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Outline

= State-of-art of solar cells

= Research scheme: Why nanostructured inorganic-organic hybrid
solar cells?

= Efficient inorganic-organic heterojunction hybrid solar cells
v' Sb,S;/P3HT, Sb,S;/PCPDTBT system
v CH3NH;Pb(I, Br,); (x=0 ~1)/PTAA system

* Summary
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State-of-the- Art of Solar cells

S sifcon
free electron — II-VI compounds (CdTe)
hole pair III-V compounds (GaAs)

[ Solar cells ] Polycrystalline (CIGS) J

bound electron-
hole pair

III

Dye-sensitized solar cell
(Solid-state DSSC)

Inorganic-organic
Hybrid Heterojunction
solar cells

Our research
area

Hybrid solar cells
(Nano-oxide and polymer)

Organic solar cells
(Tandem cells)
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Research scheme

Strategies: Integration of nanostructured architecture, and
solution-processable organic/inorganic materials and new light
harvesters that have high absorption-coefficient

Nanostructured inorganic architecture

(long-term stability by robust
structure) %
Ve -

e I/0 - {2 New light
g e N > Innovative Inorganic-Organic <::| harvgsters
RSl Hybrid Solar Cells (High-

2 efficiency)
Hole conducting organic materials
(low-fabrication cost by solution-

process:)
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Sb,S;/P3HT heterojunction solar cells

Sbh,S;: a high absorption 600
coefficient (1.8 x 105 cm at
450 nm) and optimum
bandgap (E; = 1.7 eV)

Sb,S, CBD on Glass
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Sb,S;/P3HT heterojunction solar cells

Current density-voltage (J-V) curves Incident-photon-to-current
conversion efficiency (IPCE)
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Nano Letters, 10,
2609 (2010) 2 9.1 465 65.5 2.92
3 12.3 556 69.9 5.06
4 11.0 535 63.8 3.97

é 6 KRICT-EPFL Global Research Lab. 6
...m Solar Energy Harvesting Systems Lab.




Nanostructured Sb,S;/P3HT heterojunction solar cells
Stability with time
Reproducibility: OK !
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Sb,S;/PCPDTBT heterojunction solar cells

J-V curves over a range of intensities 100 IPCE
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Nano Lett. 2011, 11, 4789-4793

PCPDTBT
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Sb,S;/P3HT(PCBM) heterojunction solar cells

Panchromatic Photon-Harvesting by Hole-Conducting Materials

80
‘?.".‘-'::‘h
60- £ \
40 TiO,
of = TISIP
e T/SIP-P
20-
0 . . . ’
300 400 500 600 700 800 ) \
Wavelength (nm) Sb,S; PCBM P3HT

PCBM : [6,6]-phenyl-C¢,-butyric acid methyl ester
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Sb,S;/PCPDTBT(PCBM) heterojunction solar cells

Panchromatic Photon-Harvesting by Hole-Conducting Materials
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Nano Lett. 12, 1863 (2012
TiO, T ( )
Sh,S, PCPDTBT
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Sb,(S/Se);-/P3HT Heterojunction Solar Cells with Graded Composition

Cascaded band
alignment
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Sb,S;/P3HT Heterojunction Solar Cells

(a)
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Sb,S,/mp-TiO,
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Nanocrystalline MAPbX;/PTAA heterojunction solar cells

CH;NH;PbI; materials as light .
harvester @ "o
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Perovskite/PTAA heterojunction solar cells

SEM cross-sectional image SEM surface image

CH3NH,Pbl, ~ 600 nm
/

S pl-TiO,
FTO

- Dense nanocomposite and thin upper layers
- Is different with conventional dye-sensitized structure
- Perovskite CH;NH;PbI; as both light harvester and hole conductor

é 63 KRICT-EPFL Global Research Lab. 1
vt ). Solar Energy Harvesting Systems Lab.




|Eif||cient planar heterojunction perovskite solar cells by vapour
eposition

Organic Inorganic

source source

e I Vapour-depcaite-d_
Solution-processed

c &
E 15
2
E qf
Cathode % Efficiency (%)
p-type hole transporter 5 sf \ 1 Vapour-deposited 154
-4 \ Vapour-deposited (average = s.d.) 123+20
Perovskite absorber g 0h—o —a. Solution-processed 86
n-type compact layer ° sl \ :
FTO (anode) 10 L i L -
= oo o0z o4 o0s o8 1o 1z H.J. Snaith et al., Nature,
Applied bizs voltage (1) 2013, 501, 395-398
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Perovskite/PTAA heterojunction solar cells

- Dense nanocomposite and thin upper layers
- Operate differently with conventional DSSC
- Perovskite CH;NH;PbI; as both light harvester and hole conductor

3-D mp-TiO,/perovskite nanocomposite and thin film layer]
- New platform

- . HTM

Pillared structure

3-D TiO,/CH3;NH;PbI; composites

‘A

Glass

Nature Photonics, 7, 486 (2013)
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Chemical Management of Perovskite CH;NH;Pb(I,  Br,);

Band-gap tuning (MA=CH;NH;)

MAPbBr;
- MAPbBr;
2 MAPbI-3.36
i -3.93 T
22eV
1.5 eV 5.2
\L — Au
5.44 _g'co PTAA )
_JN\_,_ e e 00 02 04 06 08 10
Nano Lett. 13, 1764—-1769 (2013) TR e S
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Chemical Management of Perovskite CH;NH;Pb(I,_ Br,);
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Nano Lett. 13, 1764—-1769 (2013)
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Chemical Management of Perovskite CH;NH;Pb(I,_ Br,);

Stability with time
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Nano Lett. 13, 1764—1769 (2013)
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Fabrication Method of Nanostructured Inorganic-
Organic Heterojunction Solar Cells, US application
13/580008
Q| 2t §3] 2 20H
=
Efficient inorganic—organic hybrid heterojunction
solar cells containing perovskite compound and
polymeric hole conductors, Nature Photonics 2| 2} 40H
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