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AEm L. [Study of Amorphous Silicon Based Thin—Film Solar Cells with Full Spectrum Splitting Technique]
LT, 6 DORE TR SIVTER S ILE LT,

% 1 E[Overview and Objective of the Research]id, FI. HARGET R X—L L TOKRKBEGEMO LA & B
fii, BUEOKBEEMOEM ESEZDOH Y FIZONWTEPNLTNET,

%5 2 & [Fundamental Aspect of a-Si:H Material and Multi—junction a-Si:H Based Thin Film Solar Cell]iZ.
NN DIR T A B RBT DX HERE T LAY MVKEGEMOF RN Thoh Tl Y, IRERIBRO KB
AT MVERIRT A0, V4 Ry v 7O by 7RIV EFu—F v v 7OR b ALK 2 OH T BN
B HT A THENERTHY £7 ., &I TERIEER. KEtEEEEY, BRELICHBicE, #hEh%
B2 ORKBGEMIZAT S GEDWEEAT Y v 7 ¢ 7 REKBEMICER LEREEZ 1727,

%5 3 & [Theoretical Analysis of a—Si:H based solar cell with Spectrum Splitting Technique JiX. 51 %=
THRR7=EHIC, by 7 BUIITA RXY v 7 B A BV EIESRE T, ZOETIL., BESEHZD
by 7BV ER NABALENENDNY RE Y » 7 LSRG DR S 28 2 7 i 72 358 35 21T 5 BV O Rk
R T AN A M LT, AR & RKGEMEE L OBRERTZD, T AV 2 Lb—HIZL DK
BMOBNEST EZITVWE LT, v Ial—raOfRE D L2, EEOKGEMORE T 1t 227 ¢ — KA
I ENTHIET, BRIROAT Y v N7 4 R GEMOERNFEEE 00 £3, ZOETIE, ZOIME
fEATIZOWVWTIEARTWET, £, AR THEH LT AN AV 2 L—FOFFEBREEZHIIT 5, RICEHED
IHTER L BREFER L ET,

%5 4 & [Fabrication of Single junction a-Si:H Solar Cell for Application of Spectrum Splitting Top Cell]
3. ATETEHRANZZL ST, by P BT a-Si  HRBEMZ R b AU CIGS KEFEMEZFIMA+25 2 itk
WA FEZFDLZENTELOTHY 7, 205, EBIC a-Si - H KBEM, CIGS KM% HefE L T
EATV o7 0 7 HIEERA LT, KEGEMFEEOREEZITOVE Lz, ZOETIE, 9. X7V v MIEIC
EHIND by 7B ER N AOENVE R L TER LEHE L7, R a-Si: H KEGEMIZ OV TEFRHICH
fE. FMLE L7, (KIR, ®KSE dilution & 7T v NREMREMHEH LT, KEEEMORMEEZEDE L,

%5 5 % [Optimization of a—Si:H Based Solar Cell for Spectrum Splitting TechniqueliX. Hij# CTib~7= a-Si:H
KB, CIGS KEdEM, A7V v & —%HEL, WEAT Y v 7 ¢ v 7 EiE AW CRBEMREORE 21T
ENFET, KRETEZOATY v 7 4 V" TRIEHEB IO EICOWTIRRET, FTATY v ¥ —DFREL
FEEREIZ DO W T L, ZOB%AETIE JEMR L BLEBR~ET, V—F— I 2 L —# Lsun(100mW/cm2,
AM-1.5) ZHWT hy 7, RELAEAZREL, WRATY v 7 0 78R EFE LTz, ARETIEZORE
[ZOWTIHRAR_e, ZORE, £F. —o0MEO 7 4 VX Ui LT VI 0 SHEA LI 2O 7 4 X2 L 2
DT ANVEDB/OENTZRANOFEROAT Y v bT 4 VTR ETOT 4 V2 E il L CRYE L 72 Kaneka 7 ¢
NETE, Kb &7z Kaneka 7 A VX EHHLTCATY v b7 4 7% L7-FER, 5922.9% (WiE®) 0%
EEHTEMNTEELR,

