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Coated Glass Substrates
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O Transparent conductive oxided TCOO films for silicon based thin film solar cells are
introduced. The required properties of TCOs, and the features of three types of common
TCOs for solar cells, tin doped indium oxide[J ITOQ zinc oxidel ZnOO and tin oxide[d SnO,[J
are discussed. Then, the preparation and the evaluation methods of fluorine-doped tin oxide
0 SnOzFOthin films, developed and produced by the AGC group, are shown. In the last part,
the world standard TCO in silicon based thin film solar cells field Asahi type-U” with
pyramidal texture on its surface, and the state-of-the-art TCO,” type-HU” with double
textureld W-texture[d surface, are demonstrated. The type-HU has been developed as TCOs
for amorphous/microcrystalline silicon tandem solar cells. We confirmed that the type-HU
can make microcrystalline silicon layer thinner by 30% compared to conventional pyramidal
TCO, which is cost elective for solar cells production.

0000000000 E-mail: mika-kambe@agc.com Senior Researcher of Research Center
000000000000 00E-mail: naoki-taneda@agc.comOPrincipal Manager of Glass Company
000000000000 E-mail: akira-takahashi@agc.comOPrincipal Researcher of Research Center
000000000000 O000 E-mail: takuji-oyama@agc.com Senior Manager of Research Center

g7



1. 0000

godbobodobobooboboooooao
0 TCOO Transparent Conductive Oxided 0 00O O
oooooOooOooooooUooooooooooo
O000o00opoooOooooooUoooooooog
ooopoooooooooTcooooooooog
O00oO0o0oooDoUoooooOooooooooo
0o0oDoO0oO0o0oooooUOoooooooooo
gogbodbdbobooboobuobobuouooobo
gooboboboboooobobobuoboboo
goTcoOooOooOooOooOooooTcooonoon
O0oo0ooOooOoooooooooooooodg
oooooooooooo
Oo0000oopoooooooocooogg
O0000o0oo0ooDOooOooooooUoooooo
0o0o0o0ooooUoooUoooOoooooooo
goooboboboboobobobooooobo
goboooooooooooogTeconoonooo
gobooobooooooogooTeconooood
0 0 020080 O MRS Material Research Society[]
0000000 Light Management in Photovoltaic
Devices - Theory and Practice” 00O O0O0O0OO
Oo0o0oooooooooooooooogoogd
O International Photovoltaic Science & Engineering
Conferencé] PVSECITIEEE Photovoltaic Specialists
Conferencel IEEE PVSCIII European Photovoltaic
Solar Energy Conferencel EU-PVSECTI OO OO
TCoOOOOOOOOIlight trappingd O O O light ma
nagementU 000 0O0O0O0O0O0ODOOOODOOOOO
goooooooog
goboboboboooobobobobooog
goooodbobonoooooboobooooooog
ooOoooooOoooUoooUooooooooooo
goOoTcooAGCOOOOOOOOOOOOO
OsnOoFOO0000ODOO0OO0O0OOODOOCOOOO
oooooO0ooooUoooUooooooooooo
ooooo

2. 00000000000000O
godd

goboooboobbooboboobooboobobo
gogoooooobbobooooooooooooon
goooooooooog

gooooooooobooobooooooooooo
OO000D00OO0OFigAODOOOOOUOOODOOOOO
00000000ooo0oooooooooofYmo
OooO0O0O00000Fig.DaddOOOO0OOOO00
gbbooobobobbooboobboboooobod
gobooboobbooboobooboobooo
gbobooobooobbooboobboobboobo
goboooboboooooobooobboon
goooooooboobooooooooooooon

