™.

In this experiment, thin films used to fabricate higher efficiency solar cells should
have following characteristics: dark conductivity was in the order of 10%s/cm,
photosensitivity should be between 1000 and 2000, Ea should be between 0.54 and 0.55¢eV,
(220) orientation should be with the highest intensity, Xc should be 45%-60%. Trend chart
was established, which reflect the relationship between variation of deposition
parameters and properties of solar cells. It was a base for preparing high conversion
efficiency pc-Si solar cells.

5. Relationship between performances of pc-Si solar cells and photoelectric and
structural properties and incubation layer problem in the pec-Si solar cells were studied. Voc
decreased with the increase of Xc for all pc-Si solar cells. Apparent band gap of pc-Si
solar cells can be primarily calculated through the ratio between amorphous and
microcrystalline part. Apparent band gap of pc-Si solar cells showed linear relationship
with the change of the open circuit voltage. An amorphous incubation in pc-Si solar cells
existed between p/i interface. The thickness of the incubation layer can be decreased
through the increase of discharge power and decrease of silane concentration.

6. In addition, the influence of front electrode with wet-etching ZnO or SnO/ZnQ
compound film on the properties of pc-Si solar cells was firstly carried out. The efficiency
of pe-Si solar cell fabricated on wet-etching ZnQ substrate is 1%-2% higher than that of
solar cell prepared on Sn02/ZnO compound film. The use of ZnO/Ag back reflector
electrode can largely increase the short circuit current density of solar cells and its
efficiency.

7. At last, the pc-Si solar cell with conversion efficiency 9.2% was fabricated,
which deposited by VHF-PECVD and with ZnO/Ag/Al back reflector electrode.
Micromorph tandem solar cells with 10.3% conversion efficiency were also primarily
fabricated. There was no ZnO back reflector electrode in this kind of tandem solar
cells.

Key Words: very high frequency plasma enhanced chemical vapor deposition
(VHF-PECVD); microcrystalline silicon (uec-Si); device-grade microcrystalline silicon thin

film; gas purifier; microcrystalline silicon solar cells (uc-Si solar cells)
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LR 5=t 2 B R M. BTHIH=%F SiHy. SiH; BEAMWE LR R, A
W, kgkNFERRSEZIHMHERNREITH.
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P TR R R0 3 B WMREEERTTRER. Bl RO HA BRI A

55 SiH, kM RN .
SiH; + Hy=> Silly 2.2eV (2.11)
SiF, + SiHs-> Si;Hg 2.1eV (2.12)
SiH, + SiH;=> SilL;SiH + H (2.13)

JEWFRRLRE T Lk SiHy — 2 R N EIF=Y0 SiH, BRI 4 R . Hod, SORE(2.12)
REANRN . SiHp #AF) SiH, T 8ER= £ US4k &4 SiaHe « SipHe Bl A8k AlE 34
1014 B8 E 1Y SiaHg, AT T 4R F= 45 SiH5SIH A Hao (1 R 2 38(2.13)78 B ) SiHaSiH
HAETFEAF SiHy B, MR SisHge AITABSUMI R, IR F R N Al 4R 43T,
MITE A AT &Y SigH o« SisHias SigHps 5. F3 b, ZEMAHAY XEFE
BRI FERE M SiaHe 0 SigHge PP« FEA 90N RS ” ARk o1 A A2 o o B R 8
W IR RIRE
5 SiH, 7558 5.
SiH;+ SiH3>SiH+SiHy -1.4eV (2.14)
SiyH (2.15)

RPN BE SR RLZLERS T BE 3.2V BREE, MBREESUBRSEAIRER
F, RZM-EEEA—A Sil, 2> F 8 Sik, 5T

M TFE—BRIABRAGT, VRN ERD R NHETIRENERE, BN

SiH, B T S RERE I R
SiH," + SiHy = SiH;" + SiH; (2.16)
Si,Hy™ + 2H, 2.17
SioHy™ +Ha (2.18)

Heps (2.16) WRMJLEES, LU —REFFERHHOEFEER SIHY,

LA ESIT RS ERSEETERTRASEERESR, S4a0 2 ErAEk
PR TR 1t . BT RMM, B HARRENZ B RN, BB TAE
PR FER Si, HAEINZRLE/NT, SN &ZEFBFRE f & 2R RS SiHs. SiH.
Si fl SiH,.