% 6 #[General Conclusion and Future Prospects]it, AMFETEITINLEBREROETLEDE, 5% LV S
OMRTAREHEICOWTHBLE L, AHEZBELCT, VA FXY v 7 EHEARKETHL Z EBHL
MWl otzfed, VA R¥ Y v 7B ALOWENSLENE T, SEHAVZ a-Si : H OfZ by 7 eV OBEH & LT
I%, a=Si0: H&B LW a-Si: H, Ag(InGa)Se2 KMEMAR ENHXTHNET, o, TNHEZMAADE 2 #:475
a=Si:H/a-Si :HOX T LB ALHHFED 1 DONFET A NVF TlEd, ZO0ORFET AN ZEBEHALIEZATY
T A THEE L KBGERD Ny TEANEETHDL EBEZOND 2D, FOEBEMNT & WESLETIZRY £,
Fio, K= RN, BRI EBLATRE R LSRRG EMA~OIS A % B8 U THEARHED 0T 36 K UGHE & 4 % O
BIZ Y F9,

5% FSCEE X, FO3C 2000 7 & B30 300 34 13D T 2, b L<IXEIC800 354 R L T2 sy,
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This thesis describes the results of research on the numerical analysis and elemental technology for full spectrum splitting
thin-film solar cell to improve conversion efficiency. The first theoretical analyses of amorphous silicon solar cell are
studied. The model of the solar cell structure assumes a p-i-n superstrate structure. For electrical and optical parameters were
taken from experimental results and refered literature. Each layer using spectroscopic ellipsometry (SE) analysis results by
using Tauc-Lorentz model. In order to investigate that how the devices structure influences the solar cell performance of
a-Si:H solar cells under various parameter such as band gap, thickness. Then best performance solar cell parameter has been
calculated and based on these parameter, spectrum splitting structure simulation has been studied. a-Si:H and CIGS cells are
having thousands of variable parameters in the splitting structure. Among them, main parameters are considered to be the
splitting wavelength, which is the exact number of wavelength that divided the solar spectrum into two parts or more, and
band gap and thickness of absorber materials. The total efficiency under the different range of splitting wavelength. The total
efficiency for the combination of the top cell with wider band gap and the bottom cell with narrow band gap shows higher
total efficiency. In this simulation, when splitting wavelength is 600nm, we can obtain the best total simulated splitting
efficiency of 24.1% (Eg = 2.0 eV, Jsc = 11.7 mA/cm2, Voc = 1200 mV, FF = 70 %, Eff. = 10.7 % for the top cell and Eg =
1.1eV, Jsc = 27.9 mA/cm2, Voc = 607 mV, FF =79 %, Eff. = 13.4 % for the bottom cell). It was found from the simulation
that the total efficiency of nearly 25% can be obtained at the splitting wavelength of 600 nm with top cell using higher band
gap material. The experiment has been carried out to verify the simulation results. The a-Si:H solar cells with i-layers having
its band gap of 1.9 eV have been fabricated by 60 MHz VHF-PECVD with solar cell area of 0.086 cm2 . The cell structure
basically is glass /TCO( ZnO:B, SnO,:F) / p-a-SiC:H / buffer / i-a-Si:H (1.9 eV, 300 nm) / n-puc-SiO:H / Ag / Al. In order to
get wider band gap for a-Si:H solar cell, low temperature and high H, dilution (ratio of SiH,/H,=8) have been employed
while substrate temperature , inter-electrode distance, VHF power density and chamber pressure were kept constant at
1507, 2 cm, 1 mW/cm2 and 50 Pa, respectively. Then this solar cell has been measured by spectrum splitting technique. As

a result, the total efficiency of 22% has been developed as been guided by the simulation.
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