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Abstract

In the present work, a layer of Nb-doped TiO; nano-film has been inserted between TCO and P-Si
layers in the amorphous Si solar cell with PIN structure to improve the interface properties and
enhance the conversion efficiency. The transmittances of Nb-doped TiO; thin films with various
thicknesses were measured and the corresponding I-V curves with and without light illumination
were compared. In addition, the photoelectric response was compared for Nb-TiO;, Zn-TiO; and
pure TiO; nano-films with the same thickness. It was found that Nb-TiO; film with thickness of 6
nm has the best photoelectric response. The conversion efficiency of the amorphous Si solar cell
with various Nd-doped TiO; thicknesses showed that the cell inserted with 6 nm Nd-TiO; layer ef-
fectively reduces the series resistance, improves the filling factor and enhances the conversion ef-
ficiency by 8% compared with the cell without inserted layer.
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1. 5]

AR SR K BH RE Ry — P EBOY A ELN T2 K BHBEHIIE, BB, Tish. LZR .
B KRR S E 0. SR, A T oA Bt S b it . b &) Fa it AT H BT R A4S Bk
R, AR e VS FL U [ 1] (O LA AR AR AR BB, AFAE A O IR 55 IR A 20 1 KRR o (AL,
An eyt — 20 B v A R A R, DB BOR IR 2 AR S K B B8 FUA R AN B AR 55 . D 3R T
FEFME S, BT B 2 e = R B R AR () — AN EE T [ PIN &Y a-Si KFH HLit[2] 0,
S BRI TR A E RN EEA N T A PIN MBS REP R, ()2 n RS
DRERFEAT R R IXEERRE 2 8] T] 0 J7 T A2 75 BE SE PG AR B 1 1) 0 B BR O Rz [3]. 7Ed Kk
RAVRZ M SHT I8 TAE BB PR S B P RYZ % p/i SRl B Re i@ e i A [4], A3 Ak fh ik
KBH B T B LS Dt AR AL RCR AR E Ik o FEAR S0 TiO, ZnO [S13H I Tl 5 N Y= [h]
B, TR SR BH e Lt A TCO 1 p-Sit |2 St BN JZ B TR b . A SCIEAER) TCO
A P-Si JZ Z AR ARG RS 00 AR R, 268 TCO/P-Si Ftifn 2 X KL 4m[6], IFat i dt
' LM IS XF FEL L P FE A S o

2. SEERERSY

AR SRR U BH 025 2 ) 1] 3 R R A S A S 18 2 JEAT AN A8 0 THO, R i 4 o SEB0 h Ak dh i vl
MY PIN = 2 3 b ik IR F P B 2 A ) i3 1) PECVD JURR R GEAE FTO 4 _ BT . TAEMIR
SN 13.56 MHz. £5 HUR )il 4 K FH 28 BH i A Rl IR R R G0 el 46 1K BH BB PRI 4584 glass/SnO,:F/
TiO./p(a-Si:H)/i(a-Si:H)/n(a-Si:H)/Al. X} T FTO 5 P JZ3kdhiE L 1A —EEk)Z, AT BLr AR IS AR5
FEI PR BT BEAL 23 B Al — AL ER BT (A . 99.999%). HRIB A% M A AL AR (4T . 99.999%, 4k
T 6%) AL ER(AFE: 99.999%) 484 . H Al SR 0.1 Pa, kAT ThZE N 120 W dib ik i b o 4
HEF BSUEA SiHgs Ha, BoHg, 1 PHs, BARKITTRI S % 1.
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Table 1. Deposition parameters of amorphous silicon layer by PECVD
7 1. @il PECVD MARIERFEERAISH

TIRSH
HHERIRSE(C) 250
ST (W) 80
R (H,/SiH, fi & L) 4140
VIBVSE(Pa) 80
AJRHE 7 (Pa) 1x107
PUR H] (min) 2~20

KA RS B (SPM SOLVER NANO)MI & S A0 SRV A2 o SR H AR By i (1 58 40- 1] ol
I3 66 E A (UV3600) 73 BT BE 135 S 61 . SR CHIGO00E Ha Ak 22 T ks, = el R Get 7 ALk
VSR it 0 ' ml i S i o 2 r Tt R S L K B R B S ZE 200 mW/em?® (AM 1.5G)RERUK BE YR T
MW, MK FR G K H 3 R 4200 344 R 4

