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ARF3CIE, TSilicon Quantum Dot Superlattice Solar Cells Using Advanced Defect Reduction
Techniques (072 RGBT Z AW o U a v &T Ry MK TEE RS | CBEL, %3
TEIVHEKIL TS,

% 1 % [Overview and Objectives of This Research | Tlid, AWFFEDOTY 5 Tdh 2 HERIRBZ(L RIS
TRAF—MEICOWTREMN L, KEEEMOBENEIZOWNTIRRTWS, £/, KEEEMOBRIZS
WT, TOBEZFI L, ERDERDIZDICBIERD LN T L EAT 2512 L T b, £L T, &
a A Mb & @R & R R LTS 2 56 = HARORIGEMIC DWW TR, £O—D2& LTHETHD
VU arET Ry M EESI-QDSL) 2 AW o KB O Bt E O ML EME A R R T D,

% 2 % [Review of Recent Researches on the Third Generation Solar Cells] Tif. (X U DIZ K
B OEK & BHERIRAZRIC OV TR, 5 = ACKBEEM O TR OV TR TWD, £, 5
ZAARORES B D B OBFZEEN NI DWW, EOME AR LTV D, FRCABFZE T O Si-QDSL (2
DWTHEFINCIER S, KPFFEO T OHFEDO T TOMBESIFIZTONWTRRTND, o, BFIR%E
EET D ENARRRAR— LB TRT v v L (BQPEE W T KB E DT 24TV & R
v MIBEZ/NSKTDHIEICEDNNY FEy vy 7OHKRE &b, KIGEMOBKEEN LFT25 &
WO RHEZBI DML TWD, £72, Si-QDSL KEGHEM O &1V A AR DO AIREMEIZ DWW T H IR T
WD,

% 3 ® [Effects of Oxygen-Incorporation into a Si-QDSL with an Amorphous Silicon Carbide
Matrix] Tli&, B THL7ELT 7 AT Y 7 (a-8iC) ~DEEFEIRIMIZE Y | 900 °C L9 &
7 =—VERICEB T 5 U =7 N ZADBHEBIH SN D Z LiIZOo0 TR TS, £ LT, HWURED
MBOBENZL TV ar&F Ry bOBKREIHITLZ L0 V=27 " 2AOBEAIHI S 5
ZEERLTWD, 6, YU arEF Ry FOBKIZE>T7+ =¥ —2.0 eV ELTICH
W TIRIBRBD IR HER SN Z IOV THIERNTN D, ZORITY Y ar&F Fy b Ok
fLFROMHmE—FHLTBY, £/o, TOWIUED 1.4 eV 1D 1.5 eVAHTIZh D720, v av &
Ry MCEDWINDFHETH LD Z 2B~ TND, £z, BEIRMLL a-SiC #FEE L LTHW
Si-QDSL KM 2R L, WA mfafEmiNA K E RSN, Z 260 L, 52, 518 mV
EWVWIBMEBIEZER L2 LIV TIRRTWn 5,

% 4 ¥ [Preparation of Niobium Doped Titanium Dioxide and the Application to Diffusion
Barrier Layers for Si-QDSL Solar Cells| TlX, =47 R—7{LF ¥ > (TiO2:Nb) & K—t L /& &
Si-QDSL JEORIZHAT L Z &2k, F— 30~ Si-QDSL JE§ ~D I3 i S b = & & it it
THO TR LI Z LIZONTHA~TW S, 3 < HER L 72 TiO2:Nb 7% 900 °C 07 =—/VALEIZ L > T
nBOEEEEZ LSO LIZOVWTHIBRTWD, £ LT, 10nm ® TiOxNb #fAT5HZ L2k > T
900 °C D7 =— VAL D Si-QDSL EH DV U JRTFDOPREN 4 x 101 cm3 735 4 X 1016 cm3 LLFIZ
FCOEBEINDZ 2R LI L, E6IC. TiIO=Nb IZE& £ D TiJEF. B LU Nb JF+2% Si-QDSL
I E A ETERE L TR & n 9 Z & 28 5202 L, TiO2:Nb 725 Si-QDSL K5 #L D R —/
MEBBIIEEE LTHZE2TH L Z L 2B TN D,