§2.1.3 TR R A A= Ko 7P

TR 1 A AR AT I T 7 A SR THT 5 4 HC WA A ) AR = - TR B R A e R /AT
o WM R TR A A A KREA —E T fme ., SURBEIMRE
fir BoRBEAT XM R AL EACRE LB E R T A 5ER T &R setER 0, &
FRHRRTHLHEEATH. RNAERTERASEERBALKERER— Si-H
B, MATSHEIRFHR S RA WS FRRE TG, ENITERTRBEER. X
THAESER, HEANERXMRNF ATHROKERITIE.
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(eI N R DA Hod MEEEENTRE. SIS RARESERLETE

SiHs E B TR R SiH, Al SiH; f1 H R EE A RIE RN . Ei, 25 0iX=
FAEEE RE, FHe— T ASRRRER. B 2.1 49 Sil, EF 54+ KERMERT
2, H&THLATF JLARERREIX:

SiH, + (Si-H) = (Si-SiH:*)  (REETRE) (2.19)
(Si-SiHs*) > (Si-SiD) + H,  GREEE) (2.20)
(Si-SiH)+ (Si-H) > (Si-Si-SiHy) (BRI ) (221

e % %

2.1 SiH, A5 a-Si:H A& KRE AT /ER Mo 2
() W, (bak#E: (o) HE; ) BH
O HTFHET; OFREAET ; @F AR

}%&3@}%&3 2w

_&_ | !
_"’ ——Q-*.-.—Q- -—H-H

(a) (b) (c) (d)

K22 SiH;#H5 a-Si:H A KE@AAHEER TR
(a) | ORE: (o) B, (d) BN
OETRHET: ORFEAET: % RE

Sitl Z5d B SR, NRZAETERERIREEFH .
SiH; HSi-H)~> (Si-) + Sifly (M) (2.22)
SiH; +(Si-)=2> (Si-SiHz*) CRCETTED (2.23)
fE/E RIS RS Si-Si &4, F Si-H, BEUHHEEFHELTUES—F, HE
50 25 5 il AH AR B (Si-SiHq*) 2 (B i (Si-Hy & F i 53 . BE il 2.2 Fiw.
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PR R A id B8 MREEEITRER, S B8R A A T

AR RNEES, B —MEEEN RN T —RFE. R TFEEERT
R FE P R E . ERRESFELAKER AL St RENE, BE— IR
EWES T, NTEERKRAE—PMERE; oM —NBEER Si-H 8 ©
ML A] BEM A Si-Si g, FEAE—PNEREM A Si-H 2, A ERDBEA H S ER
N, WE 23@FTR. 1AL, SHEBETARMNELRENEFEREER TS
Si =HRREER, —IRE Si RS F R St B T2 Si-Si #lF e
¥R TR I R A A RE, XA TEX a-Si:H MzIthiEM, B 23055,
HiptE Y, BEFEEKREENE & Si YK RmAER, MR a-Si:H %
BT AR R E RS 7, SETRE 0 KN E TN R R
) A o TR

.

Qg

R R oo’
. i
() (b)

K23 (@FEFENEIER. O)RFEMNEEKRERN R miERD

FRYE DL _E = Fh A S AR L AR A B R R AR a-STH A - B HERER
S (EESEEREHE RE. AE 2.1 22 FHEFEH, B Si-Si ML
TE R, B4 — AR SiH, B SiHs B HIpHh Dy, #VEPE R 85I AT 7E 73 #M G Si-H &,
PL Bh BL R S S S T A AT . i BRI AR REIRIE, MM ERKEECHHEE
ARG T EZ G, WMFESBTFRENMEESESEINNER. £5 5
HIEEEShE R, STREESERNER T, MR AREGKE. AETHF
SEFA MBS DR RERWERANRESE, NEENREERT
.

