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IR AV KEBHRICEITHIEEALAD

B E5HERIER (light in-coupling) 133 AR film/
B JtEALAS (light trapping) Class AR structure
B RIVE KK (parasitic absorption)

TCO
a-Siluc-Sia> T Ltz
n > 15% MDERIZIE

Jsc (tandem) > 15 mA/cm? M —
\ Buffer layer

Jsc (ne-Si:H) > 30 mA/cm? p-i-n type

High-%T TCO

High-%T
doped layers

Textures

Rear reflector

(1992) 129.
[2] S. Fay, SOLMAT 86 (2005) 385.
[3] M. Berginski, JAP 101 (2007) 074903. &
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WiEaR )32 (ue-Si:H) KGR DO AL A H

Potential EQE of uc-Si:H

Light trapping required
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B IR —k(n-i-p) $E1& + FEAEETIORTF ¥

Y IR —FEEEREZIL...
o MA(TCO)RAEETIVRAFYREZIYDIT

(B%E)F/E—ILRTHRIREEELT1=ZnOE R vV oy
Battaglia et al., Nature photonics 5 (2011) 535.
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Bt - BAREE Periodic texture

« U LEET LRSHHFACADERN IR
Z. Yu, A. Raman, S. Fan, PNAS 107 (2010)17491.
o RFEIIaL—TarEDHMME (ASEREH)
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INHLTHORFEIFE

A. Patterning by photolithography

Photoresist

Supporting substrate

B. Wet etching with HF+NH,F aq.
Period

P=1~4pm

Aspect ratio

C. Ag/ZnO coating H/P=0~0.3
" . it
D/P=0.3~0.5
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nc-Si:HA R Eth 0D #E 8

D. Cell fabrication (PECVD & sputtering)

Ag grid AR-TCO

p
i

n
Periodic texture

Active area = 1 cm?

n uc-Si:H nc-SiOx:H
, uc-Si:H
I Thickness t;= 0.5 — 3 um
p uc-Si:H nc-SiOx:H
TCO In,04:Sn (ITO) In,O4:H (IOH)* *Koida et al., JJAP 46 (2007) L685.
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T AN LR

B J,. improved by +43% compared to a flat cell
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Sai et al., APL 101 (2012) 173901.
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*Sai & Kondo, JAP 105 (2009) 094511.
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RFAREFIE s
32 T T T T T T [) T T
30 ¢ ~3 um + (p)SiOx : Optimal P Jsc
28-— C | mA/cm?
: t~2
T % HM ]
O | Patterned |
< S 1 1.5 25.5
P 2 2.5 27.8
—
3 3~4 30.2

B Optimal P <> Cell thickness

In thick cells, Jg¢ is

00 05 10 15 20 25 30 35 40

(Average) Period, P (um) (i) higher at longer P

(ii) less sensitive to P
Sai et al., APL 102 (2013) 053509.
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X-TEM (¢, = 3 um)

C.:.P=1.5um

i. Surface flattening
ii. Texture-induced defects

iii. Non-uniform coverage

Sai et al., APL 102 (2013) 053509.

Growth
direction

C

1.5 0.460 28.3 0.658 8.6

D

3 0.480 30.3 0.688 10.0
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In case of: PECVD film growth on textured substrates with moderate aspect ratios
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NZALTHORAFvICEHEMELL

VOC

\'

Jsc
mA/cm?2

FF

P=15um 1 | uc-Si puc-Si 0519 26.7 0.746 10.3
P=25um 2 SiO, SiOy, 0510 28.7 0.732 10.7
P=3um 3 SiOy pc-Si 0.500  30.1 0.693 10.4 In,O,:H
KANEKA* .. 25.8 10.7
random 2 i i 0.539 24 4 (ap)** 0.766 10.1(ap)**

*Yamamoto, IEEE Trans. Electron Devices 46 (1999) 2041.
**Solar Cell efficiency tables (ver. 41), PIP 21 (2012) 1.

Active area, 1cm?

B 1 > 10% in the range of f;= 1 — 3 um with optimized P.

B Highest n = 10.7% (active area) with ;=2 um and P = 2.5 um.

B Room for improvement in V5 & FF.

sriTEEA FEE e TR S i F P

B w4l

KRBT HEWE /Y —



n = 10.5% (da) confirmed

P=2.5um

t =2 um

w/ In,05:H

AIST cal. lab.
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0.521

28.17

0.716

13

Power (min)

10.5

In-house

active

0.524

29.04

0.725

11.0

Date :
Data HNo :
SCl1z27-01
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27 Feb 2013

Sample Ho @

Slﬂlﬂﬁl—l
ke ia i A

Repeat Times : 9

Tec 28.00 mh
Vo 0.521 WV
Prax 10.47 mW
Iomax 25.21 mt
Vommnz 0.41¢ V
F.F. 71.6 %
Eff(da) 10.5 %
DTemp:. 25.0 C
MTemr:. 25.0 C

DIrr. 100
MIrr. o5

.0 mW/cme
.9 mW/cml

Bef. Device Ho

83307

Cal. Val. of BEef.

126.05 [mR atlOOmW/cmZ]
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B A X-BRAHIE R FRABEN ST HNZHLTIRF v ERE
FAFELpuc-Si:HARRGE M@ A

® RETANRYLE  :0.2-0.25

all

® x:E [E A 1 < BEEAEE < 1.5
B EEFELENZALTIRAF R ERIERIERIZELY Jge > 30 mA/cm?
ZER
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