Developing of Silicon thin-film solar cells
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Hydrogenated proto-crystalline silicon: pc-Si:H
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pm-Si:H: Defect absorption
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a-Si:H/uc-S1:H tandem cell: micromorph cell

Glass * IMT pioneered in 1994

—_— the pc-Si:H/a-Si:H

a-SizH(top cell) or « micromorph » tandem
0.2-0.3 pm

Le-SizH (bottom cell)
1.5-2um

Back contact

1 T
%m . * In such a micromorph tandem,
£ ool the solar spectrum is ideally shared
%0‘ between top (a-Si:H) and
£ bottom (uc-Si:H) cell.
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a-Si:H/pc-Si:H tandem solar cell (MHI)
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Figure 5: Characteristic of a-Si/mc-Si tandem
junction module
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Figure 8: Initial characteristics of a-Si/me-Si tandem
module with increased thickness of absorbers.

Top cell: 280 nm
Bottom cell: 2,000 nm

Y. Ue, et al, 25th EU PVSEC, 6-10 Sep. 2010, Valencia, Spain
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Oerlikon Solar: KAI systems
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Figure 3: (V) characteristic and parameters of a 1.4 m®
a-S1:H single junction module comprising the absorber3
layer with a thickness of 220 nm. On the secondary axis
the relative light induced degradation of corresponding
cells is shown. A stabilized module power of 110.8 W is
achieved.
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0.8

Current (A)
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Figure 6: I(V) curve and parameters of a typical
Micromorph module that includes the latest processes
developed m the Oerlikon Solar pilot line. The low
relative degradation due to the new top cell allows for
stabilized total area efficiency over 10%.

M. Fecioru-Morariu, et al, 25th EU PVSEC, 6-10 Sep. 2010, Valencia, Spain
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a-S1:H/a-S1Ge:H tandem cell
l(i} a-Sifa-SiGe tandem structurel |(iii) High-speed patterning
a-SiGe
a-Si
/ Glass substrate (iv) Large-area
(~5000 cm2)
(if) High-rate deposition submodule
of photovoltaic layers
WGlass superstrate structure
Maruyama et al., Solar Energy Materials & Solar cells 74 (2002)
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USO: a-SiGe:H and nc-Si:H based multi-junction solar

cells

light light
a
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aSiH a-SiGe:H
n n n
0| P P
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n| n| n
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Figure 1: Schematic of three a-SiGe:H and ne-Si:H
based multi-junction cell structures investigated in this

study.
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Figure 2: Initial and stable a-Si:H/a-SiGe:H double-
junction cell efficiency as a function of a-SiGe:H layer
deposition rate. The active-area cell size is 0.25 cm’.

X. Xu, et al, 25th EU PVSEC, 6-10 Sep. 2010, Valencia, Spain
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USO: a-SiGe:H and nc-Si:H based multi-junction solar cells

Table IT: J-V characteristics comparison between large-area encapsulated a-Si:H/a-SiGe:H double-junction and a-Si:H/a-
SiGe H/a-SiGe:H triple-junction cells. The cell aperture area is ~464 cm®. Light soaking was performed under one-sun light
intensity. open circuit, and at 50 “C for 1000 hours.

‘ Sample ‘ Ve ‘ U ‘ Efficiency
# Cell Structure State V) (mA/cm?) .EF (%)
9542 Si/SiGe/SiGe triple Initial 2.29 1255 0.66 11.0
Si/SiGe/SiGe triple Stable 2.18 7.20 0.64 10.0
9179 Si/SiGe/SiGe triple Initial 233 7.10 0.67 11.1
Si/SiGe/SiGe triple Stable 2.22 7.05 0.63 10.0
Stable ave. 2.20 I1E8 0.64 10.0
9030 Si/SiGe double Initial 1.69 9.61 0.66 10.8
Si/SiGe double Stable 1.64 0555 0.62 9.7
9035 Si/SiGe double Initial 1.69 9.57 0.66 10.7
S1/SiGe double Stable 1.64 9352 0.62 077
Stable ave. 1.64 9.53 0.62 9.7
Triple/Double Stable average 135 0.75 1.03 1.03

X. Xu, et al, 25th EU PVSEC, 6-10 Sep. 2010, Valencia, Spain

15



= FUL A

p— National ChungHsing University

Si:H/ne-S1:H/me-Si:H triple-junction cells. .