3. KWER5L
3.1 RBR_EURERBRACEURBAFMR

Pel 1 R s W S o) 6 T S A A RS 1) P R St P T Ry 2 P, rT AR S R B0 S5 P8 B I (1) ol
PSR, HIEATIRLER N 3.3 nmimin. 5] 2 N85 24 AR IR [F U AR 1] B B i e . 3
I 2 AT AR B, R 07 2 b AR R FE S I PR . FTO 4R AE 400~1000 nm K3
Bl 3 ST 2503 5 260 80.6%, Nb B4 ALERE I IAR 2, 3, 5, 10 08I AHRN T FTO 41T 118 5 2 B
43N 1%, 2%, 4% 15%. 7] DL H, JURRIS [ TE 5 43080 LA PN 51 10328 5 256 A P mT LA (L 2 AN it
BRI, AR ZE RN, 0T B AR 2R G AR WS 2R vl ALl 2 o 1€ 3 Bk BBk TiO,
VRIS IR o R T A IS B TiO, BB A BLERN 454, & T R B SR A k. Rtk, @
it Touch A, A LA I 0L A& 75 BIRT RN B 98 FE o 7T LAE H . Nb 325 TiO, HERR 15 B 58 52~ 3.05 eV,
FXTAE TiO, W 1T PR 6 5 3.13 eV R A DRI .

3.2. eBHRERERENKERALEMR

Kl 3 SR FH rAG A T A I B A3 B 1 435 2k — S A BT IEE J) A M Dl R 5 B G 2% A 1 00k L B T
AR 2. DL T FTO 1R B 5L ER 20 TAE AL, SR EE T etk A+ REl s
EE HLRR , B 1 mol/L A B VK o B T UAT DGR R, I DATE] 5 JA S R B TR0 4T 5K A DGR
SRR S G I R, 1 4 T RLE H, CYEERGTRART Y 2 min B, B SRR H. BEE DR
B[ PR3, G FR R/ NGB R . 4 FTO M R LT E . ekl sl 3 i 7R, Nb
B4 TiO, AR X4l TiO, I A4 B 98 FE 552 1 0.08 eV AILLIAK, TEMFEIEALE T Nb 5244 Tio,
VI T AR IE A AN S A Z ORI T DI, eI IR B A R R AE TAE FTO AR
TR Nb:TiO, J2 1 LA B SE I AR R FAER T A 55, &M Bt i /. k> Nb #:¢ Tio,
FECTURRU ST ) A CAKE L BTG SR T, AT AR A1 T L VR P A 7 Tm) PR FRLREL, I 3 — 20 PRI BRI T e AR
HERRE, S E G HRIE 7]

5 N EAHIFEEER Nb, Zn 4% Tio, f4l Tio, I R - . aTRIE H, 40 Tio, MR
HL /D, Nb FT Zn 45 24 19 BRI RBOK o 3X Ui BHAF EE T-46 TiO, i, Nb F1 Zn #5283 Reh 2 i
AR BT 1 B AL . AR ]S RE ST Nb 45 24 5 14 o' F i B 5% =3 [8]
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Figure 1. The relationship between the deposited thickness
and the deposition time
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Figure 2. The transmittance spectra of TiO, thin films
changed with various deposit times
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Figure 3. The optical absorption spectra of TiO, and
Nb:TiO, films
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Figure 4. Time-dependent photocurrent density of Nb
doped TiO, films with various deposition times
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Figure 5. Time-dependent photocurrent density of doped

TiO, and undoped TiO2 films
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ARG TEIE A A TCO/P-Si LM AbIEN— 2B 2% TiO, B, MR THNZReHEMEFR.
FEERRW, SN E KRS NG 1535 SR BN T 4%, B NSHGIE ke . A4l Tio,
2, BB TIOMENHRIEFENZ, AL RSB AE SRR FERTR 2 S, #EES. FBTHibiA

WARZAE PIN R FELS 410 P-Si 25 FTO RN E, MRS
FEHL A PERE SR B 28 —FUL R EI R R 15 6 AR Nb:TiO, 5 5 A R (I B S 4. e
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Figure 6. The performance of amorphous Si solar cell with vari-
ous Nb-TiO, deposition times
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