080

0000000 e 20100

googoboboboooobobobobobob
gooobboobooboooboobooboboooboboo
gobogobooboobbooboobooboo
O00o0obo0OFg.DbOdOOOO0OO0ODDOOOOO
ggooooooooboobboooogoooooon
goooooooo
goooooooboobooooooooooooon
oooooooooobooobooooooooooo
gbboobboooboooooboobbbbooo
gooooooobbbobooboobobooobog
O0ooooooof800000000000 P
gbobooboobooboobboobooboga
gooobboobooooboobooboboooboog
gobooobooboobbooobooobooboboo
gobooobooboooobooobogooooon
gooooooooboooooooooooooon
000000000000 oooooooooonoise
OShahO P40 000000000000O00O
goboooooo0ooooooooooboooboon
gooobobobboobooboobboobod
ooogsoeodsoonmb OO O0Oooooooo/dd
Ooo0obOooobDoOooobogsood1sonmbod
0000000000000 oooooomo
gbooobobooobooobooboboobbooobog
gobogbooooooooooboooboobo
gooooooooobooobooooooooooo
oooooooobooboooooooooooooon
gooooooooooog

=l =l

BHtIIR EHBEIR

.

FHERE o
Sife IEEER

REEBE i

(@) R—/S—RbL—FE  (b) Y TR —HE

Fig.10 Structures of silicon based thin film solar cells.
000 (a) superstrate and (b) substrate.
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Fig.20] Schematic diagram of off-line CVD

O0000O(CHSNClL,OODOOODODOoooono
O000000o0ooooooooot2oooon
JoobDbOoHFODDOOODDOoooboobooo
gooooooooooogsnOxFO0000O0OOO
000000FTOD Fluorine doped Tin Oxide O
oOooo0oOooOoobDOooOoOooOoooUoooooo
oo0oopDO0oOoooUoopoUoooooooooo
oooooooi"2Qooo00ooooooooon
O00o0oo0oooDoUoooooooooooooo
godotobbooobboobobbouobuoooboo
O000000000000o0ooooooof2eg
goooobobobboooooobbbbooooo
gooooobobooooooooooboban
goooooopoooCoooDpoooooogoo
oo0o0o0ooOoooUooUooooooooooo
000o0o00o0oO0oO0oooUoooUoooooooog
oo0oooO0oOoooUoooUoooooooooo
oot 0o0o000000o00ooooooon
0o0ooO0o0o0oooOoooOooooooooooo
gooobdboboboubooboboooooo
goodoobobooooooooboobobon
gobobobooooooboboboboooog
0oooodboboooodbobooboooooog
ooOoo0oooOoopoOoooOoooooooogoo
go0ooDoOooOoooOoooUoooooooooo
ooooooooooooTcoUoOoooooog
gooopoooopooOoTcoooOOOOOOOOO
gooTcoOooooooonooooonooonood
goodoobobooooboboboooooo
gooooooooobooTcoooonoooooa
ogooooooooa
ooooAcCOODOODODOOOOOOOOOOOO
O0oo0oooooooopDOooooooooogo
oooooOooOoooOoooooooooooooo
0ooOoP?0000ooo00oooooooon
000000000 0e2eHy
oo0oo0o0oOoooUoopoUooooooooooo
O0000o00DoooOoooooooooooooog
googTio.0DDOCOUO0ODOCOOODOOODbOOOO
ooario.0000ouoooocvbo?2IAPCVYD
ooooof®0g0o0000oooooooooon
gooon
gooooobooboooobooboobooboboon
0000000000000 000000000P®