§2.1.4 T SR EE A PR AR AR R A

PTEER, X THMEEREIRNEBECLHT 2R, REFERREYT
=MER, BEM&EE—ENREE LR RIS, X=MER
SRR RESHEEED, BEZMEBEEIER SRR,

1990 £ Matsuda ZEAVMRHN T “Fmy #0” 8, hHREFEBEE, KR
Wh: A H Bk, $EFETFEARENEFAESEEEEREN. IS8R TE
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MAREH LA B MRS BT R K& RS HRE RETTE
& RNBRESN, ZEHBERE/ LR E, XFERIRS T R ATEYIE BRI
TR, XA R NV B R T B — N RE R B, IR AR B
FIMAR G R . TR FERY S R ~T BT R po 1 I 38 Y. (B iRy, 44
P L T T R AR B i T T AT EL Y TR, BB RIS R S .

oAbk, 7E 1991 4F Fang 5 AMPHE Y “IRBMER L AL, IXFEARA 4K
REEEAN, fEEEMAILRAREA LR, —fRERNIE AR, 52
R ZV o #2 . i B a-SisH W %A B Y ) AL 1993 4 Heinzee 251
vE R, S EAAXT a-SiH HEM R R IR K. FX R R ET BLS AR R0
M) S SRR RO S I BEI T — B AR R . 7oL, SRBBREM T — R
(crack-likeY. HH T HERIS KE 7 n A28, BRI ARHB TN S
YEF] o XES K S iR ERBE e A Ko A A B3, BIAS R R A AL . 31X U B ke
R ERTE B X T AR ph i T . X R EOR AR T, AR B A K R
e BT LB/ AR B R BT K E BRI I ok AR REE . BRlL, —H &
FEE AR AL, REE, AERERKBGET S 8- M ERBEEFTEENRTEH—ER
BRI SR MR AN . FEIMRLEEEN, ZMARELHE, SR PSRN
ZHEFESZEK. REEEHNALEESAENNER. SHEHTREEELS, KR
FEAR SRR BRI AR B b T B, SR ZEERARRS, SRBER
B RIZYEL T E. BX TR “ERBEI” (Spherical voids) HIFERK, MR AEAHIX
AT SRR . {B7E 1986 4F Haasen!"% A RSB FR XA AY, ALfi) & R BA K
FERPEHTHINT BRSFMSE, ASLMSEsFR_E VBN, XFH
ATMBRSEEL, &R ETXENEESR. TR HER T fle
BER X RIS i, AR R U B AR T .

1991 4E Perrin“HE 1 “4b22i8 &k ” A, fhAERIA G HR SiH 38 R BLAE K
SRR O SR EE R AN R MR B R EEFRARI X, WrRFEERE
HEKREEETERRERETEAFERR S, BT HD SiH 8 RNMERHN R
R, %4RSEOHEMBEES, XERBERMERE. R HBAST a-Si:H #0812
H—NERETTE .. FIXFERT DR R R MR “BRE TR ki, FHAR
HAERIFREAZERNERSREHEMR, XHERIBET “RUTR” KRN

M BRI RATEI DU 8 : SRR KB RE B H A BRI AR I R ek
ERPE KRR, SR RESELFERSES, ROVTIIGENERER. B,
Xt T IR SR EEAT R A AR RS TR i — 2B AT F

§2.2 THAEERPRL X Bl
§2.2.1 TRARMEADELAT LI K B A TR A B IR
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BT A2 1 B i S BE MOEEEIRER. PigRE RS RA T

Har, &R R A T EZ AT SRS S 7 AR S
PR (RF-PECVD). & JEFERGHINE B il = SRV (HPDAREF-PECVD),
FE S B SR AL B S AT (VIIF-PECVD) FIE R R SiSE Tk
SARYTA (HPD+VHF-PECVD) W J7¥k, DL FSHIER (HW-CVD) R
122 S AHIAR (Photo-CVD) 55

1. ST E TR ESHTUR (RF-PECVD)

R IRF-PECVDRE BT A T IR BEERHIA, W 7% R il & tHis i i
e JEE TGRS L. IRRREGR T 10, &5 5l & g (A R AR MG (%
Fildis), BRAMNBTERBEMSE. BRAERADE, IEE. SER
HPD+RF-PECVDH 7 kU1, & bl & R () R B NPT R A T — RS 148
. HPD-RF-PECVDHIARMML S FERSELMNT, &SRR LR
. AARRIEET AR IR, BHAE T RARR A I R R AR . BIRMER S
EHEERFER, MR TESEENEFE NTREBRELSEHEEENRE FES. X
ERBLHERETE, —HEERZIMEKREOFE, B— b s S eE
R IR A L, R RTE S bR T SR AR, A& H S AENMRE
MR # . {(EHPD+RF-PECVDEARFES — @ © RuMBEEFSERX
B, FHEEZEIFERER. @ FEHEXENEME, $HES, 77
TRERE. @ FEANERIIE, XERFNENRE.