% 5 ¥ [Techniques for Reducing Dangling Bond Defects in a Si-QDSL| T, /K#E 7T X< 4LEl
WCkBE T TR RRIaDIRBHEMTIC DWW TIRR TS, Si-QDSL HI 31T 5 /kFE DL %k
DORFRFEEARFEMEN S, Z ORFBILHUIAHE F B OILHD BRI TH Y . EHIZ, a-SiC NU TEIC K
STARBEHNITEA LT SRR IOV THRRTWD, F72, Si-QDSL HFizRBIT A4 7Y
VIR RRMaOMBIRFERFEN D, ) arvoZ 7 ) 7Ry RRREE D 300 oC LLEXS,
IRFED S 7Y TR RRMGFEEED 400 oC DL EDBEER L, ZOFEHE, 400 °C O WLFEC /K Mo %
3.7X107 em3 F T TEZ D52 L ZHLMNITL TV D,




% 6 ¥ [Improvement of Si-QDSL Solar Cell Performance Using Three Defect Reduction
Techniques | TIE, 5 3 F /5 5 5 5 Tk~ 7z 3 DO KIHIRBH M & il bbb Z LIz Xk v (Si-QDSL
KEGEMORKE REHOWBICKII LIZZ L1220 TIRRTW5, BACEIE 529 mV. Ei&ERR 1.60
mA/cm?2, RN 0.46, ZE#H%51FK 0.39 % L\ 9 Si-QDSL KFEMESS Z LIk L TW\D, 2D
BN HRIT B, MaRRMEFER EIC/ERL L 72 Si-QDSL KB EMoO F ClItt i mahE L 2o T b, &
7o B TICBW T ZOKREEMOBERIFEZRE L, £EER19.7sun DL E 649mV &V 5 &
WBHICEE 2 HEBL L7122 Ll oW T, Si-QDSL KIGEMOE R A ED A[REM 2R LT Z &2
WTIRRTW 5,

% 7 % [General Conclusions and Future Prospects] Tli&, AW CER SN/ EEZEH L,
SBOERDIBEEOT-DICEZ LNDLEMTITHONTIERTN S,

PLEABRT S &, K a-SiC ~OEEFEIRIM, TiO2:Nb F— 30 MEEBIIEE O A, 2L T,
KFET T XA~ LAY Si-QDSL KEGEM O fE KBRS B I AN R FIETH DL Z L 2R L,
F7-. Si-QDSL KEGEMAE = HACKEEMOBEM E L CORERAREIEEZ G T2 L WO IERFICEE
R AR D TH D,

i FRSCE R, FI3C 2000 52 & 3 300 E% 1 ET ORI 50, b L<IFIEI 800 #EE 1 MR L T 7230y,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).
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This doctoral thesis “Silicon Quantum Dot Superlattice Solar Cells Using Advanced Defect Reduction
Techniques” is composed of 7 chapters.

In Chapter 1, the importance of improving the device performance of silicon quantum dot
superlattice structure (Si-QDSL) solar cells is introduced.

In Chapter 2, recent researches on the third generation solar cells including Si-QDSL solar cells
and the position of this study in the world are introduced. In addition, the numerical analysis of
the electrical properties of Si-QDSL solar cells using Bohm quantum potential (BQP) method was
performed to show the potential of the solar cells.

In Chapter 3, the oxygen addition into an a-SiC matrix in a Si-QDSL is discussed. The
crystallization of a-SiC phase was successfully suppressed by the oxygen-introduction, and the
leakage current in the solar cells using the improved barrier matrix drastically decreased. An
open-circuit voltage of 518 mV was achieved.

In Chapter 4, the insertion of a niobium doped titanium dioxide (TiO2:Nb) layer between an
n-type doped layer and a Si-QDSL layer is discussed. It was revealed that the TiO2:Nb layer
significantly reduces the dopant diffusion into the Si-QDSL layer.

In Chapter 5, the investigation of the high-temperature and high-pressure hydrogen plasma
treatment 1s discussed. It was shown that the treatment temperature is very important for
reducing the density of the silicon dangling bonds in the Si-QDSL layer.

In Chapter 6, the improvement of the performance of the Si-QDSL solar cells using the three
defect reduction techniques is discussed. A conversion efficiency of 0.39 % was achieved, which is
the highest efficiency of any Si-QDSL solar cells fabricated on insulated substrates.

In Chapter 7, the achievements of this research and future prospects are summarized.

In conclusion, this doctoral thesis reveals that the solar cell performance is successfully
improved using the three defect reduction techniques, and Si-QDSL solar cells have potential as

the candidate for the third generation solar cells.
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