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Thesis Summary (approx.2000 Japanese Characters )

AL, Study of Fluorine Doped Tin Oxide Transparent Conductive Oxide Films with High Mobility
and High Haze for Thin-Film Silicon Solar Cells (FBBEIE « B~A A2 HT HEFES ) o KEEME 7
FR—TBACAXFEREERONIE) ] CEL, AL TELYHERINLTWVD,

% 1% lIntroduction) TiE, HUERIEMALIE MR L T < 72 OITITHMEHE T 85TW O BAFRE =R /L
F—NUETHDHZ L, KBEMPEERTERO—>THHZ L, HK+T7 7V y MBI OXREEE #ET 51
ILBERBEOHIFI D ER Y 2 KGEMALERRR THDH I EERLTND,

% 2 [Fundamental Properties of Transparent Conductive Oxide for Thin—Film Silicon Solar Cells]
Tl MU a2 KEEEMIZHW S N5 B EER (TCO) OBSREFE, Je2FEIC DWW TR L., TR T
WIIZ B THD7 Y —F ¢ U TRINER S TICITEBBERLETH D Z &, R EER LKy
Vo KEGEMMO W EIZ RN S D12 DITITRIERE TORSA AEERLETHD Z L a2k, BE)E
80cm*/Vs, ~A XF 90% (&K 1000nm (2T) & AFFEEE LTHE L TWD, £z, KX THFExIS & L7z Sno,
23, Zn0 R In,0, 1T THIES U o o KIS SIEER L L TENLEREEL AL TS 2 L2 TS,

% 3# [Improving mobility of Sn0,:F Thin Films by Low-Pressure Chemical Vapor Deposition and
temperature gradient] TI&, 3 KKUE CVD 12T 60cm?/ Vs T2 O Lhsk iy & B BhEE 23 15 H A0 T W 72 k78 (SnCl+H,0)
Z JE CVD I~ 25 2 & T 72, ben?/Vs OB BIENG LD L2 R LTWS, EBBIENMEK L7225 RE
PRI L > TR D Z 2 RH L, BIETICIREMR 22175 2 & TT7.5em/Vs OmBBIEZERL TV 5,

% 4% [Scattering Mechanisms in Sn0,:F Films] Tid, AW THE S 72 Sn0,:F RIZE 1T 2BE EDF
¥ U TR EERANE, IREERAEOREER L | FREBEEED L N2 BEIE OMGmE MR —ET5Z L%
AL, EFY Y TREM TIEA A AL RHEGEL, (K% v U TIREMTIL 7 LA UBERGELD E A ELEE ©h
22 EERLTND, fg B ERICHEHE T 28mE H v, EREEHEREO —BE2 R LD TORETH
o Fl /v R—=7RB/F F—7BERET5Z L T, WM Z2RolmEETY LA U A 2B S D EE
REBRBITV, LE O BEREE OB E LW ERERMITRL TV D,

% 5% [Fabrication of Sn0,:F Films with Both Very High Haze and High Mobility] Ti%. @B EIE%
Rol-fF @A AR EERTLHERICONTIHRNT WS, H T XAEERERIZ Reactive Ton Etching (RIE) ALF
IR MM AR L . D LT TCO & BT 2 @~ X FLEHT (W-textured TCO) 1% Zn0 THHIE STV DA,
BN A RO Sn0,: F ICHEM 32 EBBIENKIBICIKT 325 2 & B 0ho e, AT, v =7 F F—=7
Jg OfEfE S A BT 5 Z LI KV ERML ., S EIE - @S AL TEREERT D Z LTl LT,
S OICRIELHOE N2 LT D2 & T R AR bAEI L, 2 TR Lk BEEZ W2 2 L8 FREIC /e
S EBRTND,

% 6 3= [New method to measure whole—wavelength transmittance of TCO substrates for thin—film silicon
solar cells| TlZ. RiI®E T 7- W-textured TCO @ ZIERHEREICH T A HE SR FEE L, kD)
B (IM¥E) TRINEETERVW I EEEML. SRR IV 2RET 2RI ELHEDREET > T
W5, Fio, FBIEFEOFBHRL B /AL L BT RICHEAN S Z L 2R L, HREFIEREDTHDZ
LAERLTWD,

%5 7% TConclusions and Future Prospects] Tld, AR TEMRINTZEREEZELH L, S HBOFE R HikE
VI 7 B AR & BRI SV TR T D,

% @ FRSCEEIT, FISC 2000 T2 & HE3 300 REA LT ORI 2, b L <IFHEIL 800 FEA 1 RN L T 7230,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or l1copy of 800
Words (English).
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Thesis Summary (approx.300 English Words )

This thesis describes the results of research on the transparent conductive oxide (TCO) films of fluorine
doped tin oxide (SnO,:F or FTO) for thin-film silicon solar cells.Toward higher efficiency, multi-junction cells
have been developed for utilizing the light in near infra-red (NIR) region. Therefore, TCO is required to have (1)
higher transparency and (2) higher haze in NIR region.

To achieve (1), reducing carrier concentration and improving mobility are needed. For this purpose, we
introduced Low-Pressure Chemical Vapor Deposition (LPCVD) instead of industry used Atmospheric Pressure
CVD (APCVD) with SnCl,, and introduced temperature gradient, and we achieved high mobility as 77.5cm?/Vs
from 35~60cm’/Vs. The scattering mechanisms of free carriers in SnO,:F was analyzed by comparing the
measured data and theoretical value, and we found that the scattering mechanisns are different around carrier
concentration 1x10%° /cm®. lonized impurity scattering is dominant above this concentration, and grain barrier
scattering is dominant below this.

To achieve (2), we combined Reactive lon Etching (RIE) processed glass substrates and SnO,:F with high
mobility by LPCVD. (This configuration is called as “W-textured TCO”.) However, we found that mobility
dropped drastically on RIE processed glass. To avoid the drop, we adopted non-doped / F-doped stacked
configuration. By combining RIE processed glass and SnO,:F with high mobility and the stacked configuration,
TCO substrate with both high mobility and high haze was realized. We ako found that haze ratio can be
increased by increasing RIE process pressure from 7 Pa to 15 Pa, and we achieved TCO substrates with high
mobility (~80cm?/Vs), high haze (~90% at wavelength 1000nm), and low carrier concentration. By cell
evaluation with pc-Si:H single cell and a-Si:H/uc-Si:H tandem cell, we confirmed higher efficiency with
W-textured FTO than with W-textured ZnO:B. We ako established new method of measuring optical properties
of W-textured FTO.

From the above results, we can conclude that this newly developed W-textured FTO is the promising

candidate for achieving higher conversion efficiency.
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Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
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