Rodchek® A ¥ HIHPD+RF-PECVD /7 E7E 10A/sFISA/sHIFTARIE R T 7E10x 10em?
i _E R N AU L x lem® B, 23 B3 30 T 340208 76.6%F08. 1 %7 A FH HLdik
T, RepmannZs A K A HPD+RF-PECYD 7 i%, 7EITIERLANSASHEN T, &
30 x 30cm AT i b 4 H 2 7. 3% A A ptb

2. BEMES T HEERLETHTIIRECR (VHF-PECVD)

H&eE RS AR TR R R, AMIER THOTREA. B 1987
F55 -+ Shah NEH RIELE 7T0MHz BURER T, Hl&H TINFRERIA 21A5 B9IES
HEEUE, FEERMEREFHEM VHF-PECVD HAGIEXTR ., SR
BN a-SUH M, X —H RN B & R R B R RS . B
&) PECVD #5HL, VHF-PECVD £ATE {2 il SR e T8 B O (i A5 i 22 i[RI i Py il
FARH AR SN AT . il SSCENM A RmREN SR, R EH G
FHICHIAEFE AR TR &5 VHF-PECVD BT HLE,

& E 57N E L SRR R TR PECVD WIBCEMIER, AT KRS
BRI IRR IR 3, (BRI 5 AR M 1 50 2R LA TR 2 L | B UTAR LB B A R
AR E 2.4 EFRRRN LR EHFBOBMEMESFARENCRBE, KEF

22



W TF K A28 3 PR REEBRUURER . R ARG RS R AR
WLUEH: A RHSER E R B TR R MR R AR R 11 0. (B7E
F/hF 70MHz FUIX—VEE P, R TR 3 FlEOR SR 38 KT A

30.0¢

20.0 ¢+

deposition rete [A/s]

....
o
o

gl .
1) 50 100 150 200 250
frequency [MHz]

2.4 VIR S AR 32 R

HH§, 7 VHF-PECVD H AR S EBMBREEN EHAE R, — A
i ARNEAEMERES THRTEE, BETEMRTHTHGE, IHERKERERERSR
F R R REEARREE, 7R R RET IR ), R AR RS RS .
vl i FESE BERR, FRIpREHE R, ATINEEFHGegERl, WEE T
Bz FREPS, AR T EEEmpsd, EHENREEREY. Bi—H
MR VIRERNESOETHFHEE Gon flux) FIEEFHE A KB M
e B AP0, RN FEE TRERKWEN S FERR K, BEEFRENE
B SRBEE BT AR, RSN SEE FEEEN, 2# T ER
EHH RN, ATRAETIRER: XAdTXEXENFTFHEEATERE, il
EFH AR, FUEEES BUTTRERE S K Rt e F R R =

£ % VHF-PECVD HiA&, HFEMRAWT: 1. A TTEFETE, BTEHE
BRORHE, GRRER TEETHPRNEBRNEE, BKTETFMEENEKRE,
MR T B FXHERENED, BT H&EERNRE. 2. XNH&EEER,
BT & RESRESHE S TN BT, 45 R R 5 ek R i AR 2R
Bns AR Z o R, B EEERNRER RCHE R, MR ENSEF
BE: BAAESEENZ R TFRERE: 3. ATEHELENT, HEFHES
Fehfh, BT AR B R EH IR B SR T M, ZAERAT (& A R T . 4.
BT VHF #£5 7 EBEMTURESR, XENEL THESEYHAREEPILE, &
BT EBENRE. 5. 7E VHF E5 Tk, KERMETEEE T RN TE, RNE
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EIPNC L mes ZOAT S BT AR RN EUE S8 R I AT i
Heom T S MR TR MRS SEIE A KRR E T XKEM IR FERALE.Z
A, XA IR T BRI AR AL, SRER T HSEERRE. EESR TLL LMK,
48 VHF-PECVD BORZESIE & R RN A EA BT EE R T J 558/
IRTE .

