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Research Motivation — Nano Solar Cell
Market: 2.4B$(2006), 3.0B$(2008)

(NT Market Evaluation, BBC)
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y8 2. Increased Carrier Collection Efficiency
28 ¥k. Nanocrystal / Nanoparticle Structure.
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Solar Cell

Issue ?

Poly silicon Solar cell using Low-reflective

honeycomb-textured structure
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Newly developed PV cell Current PV cell
(Lower reflection and crystal grains can (Higher reflection and crystal grains can
hardly be seen.) clearly be seen.)
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eProduction Cost

eAbundance of
natural resources

New materials is needed for solar cell
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Solar cell

Table I. Confirmed terrestrial cell and submodule efficiencies measured under the global AM1-5 spectrum
(1000W/m") at 25°C

Classification” Effic.' (%) Area’ Vie e FF'  Test centre Description
(em) (V) (mAlem®) (%) (and date)

Silicon
Si (crystalline) 247405 400 (da) 0706 422 82-8 Sandia (399) UNSW PERL'
Si (multicrystalline®) 20305 1002 (ap) 0:664 377 809 NREL (5/04) FhG-ISE"!
Si (thin-film transfer) 16604 4017 (ap) 0645 328 782 FhG-ISE (7/01)  U. Stutigart (45 pm thick)'?
Si (thin-film submodule) 10-4+03 94-0 (ap) 0492° 29.5% 72-1 FhG-ISE (8/07)  CSG Solar (1-2 pm on glass:
20 cells)'?
-V cells
GaAs (crystalline) 259408 0998 (ap) 1038 294 847 FhG-ISE (12/07) Radboud U. Nijmegen®
GaAs (thin film) 245£05 1002 (y 1029 288 825 FhG-ISE (5/05)  Radboud U. Nijmcgcn’
GaAs (multicrystalline) 182405 4011 (1) 0994 230 797 NREL(11/95)  RTL Ge substrate'
InP (crystalline) 219407  402¢) 0878 293 854 NREL (480 Spire, epitaxial"®
Thin-film chalcogenide
CIGS (cell) 19-24£06" 0994(ap) 0716 333 80.3 NREL (1/08) NREL, CIGS on glass”
CIGS (submodule) 16604  160(ap) 0661 334" 751 FhG-ISE (3/00) U. Uppsala, four serial cells'®
CdTe (cell) 16:5+0:5° 1.032 (ap) 0845 259 755 NREL (901) NREL, mesa on glass’
Amorphous/nanocrystalline Si
Si (amorphous)** 95403 1.070 (ap) 0859 175 630 NREL (4/03) U. Neuchatel®
Si (nanocrystalline) 10-1£02 1199 (ap) 0:539 244 766 JQA (12097) Kaneka (2 pm on glass)"”
Photochemical
Dye sensitised'’ 10403  1.004ap) 0729 218 652 AIST (8/05) Sharp™”
Dye sensitised (submodule)’’  82+03 2545 (ap) 0703" 190" 612 AIST (1207) Sharp, nine serial cells’
Dye sensitised (submodule)’’ 82403 1850 (ap) 0659° 198" 629 AIST (608) Sany, eight serial cells"
Organic
Organic polymer'! 515+£03  1-021(ap) 0-876 940 625 NREL(12/06) Konarka®'
Organic (submodule)'’ 1-1+£03 2328 (ap) 293 0072 512 NREL (3/08) Plextronics (P3HT/PCBM)”
Multijunction devices
GalnP/GaAs/Ge 32015 39891 2622 1437 850 NREL (103) Spectrolab (monolithic)
GalnP/GaAs 303 40 (1) 2488 1422 856 JQA (4/96) Japan Energy (monolithic)™*
GaAs/CIS (thin film) 258413 400 () — — — NREL (11/89)  Kopin/Boeing (4-terminal)™
a-Si/pe-Si (thin submodule)™ 117 £04 14-23(ap) 5-462 299 713 AIST (9/04) Kaneka (thin film)™*
m _ Prog. Photovolt: Res. Appl. 2008; 16:435-440 @. Lt HIISRL AR
s wa s ncratrseies

History of OSC

1. 2388 — PSHT:PCBM(1:4), n=0.2%, J.C. Hummelen et al, Synthetic Metal, 2003, 138,
2. 2383 — P3HT:PCBM (1:1), n=3.5%, F. Padingger et al, Aav. Funct. Mater., 2003, 713,

3. 2004 — P3HT:PCBM (

4. 2005 — P3HT:PCBM (
5749

5. 2005 - P3HT:-PCBM
6. 2005 — P3HT:PCBM
7. 2006 — P3HT:PCBM

8. 2006 — P3HT-PCBM
1669

9. 2006 — P3HT:PCBM (1:0.8), n=5%, K. Lee et al, Aav. Mater., 2006, 18, 572
10. 2007 — PCPDTBT:PC718BM (1:2), n=5.5%, G.C. Bazan et al, Nature Mater., 2007, 6, 1
11. 2009 - new polymer, n=5.5%, http://www.toray.co.jp (2009.03.23)

1:1), n=5%, Christoph J. Brabec (SIEMENS)
1:0.6), n=5.2%, Marisol Reyes—Reyes et al, Org. Lett, 2005, 7,
.8), n=4.9%, K. Kim et al, App. Phys. Lett., 2005, 87

), n=4.4%, Youngkyoo Kim et al, Nature Mater., 2006, 5, 197
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0

:2), n=4.4%, Y. Yang et al, Nature Mater., 2005, 4, 864,

0

|

1), n=5%, P. Schilinsky et al, Aav. Funct. Mater., 2006, 16,
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Cf). 2007 - P3HT:PCBM (1:0.8) /PCPDTBT:PC71BM, n>6%, TiOx optical spacer,
Tandem, K. Lee et al, Science, 2007, 317, 222
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Tandem OSC

Tandem Polymer Solar Cells

Efficiency= 6.5%.

_Ti0,
PCPDTBT:PCBM
PEDOT:PSS

The TiOx layer serves as an electron transport and collecting layer
Kwanghee Lee & Alan J. Heeger, Science 2007
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2009 - new polymer, n=5.5%, http://www.toray.co.ip (2009.03.23)
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TDPTD
Spincasting

/ H Imprinting
\ / n 1 with Si mold

(b) ooy 3.75eV

4.3 eV
i
4.7 eV
T

ITO TDPTD PCBM Al

Ala}  J (mAfem®) v (V) FF  PCE(%F

1
W
Control cell | 0.58 0.78 (134 0.25
PCBM

Imprinted cell
spincasting {700 nm} 1.57 | 0.78 0.47 0.66
Imprinted cell
~— Cathode
~—— Acceptor
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M.S. Kim et al. APL 90, 123113, 2007
(Power conversion efficiency: 0.8 %)
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