Table IV: Comparison of Light-induced degradation for
encapsulated, 1 cm? a-Si-H/a-SiGe:H/a-SiGe:H and a-

Voo QErep QEpigae | QBsomm | Efficiency

Sample State ) FF_| (mAlcm?) | (mAem?) | (marcm?) (%)

Initial 232 | 075 | 660 742 769 114

a-siGe Stable 224 | 072 | 652 7.08 735 104
Degradation

(%) 34% |42% | 12% 4.6% 44% 8.6%

Initial 189 | 074 | 947 903 8.80 122

nesi Stable 188 | 071 8.87 896 875 17
Degradation

(%) 08% |29% | 33% 0.8% 06% 4.2%

12
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n
310 -
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S
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§ 8 @ RFSiGe E—
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g7 S—
a AVHE nessi
6
0 0.5 1 1.5 2 25
Deposition Time (Normalized)
Figure 5: Best stabilized efficiency of large-area

encapsulated cell, with aperture area of ~400 cm’, as a
function of deposition time, normalized to the current RF

USO: a-SiGe:H and nc-Si:H based multi-junction solar cells

S
™
=
N
fiells

manufacturing time at USO.

X. Xu, et al, 25th EU PVSEC, 6-10 Sep. 2010, Valencia, Spain e
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a-Si:H/pc-Si:H tandem solar cell (Kaneka)

N, Back Reflector

thin film
poly-Si
Bottom Cell

—
Interlayer
S

Current (mA/fcm?)

Sun-Light
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AM1.3, 259deg.
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source simulator

sk 4
Jsc: 14 AmAjcm?
Yoo 141v
FF. 0728
eff.: 14.7%
n n 1 n n " n 1 n n
0 05 1.0

Voltage (V) .

Yamamoto, K. et.al., Solar Energy, 77, 939-949(2004).
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a-Si:H/interlayer/uc-Si:H tandem cell
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quantum wells
BandC

B E C F D
Fig. 1. An idea of proposed solar cell structure,
A- Nanostructured front electrode
B- Silicon thin film with homogenous nanocrystallites
C- a-Si:H/a-Ge:H or a-Si:H/pe-Si:H Quantum Wells
D- Combination of Bragg Mirror and Lambertian
Surface in the form of the back electrode
E- Photon from the radiative recombination reflected by
this “D” electrode
F- Not absorbed photons reflected by this “D” electrode.

A. Kolodziej, et al, 25th EU PVSEC, 6-10 Sep. 2010, Valencia, Spain
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pc-Si:H/a-Si:H multilayer = & & #

T
warming up - i - multilayer deposition
((close the shutter) (open the shutter of the UV lamp)

1 cycle N cycles

AL

Hw|||||wwMw||w:llwllw\ulllllwHw\llul\llwu\lllll\w
0 [} 12 18 24 30 36 42 BN+12
Process time (min)

Schematic diagram of alternated hydrogen
dilution for an i—pc-Si:H multilayer deposition

S.Y. Myong et al. / Solar Energy Materials & Solar Cells 85 (2005) 133-140
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pc-Si:H/a-Si:H multilayer = & %
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pc-Si:H/a-Si:H multilayer solar cell
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Jiang, Y.L.; Shih, P.T.; Kuo, T.C, Appl. Phys. Lett., 92, 101915(2008).
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a-Si:H/uc-Si:H/uc-Ge:H
Material EHE [eV] Ref.
c-Si 1.1 [5]
a-Si:H 1.5-1.8 [5]
a-SiC:H 1.76:2.2 [6]
pe-Si:H 1.1 [5]
a-SiGe:H 1.6-1.4 [3]
ne-SiGe:H 0.7-1.1 [7
c-Ge 0.67/0.79 [8]
T [K] single tandem triple
Top top bot top  nud bot
293 1.34 1.60 094 | 190 136 094
301 1.34 1.60 094 | 190 136 094
333 1.34 1.60 094 1 190 136 094
401 1.36 1.72 1.12 | 1.90 136 094
C. Feser, et al, 25th EU PVSEC, 6-10 Sep. 2010, Valencia, Spain
® ER R LR AR E

Lop middle e V]

National ChungHsing University

a-S1:H/uc-Si:H/uc-Ge:H

(.94 K hollom |eV] o
e e T
- L il / 0.70
14 ’///// /////Lw_ i / / / / / 33«:3
- T S
AN
NN ‘ /U,M;// / ] N
12} N\ //4,21'7%/ // / 0
Ne N/
11 \{\ \ J/J\ZZ ‘}{3&4‘

Egptop [eV]

1.6 1.7 18 1.9 24 2

External Quantum Efficiency

05

0.7 0.9 L1
Wavelength [um]
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Fig.4: EQE of an triple cell with IR of a-Si:H/uc-
S1:H/pc-Ge:H solar cell simulated with Sentaurus TCAD.
The purple line describes the EQE of the whole cell, the
blue, green and red curves the EQE’s of the top (180

nm), middle (3um) and bottom (90 nm) cell.

e The E,,, combination with (1.90/1.34/0.94)eV leads
to a the maximum efficiency of 51 % .