XEA R BT ER WIEN AN, BTEERE, BT WFIIRERK,
H e(FE)+ SiHy—SiHy +e (KD a/4n. SiH, HMIREERR, Wl SiHy 9 RN
AR EE BB, RNy KB, B —EfmELG T, —&
AR EMRRE, TSN ZEERRTHESERMARIAMBNER, X
RN, SRR RET #EAITE R,

BARVHF-PECVDE AR BT EAEN M, MFILEHSFHH&E KHRMAES
B4 4) P A 4E . (B Takatsuka™' % A ZE60MHz I 1BEW T, RHEFT K BB & HTE
40cm x 50cm 1) AR b1 & 3k R/ A2 R b KA R L ERI1.1%.
i, BETERAHNEHEEFUAIIEASHSERY, X—HAEH5 3R 0k.

1% B % Jilich JeARBFSEHT, Mai 25 A7E 2004 £ 5 16 BERMDER SN LR S R
H] HPD+VHF-PECVD $ AR #] % 4550 S K FA i it 3 2R 15 31 9.8%09,

3. #e bSO (HW-CVD)

g b 2 AR VLI (HW-CVD) R IT A3 R SR AR - b 37 RO JE I o 4% A vk BB,
kS, FRAAEAERIENELHREZSE REEREEETEEE5MNE
RTFEEEME ERAME. FE HW-CVD £ KMARER, BRameis. AlE
EE, VRS EMEIGERME. BB EBRR R EEREA IR, M
R Rl R ARRL R, BERKTRALNESG, HTERERLESNIER, HiER
A RS g, WA TEERE, ReXiERNENEREES, MU TRETH
JEHIIREE, (R B & AR IE A s SR i ISP, 2 B MR i E G
SFERMES. REEEENESSSEREBOCERR TS (GHEETEEER
BEK), XfeRihorERER IR RPY, PR ER B T R A K M R b R E SR PR R A
MH .

HAl, Klein S APERA HW-CVD HEAR BARBIE H T RERIAT] 9.4%M B 45 HR
R, EHEWAREERE 1A/, B HW-CVD [ PECVD A, & ki
TFEg s i KPS, W A BTG S BRI R, KR ER— KA.

4. JtHZESARITER (Photo-CVD)
Eis LR AR G &R B A RIRE, FEZBALRF T A%

7E 80 TFACF R AL, 20035 A, HERKETEFRE =R HACREES
HEH 4 (WCPEC-3) BT ER S48l & il RiA ) 7.3%, #IERBE N 36%H Sn0,,
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PN 08 R PAREEIRYTRUE AR, 1% R B A IR R T TR

M7 i B AR A I TR e P R AR T, HBR S R TOBLE KK
Filt, 48 FHTERB AR, 283w XH VHF-PECVD £ AR H) &5 sk

R L

§2.2.2 VHF-PECVD JiB! &40

AW E Thee W T & R A
GpS Glg GNg
§ LK PR S 099 ¥
P*ﬁ f El_l: I_m_l T ﬂ—\ N
[ 1 'H__F»]:—_‘ ni*ﬁi_
1 Gl Gl
$W 8 mé; ‘%%

G0 @ AR i .

69 | 614 ¥e GI3 | ERRGUY (N3 nERR

o= o] @“’q

2.5 B =% PECVD i &4

2.6 TR £ T1fE CVD & i (Cluster CVD System)
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A FF R A iR S PE MAEEEETIRIEE, $& A9 &L R VR

B 2.5 AR CERMH RSB ER M =2 PECVD NI ALZHE. Bdm=4
B RMNELIFEER. §MREBZNRAREES. HABAKEAS p E. | ZR
nE. FHEREMUER AT REERSF, AT LB XI55, %
TAMER | 2, TEME Rt EEEAS] 1.0-2.0um. HE MK RF-PECVD 77
%, BIRPUREREER. ke 1 RIVEY, XA VHE-PECVD HA, JIERTRNTEHE
HH 1 2. XS R EARME R RN, 4% T S sUR e e,

KR RANS _EFRHERSEWE 2.6 . KREHREZA CVD S8 54
AE S LA # b S e B = A A — A R SR B A s, AR S AT LU T
5 shi ]y 8 Mg AA FE AR — A B = T RN . B B E ) SR
FlATIREN T Z 24, RARERM L EZRES.. RS AT HW-CVD 1 VHF-CVD
PIFNE RTH &0 st B R R AR AR, SHEEES (1.7x107Pa) HIEH
HIEE, 5 T EEC SRR MR ER .

