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Time evolution of SWNT lengths
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NREL solar cell efficiency chart

http://www.nrel.gov/ncpv/images/efficiency_chart.jpg



Organic Thin Film
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CNT for Organic Thin Film
Normal structure

Inverted structure

Il Jeon et al.,
JACS

137 (2015) 7982. I. Jeon et al., Sci. Rep., 6 (2016) 31348.

Sandwich HNO3:3.7 % Bridge MoOx:3.1 %



Perovskite Solar Cells

• Use of Perovskite PCE 3.8 %
A. Kojima, et al., J. Am. Chem. Soc., 
2009

• Solid state solar cell PCE 10.9 %
M. M. Lee, et al., Science, 2012 

• High PCE 20.1 %
N. J. Jeon, et al., Nature, 2014

・PCE record 22.1% 2016
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Organic-Inorganic Hybrid Perovskite Solar Cells
Normal structure Inverted structure

Glass
FTO

TiO2
Perovskite

Spiro-MeOTAD
Au

Pero
vskite

3.75

5.3
5.1
Au

4.5
FTO

TiO2

4.0

7.4

Spiro-
MeTAD

2.0

5.2

En
er

gy
 le

ve
l (

eV
 v

s 
va

cu
um

)

e

+ + +

e

e Pero
vskite

3.75

5.3

PC61BM

3.8

6.01

4.3
Al4.8

ITO

PEDOT:
PSS

5.1

e

+
+

+

e

e

Glass
ITO

PEDOT:PSS
Perovskite

PCBM
AlM = Pb2+, Sn2+, Cs2+, 

Rb2+

A = Methylammonium (MA), CH3NH3
+

Formamidinium (FA), CH3(NH2)2
+

Guanidinium (Gua), CH6N3
+

X = I-, Cl-, Br-

MAPbI3: CH3NH3PbI3

Perovskite: AMX3



Diluted HNO3-SWNT
PEDOT:PSS
CH3NH3PbI3

Glass/PET Substrate

PC61BM
Al

SWNT
Modified-PEDOT

CH3NH3PbI3

Glass Substrate

PC61BM
Al

I. Jeon, T. Chiba, C. Delacou, Y. Guo, A. Kaskela, O. Reynaud, E. I. Kauppinen, 
S. Maruyama, Y. Matsuo, Nano Lett., 15 (2015) 6665.

Substrate Anode HTL VOC
(V)

JSC
(mA/cm2) FF PCE 

(%)
Glass ITO PEDOT:PSS 0.83 16.3 0.64 9.05
Glass SWNT IPA-PEDOT:PSS 0.77 11.1 0.50 4.27
Glass SWNT Surfactant-PEDOT:PSS 0.61 11.8 0.38 2.71

Glass 70 v/v% HNO3-SWNT PEDOT:PSS 0.77 14.4 0.55 6.09

Glass 50 v/v% HNO3-SWNT PEDOT:PSS 0.76 14.5 0.52 5.84
Glass 35 v/v% HNO3-SWNT PEDOT:PSS 0.79 14.9 0.54 6.32
Glass 15 v/v% HNO3-SWNT PEDOT:PSS 0.77 13.6 0.39 3.88
PET 35 v/v% HNO3-SWNT PEDOT:PSS 0.71 11.80 0.56 5.38

ITO-Free Perovskite Solar Cells



Carbon nanotubes vs graphene for inverted PSC

I. Jeon, J. Yoon, N. Ahn, M. Atwa, C. Delacou, A. Anisimov, E. Kauppinen, M. 
Choi, S. Maruyama, Y. Matsuo, J. Phys. Chem. Lett., 8 (2017) 5395.



CNT Electrode (PMMA Layer for Stability)CNT Electrode (PMMA Layer for Stability)

Takahiro Sakaguchi,Il Jeon,Takaaki Chiba,Ahmed Shawky, Esko I. Kauppinen,Rong
Xiang,Shohei Chiashi, Nam-Gyu Park*,Yutaka Matsuo*,Shigeo Maruyama*



CNT Electrode in Perovskite Solar CellsCNT Electrode in Perovskite Solar Cells

Namyoung Ahn, Il Jeon, Jungjin Yoon, Esko I. Kauppinen, Yutaka Matsuo*, 
Shigeo Maruyama*, Mansoo Choi*, J. Mater. Chem. A, 6(2018)1382.

Electrode type Scan direction VOC (V) JSC (mA/cm2) FF PCE (%) Hysteresis Index

CNT + spiro-MeOTAD
Reverse 1.08 23.8 0.66 17.0

0.013
Forward 1.07 23.7 0.66 16.8

CNT + PTAA
Reverse 0.98 22.9 0.68 15.2

0.007
Forward 0.98 23.0 0.68 15.3

CNT + P3HT
Reverse 0.88 21.4 0.66 12.5

0.016
Forward 0.88 21.5 0.65 12.3

Bare CNT
Reverse 0.93 21.8 0.65 13.2

0.038Forward 0.92 21.8 0.63 12.7
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C60

Glass
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PC61BM-Soaked CNTs as Cathode

Il Jeon, Seungju Seo, Yuta Sato, Clement Delacou, Anton Anisimov, Kazu Suenaga, 
Esko I. Kauppinen, Shigeo Maruyama*, Yutaka Matsuo*, J. Phys. Chem. C, 121 (2017) 25743.



CNT for both Cathode and Anode Electrodes

Il Jeon, Seungju Seo, Yuta Sato, Clement Delacou, Anton Anisimov, Kazu Suenaga, 
Esko I. Kauppinen, Shigeo Maruyama*, Yutaka Matsuo*, J. Phys. Chem. C, 121 (2017) 25743.



Metal endohedral fullerene, Li+@C60

I. Jeon, H. Ueno, S. Seo, K. Aitola, R. Nishikubo, A. Saeki, H.
Okada, G. Boschloo, S. Maruyama, Y. Matsuo, Angew. Chem. 

Int. Ed. 2018, in press. [DOI: 10.1002/anie.201800816].
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