C. Feser, et al, 25th EU PVSEC, 6-10 Sep. 2010, Valencia, Spain

23



= FU A

National ChungHsing University

ArRLEFRy EH-di%a
ﬁsl"’ f—ag-gr'\‘ F%\L

gy s g Rw

TR
WO BB ok AT 4

7y —

ée
&
&

+

Single junction

L i 2% % (%)
a-Si:H 9.4051
AIST a-SiGe:H 7.26052
1 c-Si:H 9.1053
Kaneka a-Si 10.654
a-Si:H 9.5159
MHI nc-Si:H 8.81%3]
Sanyo a-SiGe:H 8.9156]
Sha a-Si:H 8.250571
P [ c-SiH 9,45
. a-Si:H 10.6[44
United solar 1o-Si-H 9 20501
N a-Si:H 10.2159
IMT-Neuchatel 1o-SiH 10,9101
Ecole Polytechnique 1 c-Si:H 8.3[61]
a-Si:H 7.69162]
P a-Si:H 6.57163]
RaR % 1 c-Si:H 8.65064
ZFE AL LK T AR %
National ChungHsing University
S Y EE e I P A T
B EE R RS TR B oo e 4
Tandem
Ll B 2% (%)
a-Si:H/pc-Si:H 10.4169]
AIST
S a-Si:H/ y ¢-Si; Ge :H 11.202]
. a-Si:H/ . 15011
Kaneka interlayer/pc-Si:H
a-Si:H/pc-Si:H 14.7166]
MHI a-Si:H/pc-Si:H 13.4167
a-Si:H/a-SiGe:H 8.690681
Sharp a-Si:H/pc-Si:H 12.14156
a-Si:H/a-Si:H 11.40441
United solar a-Si:H/a-SiGe:H 14.4144
a-Si:H/pc-Si:H 11.9199
IMT-Neuchatel a-Si:H/pc-Si:H 12.3070]
Ecole Polytechnique a-Si:H/pc-Si:H 11.2071
a-Si:H/pc-Si:H 12.4172)
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Triple junction
Pl B 225 (%)
a-Si:H/a-SiGe:H/a-SiGe:H 14.6[44
United Solar a-Si:H/nc-Si:H/nc-Si:H 13.4049]
a-Si:H/a-SiGe:H/nc-Si:H 15.4050]
Sharp Corporation a-SiC:H/a-SiGe:H/a-SiGe:H 12.4173]
ZFI AT LT AP B
National ChungHsing University
<\ o ' e 2 - +
ARE R LR RGP 2 A S L
FARAPEABL TP AT
R B 4p
If:f;l NH-IOOAX-173A| NH-100AX-1_4A | NH-100AT 3A |NH-100AT74A NT-135AX | NT-140AX
Cell type a-Si:H a-Si:H/pc-Si:H
Pmax (W) 95 [ 100 [ 95 [ 100 135 [ 140
Dimension 1.1x1.4 1.1x1.4
(m)
2 F (%) 6.17 6.49 6.17 6.49 8.8 9.1
W i ESTET EETE i
Model
GET M140000 CSSS-100 SA-100 SA-130
name
Cell type a-Si:H a-Si:H/pc-Si:H a-Si:H a-Si:H a-Si:H/pc-Si:H
Pmax (W) 343 140 100 100 130
sz‘::)sm 26x22 1.1x1.3 Lix1.4 1.1x1.4
2 (%) 6 10 6.49 6.49 [ 8.5
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AN EY ' e P 2 +
AR R E R LA SRR
PR R e SR !
B3 MHI Kaneka Shat
i3 p
Model MT130 MA100| G-EA060 T-EC120 |T-ED120| P-LEOSS | NA-V142H5 [NA-V135HS5
Cell type | a-Si:H/pc-Si:H | a-Si:H a-Si:H a-Si:H/pc-Si:H
Pmax (W) 130 100 60 120 120 55 142 135
Dimension 1.1x 0.96x | 0.99x
(m) 1.1x14 14 0.99x0.96 | 0.99x1.92 1.98 0.99 1.0x1.4
»e 5 (%) 8.44 6.49 6.31 6.31 6.31 5.61 10 9.5
Z T AT LMk TARIHT
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