0000000 e 20100

oooOAPCYDOOOOOOOOTIOOODODOOO
gbobooboobooboboobobooboobog
Ooooooisg

6. 00000Onoooooog

oTcooooOouooooooooofsgoooni4
OO0000oO0oOOoooopoooooooTceossiod
oooOO0oOdoobObOOoOooboboboooooooDooo
ooooOOoOoOooooOoOoooooboogooooo
ooobDOo0oooooooooooboogoooo
OO000oooooooogooTecodonoooDO
000o00o0ooooooooooooDoogooooo
ooooooooooopoooOoboooooog/sa
oo0OOoOo0oOooDbboOoOoOoboOoboOoooooDooo
OooooOoPgoot*oooooooooon
oobDoOOoOoOo3oooooooooboooog
OO00O0O0o0OoCObDOOoOoOobooOoboOoogooobooo
O000000o0o0oooooooi"#*goooooo
ooooO0oO0oooODoOoOogooooogoooooo
gooDooooooooooooooogoooo
O00000000000o0ooooofEsgAGecOn
O0000000KmOP®¥ O O0oo0oo0oooooO
UoDOO0OA-typeld B-typel C-typel OO OO QU
Oo0O0O0ooooobOoOOoOoooobDbooobooDoDOoO
ooooooooobOoOoOooobbooOoooooDo
gooboOoooooboOooooobbooooobooo
000000000000000ooooooom
00000000 C0DOO0O000ODOOtype-sO0d
OO0OFig3000O000DODOOOOOOODOOOO
O type-U0 00000 Ctype-U Asahi type-U” O
000Do00o0o00oooooooooooooog
0000000000000 0oo0o0ogooooog
o000o0obOOoooooOoOoz2c0b0oOooDoOoO
goopDoooOoOooooTecooboOoOoOooDoOOO
OO0O0DCOOoOO00oOooooOoOooDbDtype-VuoQo
type-UODODO0O000000000O0O0O0O0O0O0O0O0O
OO00O0000oOoObDOOoOoobooooooooooo
ooooO0oodoooOoooooooogooooo
Oooooooiseg

Fig.30 SEM image of type-U TCQ’ 391



Res. Reports Asahi Glass Co, Ltd, 60 20100

7.000000000000000O

Joooodbobobooooboboboooog
goodooboobooooobobobooooooo
ooooooooooogolysevooooooo
000000000 00o0o0ooooooogllevd
oo0oo0oO0oOoooUopoUoooooooooo
O0000oU0ooooooooooooooTcod
O000000D00o0o0oUooooooooooog
gobododbobooooobooboboboo
gobobobobooooboboboboboo
Jdooooooboooooovooooboooood
O0O00o0oooUoooOooooooooooooog
ooOoooOooOoooUoooUooooooooooo
0000000000oOoooooooPoe4goon
OO0TCOOAsahi type-UO DO DOOODODO+0O
O00znOOOOOOOOODOOOLP-CVDO ZnOO
O000000D0ooO0o0oUoooUoooooooog
O0oO0ooOdOdznOOOOODOODODODOOOOOO
O00O0o0OooOofoooovooooooooo
gbooobodbobobooboobobuoboooog
O00oooOoP"¥oo00ooooovooooo
goboboobobooooobobobooooog
0DOoo0ooooP+m

000020010 00000PVSEC-120000000
oo0oooOooOoooOoopoUooooooooooo
ooooooTcoOOOOoOoOooOoOoOoOoR®aon
O0Fig40ODOOOOODOOODOODOOOOOO
00000oo0oooooooooOooooon
00000000000 00000000000t44(4
0000000000 W-textureIrCOO Fig.40 0 O
goobooboboboooobobobobooog
Joooboooooooobooooooood
cvbOOoOoOoooooOoooDOoOoOoOOoOoOoOoOooo
O0O0OOas depositionD0 D0 0000DOOOOOO
O00000OOtype-UODO0OOOOOOOTCO/SIO
O00oo0oooooooooo®"gooooooo
0000000O00o0o0poUooUooUoooog
OOO0OO0OO0Otype-UODOOOOOOOOOOOOOO
goododboboobobuobobuouoboobo
ooooooooP*gooooooooooooo
goboboooboooobobobobooog
0000000000000000000% o0
Ooopooooooooog
O0oo0opDOooOoooOoooUoooooooog
o00o0oO0ooopDUoooUooOoooUoooooo
0oo0ooP N ooo00ooooooooooo
000000ooooUooooooogossnoUlsod
gpgobooboboboboouobobobuoboboo
TCOO W-texture TCOUO OO DO DO ODOFig.5000
JoboobooobooboobonnW-textured O
goobooooobooooobobooooboooooa
Joooooooooooooooooooo?220d
O0oo0ooOooOoooooooooooooog
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Fig. 500 Quantum efficiencies of a-Si:H/uc-Si:H (thicknesses
of active layer of a-Si:H and mc-Si:H is kept at 0.35 um and
1.5 um) tandem solar cells fabricated on pyramidal textured
TCO (dashed black line) and double textured (W-texture)
TCO (solid red line).
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