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AFm3Ci% TFabrication of Self-organized Ge Quantum Dot in Si Matrix and its Application to Solar Cells | (Si £:44
H O L Ge &7 Ky hOER L KIBEMIGH) LB L CHRETEIN, R8EALEEINTND.

% 13 “General Introduction” ClE, AMFEDOH ZB L VERDPBERLNL TS, BIROAEEEE T E TR
v b2V FEURGEmZ BfE L, 44 7 I BBEEIC L > Ty U TINESROR ENVZ 2EHE
TERR GelSi 1 Ry hRICK LT, N CTEY —EEELRET Ry FOERKR, mEESFRA~O®T Ry MNEaOHEE
b &b, £ ORBGEMA~DIGH &V 5 RKWFED B IR B 5TV 5.

% 2 3 “Experimental” Tid, A ORIV 2EE, A CGREHER O FIE L MR EN R~ TS, A
CZRK GelSi &1 R v N &R 2 72 DI AW B Y — Ay F T 2 2 o — 4500, BB ORISR IR G 4
PEZ D T2 DI O T RHMEEE T b 2 i D BREE, EANEBRE MRS, 7+ PrIxy U X, 2L
THEIOERFIEZ B2 oW TORHB R I TN D.

% 3 % “Single Layer Ge QDs on Si”Ti%, KIGEMIZKBITA®ET Ry hTOXTOWIREHKIE L7202, H
JE o Si(001)MMK > Ge & T N FOBENOEE—{b & @& EICET A2EIC O N THRRLN TN D, R
JE 500 °C 2> >HERHHEE 0.28 nmis & V5 Z LT X0, YA XA 30 nm, B ARER X W —#HiE V0 ~5 x 101° cm™
DEBENOY A L E 1%OEYE—72 Ge B1 Ry "ABLNZI ENRENTWS, ZHIMKIRIC L 5 Ge
T RT RADKR Y B TR RN — O ORD, MEHEEEIC L2 v YA FOEFEIZED,
FH~A T L—va RNl En, SEARNEE 2L CEREBELEEY AERER I BRI TN,

% 4 % “Multi-stacked Ge QDs in Si Matrix”Ti%, Si @4 M7z Ge &F Ky MNEORIEIICEAT 5>
WIS TV S, 0.28 nmis O ERESEREHE & 5 B O EFEIN S D IV AREEERAWD Z ik,
R R 30 nm Tl 100 JE £ THEMAWVE A MEEF L TV D Z EAUREN T WA MERL L 72 20 JEfEE Gel/Si #BHT,
B AT N BIAT o RS IR 78 PL B — 2 =) L X — DS EhE YR D 3 ARICHMIT A Z E AR EN TV A,
HEREZ 10nm LT T2 Ge TRy A XOEKREET Ry hOBENEZLZZ ENREINTNS.
ZhUF TP & BEAFOBERAEDEICE D RN ERGOMRICEI VA LELD EERSNLTND.

¥ 5% “Ge QDs in Si;.,C, Matrix for Strain Compensation” T, F @ OFBALIC L B BRI ORA ZMET D72
DD Si,Cy ZPHBIZHWIZFE Ge &F Fy FOFRIZOWTIHE~NHBN TS, ZOEICLY 20 JEhE
Ge/Sig.9995Co.000s BT K MIIBWT, HEEIE 6 nm £ T Ge DEHERDOFAIIMH TE 5 Z VRSN TN S.
ifi, ﬁ'ﬁ?iﬁﬂﬁﬁ)%f’ﬁﬁg L7z Ge/siolgg%Co.ogos i% Ky MIFA 7 @*ﬁ%%ﬁ—\‘ I/, EPFE‘%J%H%E 6NmICHBNTIEI
=AY RO ERRT DERNFONTND.

%5 6 T “Application of Multi-stacked Ge QDs to Solar Cells”Tl%, E# L7~ Ge &+ K v O KBEH~DS
FAlCoOWTHRENTWA. 100 JEHE Ge/Si &+ F v b ARBBEHICEWT, SR T2FE (EQE) DIEE D 1300
nm f2E F TO R E & 300-800 nm 1281 5 EQE EE DRI B A ENTWAD., Zhid, Ge&T Ny Malz Xk
DAR— N OEEDILE L FEEEOERPEZ 57270 LIRS TWD. —J7, GelSigeeesCoous T K> b KBFE
WTIE, GelSi &+ Ky MRIGEME i L CRMENR E L7722 ENRRE SR, Zo/ERIL, =V FoE
FRICE > THR v ) 7 OWENKESN, BAPIH SN RICEI2bDEERSINTND.

% 7 & “General Discussion” Cl%, AL CHREONIERZHEICHOTEMR Ge & Ky hOEE Ge &1 K |k
KIGEMIZBE L RSN TN 5.

% 8 = “General Conclusion” Tld, ARWFIETH LIS & F R L2 IR TH D NI R OBIE R R < 51
TW5.

i3« FRSCEEBIL, FI3L 2000 72 & 9532 300 354 1 MO T 57, b L<ITTEL 800 5% 1 FRE L T 723w,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
Words (English).
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Thesis Summary (approx.300 English Words )

Title of this thesis is “Fabrication of Self-organized Ge Quantum Dot in Si Matrix and its Application to Solar
Cells”. This dissertation consists of 8 chapters.

In the first chapter, “General Introduction”, backgrounds and objective of this study are described. Solar cells
using quantum dots (QDs) are much attractive due to potentially high conversion efficiency. In this thesis,
self-organized Ge QDs in silicon matrix were focused on because of the advantage of higher carrier collection
efficiency.

In the second chapter, “Experimental”, equipment and methods for fabrication and characterization of Ge QDs
are described.

In the third chapter, “Single Layer Ge QDs on Si”, fabrication of single layer Ge QDs on Si(001) are
described. Dense and uniform Ge QDs were obtained at 500 °C and higher deposition rate of 2.8 A/s due to
suppression of migration of Ge adatoms.

In the fourth chapter, “Multi-stacked Ge QDs in Si Matrix”, fabrication of multi-stacked Ge/Si QDs is
described. Ge QDs with 30 nm-thick Si spacer layer were stacked up to 100-layers without significant change in
size and deterioration of crystal quality.

In the fifth chapter, “Ge QDs in Si;,C, Matrix for Strain Compensation”, fabrication of multi-stacked Ge/
Si1Cy QDs is described. For spacer layer thickness of 6 nm, generation of aggregated Ge QDs was suppressed
possibly due to compensation of cumulative strain field induced by Ge QDs. Dependence of optical properties
on spacer layer thickness suggests electric coupling between Ge QDs, namely mini-band formation.

In the sixth chapter, “Application of Multi-stacked Ge QDs to Solar Cells”, properties of Ge QD solar cells
are described. Slight increase in EQE response up to 1300 nm due to contribution form Ge QD layers and
decreased EQE response from 300 to 800 nm because of increase in recombination of holes trapped in Ge QDs
are observed. It was also found that the insertion of Si,C, layer improves the hole transport due to the
formation of mini-band at space layer thickness less than 10 nm.

Finally, “General Discussion” and “General Conclusions” describe an overview and summary of the results
and conclusions obtained in this study.
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