§2.2.3 S8 Al fb i A% L v AT J R AR ) R4

SEE T AT M EE IR B R R = ST ARR ML UIgE CVD
ARETH % B EBUT TR RET 5% HF BRI 5 281 # Corning7059 XS
AR 3 IR Fr e

= back contact

3
: —— TCO

alass

light

Bl 2.7 pfi/m Wit i EE A A5 U

1ok e A A BH FR AL A A S H v 4 AWER, BI p-i-n A1 n-ip Y. WAL BT HAR
Mo AR RERBEARE MR, EH p-in BIRATEAMBEs . 1T
HALEHME 2.7 Pic. BN TCO H Sn0./Zn0O & & ekl F AT 0.5%LBRJE
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T KA e 3 BOE MO BITIREIE ., R R R R RAETTE

P ZnO R CH R SnO, 388 F 2R Asahi 28 B AE TS RIS 13% B 0 R BFED.
78 h Al ZnO/AL T ZnO/Ag/Al.

§2.3  TlARREATBHRF PEARAE 7T
§2.3.1 MEIERS. BE AR

HREEF RS E T EELHRS . APEIEEE T USRI, MEEEERDLES
TEREZEAMLS, 100mW/em*fERE AT, RHEFEENILTE EWEM, Bikin
¥ 40.055cm, O FTE, KA1.6em. W ENHEHEERZ NIV ERBE,
MLt Keithley 617 E RN E. HRFHTEHAAKE:

(2. 24)

B, U ABHERRZEMEE, w BHEIRARE, L 8RR, d B
HEMEE, 1 HWER B,

P BEER A B RIER SRE T RHT, BIAE20°C~200°CHIEE N, TEBR
i FEL 9 SR BEIR TR B boo(T), FARIB L TR 23R,

Ea
kT

RF oo AR D EREIR, BB REREL.

0,(T) =0y exp(-——) (2.25)

§2.3.2 43 & (Raman) HUt Ja i 4k o 4[R2

FREE MR, B BB S AT LUR SR 0T S B AR . R X TR
ML, AR R JE A A SR AT L E R A . B 2.8 43 T AR LR RE
Fr EXHR APr S e B . RRRRERT SRR TE 520cm &b 1K RS R AR
#1285 TO #xl. 3T émfbR LR RmMMAEER, Xady S RiEr A B EIa ki
BE, (BFEmE, EHETE S18om™ 4. WGP ERTREERERE. HMRTERNE
WA SR AR I SRR B . TUS F IR AR, TR h 8 WE7E 480cm™ &b, 2
JEMREEMZE TO . W TFRAEFARBENER/MBTERAE, EMH T ER
AT TPBARTE 520 em™ Zods, (T RY MR EBOR I BB B3 K, Bt RmRs
.

HE AT RARCRITEMR R R
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FIF R 18 8 3 BOF WSEEBEAEE, BlE RS AR E

X, = _ e po (2.26)

Hodv Ie Fil 1a 23 BT R TR BAS O FHE SO MR IR —REY S =g
P& HATHRIE T . HT la XM E (R 7E 480cm™ 4k, T I L35 BT MR 431
7E 520 e #1510 em™ fifr.

1 i
) e—520cm”

1

A
480 om —p-|
1

= (&) ! waloroSi

highly pe-StH |

counts [a.u.]

N CH : @-Si:H

1 1 i "l L 3
aso 400 450 500 0] 800 850
Raman shift [m™]

B 2.8 Al HTE A A 8 i PR

BT R AN K RO 8 HARME R AR —H R, 632.8nm ] He-Ne
Bk, HBEMBEERAT 1000nm, FHik, XTEEAF 500nm WEE, EEHsEH
b E, EFF 632.8nm T He-Ne Bt 3% LRI .

T b 230548 3 FEAT AR T 520cm™ FI4L#, ATLLUEBEIME I — T RERE
BB R~ . BErRiEsRm T,

Aw = —A—%}f (2.27)

Hi, Ao AW E @& HN T REENWRE, o ARFEMSER TN

(0.5431nm), L BAMMEF SRR, XBERE Han S WS R: A=4741em’,
=1.44,

AR KA 632.8nm [ He-Ne #5688, f 8 (%A S 4: MKI Renishaw 2000,

§2.3.3 S mEL g (PDS) TE R #E
Har, BRZEFEHTHRME HEEE, WEEARFE (CPM), T HIE
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RIIT A+ Arie 3 BE MREEEETREE, BR BRI R
FEIR (ESR) ADGHRFEE (PDS)&EMH, (B2 CPM FI ESR SL#RRESE 48 i fe AT
BHAOSERA, CPM B ASINR S AR s M A B & . ESR 5 H RE MGGk 7
A 8B4, PDS WUBENY LR HERS A R N SRR 0 e iR e B, R R R TR

-1

Apparent absarption & (EM )
E
[
M

el
=2
[—)
ki

CrM

1 |l . , . .
LY 1 15 2 25
Energy (aV)

B 2.9 AR L5 HIRE LI TR OB O T B B B AL 4]

SRS (Photothermal Deflection Spectroscope—PDS) [ EBENY. M —ik
WoROt (pump beam) EEBH M EIRE, MRBRWAFRERZELAHE,
& A4 AR T — MR EG, SR EE A kL E H A B3 e
2, i E/E —NERE TSR, BRIXEAREAER. B —RERREE 0
TR E B, HRERARE. BB SRR BRI REE, 5T LA
B L. FHBUR AR K, WA — e, e ek
KT AR, B2o4H T RENIERRE. REERTHSEEER PDS Sl sk,
DA 4 SR TEE R CPM IR 17,

§2.3.4 X ST BT (XRD)E AL g1

PATENIE, @A X FHETERATNREL X HEEGTH—MPRR. BX 5
5@ AP ERTIRIETEAN, E—EHFFTSESMES A RAERS . BT
BFaZF R EREHES, EHiiREHos RetERLE T m L& Nmr=ETIMME, B
AT

B ARE ki K <+ B Debye-Sherrer 242 115
_K'fl”{4s1

L=
Bcosd

(2.28)
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FEIFASE I R IR SR WREEERTRURIR, BB R R A RAE Tk

Ik AEHE (k=09-1.0) X BASB X S K.
ALY T X-Ray A5 A {0 4% 12 Rigaku D/MAX 2500 B X SH£ERTHM . 14T
BICE R X 580 Cu Ko 28, K0 0.154nm. $°-70° 185 H.

§2.3.5 &L HHAEHLLLIMFTIR)R L i

FE—THIRER , Bl fdg— A BT R AR S 3L F AR T CAAE L S i B R IE LA
FUEE MERRS . YA TR E SRS PR W B A
I, 16T BN BEIBOS X — R sh AR w0 S . BB B T A i i e bl o
TR, SABEEREME LA —BRME, XER MR NEPEE, B E
E PR s s 00 A M R S SIS R TR AU A MO TE R, 185 MR b A
B AR GER 2T, W URBSEANE THRRACERIER T AMERY .

TSR3 7 Y B 44 TR F IR BB ET Ay i 26 . — R VB R T 2 R AR fir
BHRshiEs, BB KESANBEENEAETARNEINE. BREAmERF
2 BV A B I E s, SRSIEE). BEah R = . TSR SI-HEE,
HAME S, RS, RN IR 0em TR RS TSiH.
SiHFISiH;, [Hitk, HEH LA EX KRR EEEEFE R, BEHRART
B R

=N, (2.29)
Ny,+Ng
N, = 4[* @y, (2.30)
/]

or

HrA=1.6x10"m™, Ng=5x10Zcm? B PHSiETF3E. Hhae)d FaskH:

Q= iinw (2.31)
d  T(o)
HF Tyo) AR KNI ELE, TohdRAEELFEMIIBEIR, 4 I
EERERERE,
XF il R A, HEMSHRT A T A kRabh

Re—tum o (2,32
Ly100 + 42009
-—-—~{§-2~?-~—-% (2.33)
IﬁZG + 164(]

Hop R M R-31F0F SiH kBB EEAHEHE T, AR
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