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LETTERS TO NATURE

A low-cost, high-efficiency solar
cell based on dye-sensitized
colloidal TiO, films

Brian O'Regan* & Michael Gritzelf

Institute of Physical Chemistry, Swiss Federal Institute of Technology,
CH-1015 Lausanne, Switzerland

THE large-scale use of photovoltaic devices for electricity gener-
ation is prohibitively expensive at present: generation from existing
commercial devices costs about ten times more than conventional
methods'. Here we describe a photovoltaic cell, created from low-
to_medium-purity materials through low-cost processes, which
exhibits a commercially realistic energy-conversion efficiency. The
device is based on a 10-pm-thick, optically transparent film of
titanium dioxide particles a few nanometres in size, coated with
a monolayer of a charge-transfer dye to sensitize the film for light
harvesting. Because of the high surface area of the semiconductor
film and the ideal $pectral characteristics of the dye, the device
harvests a high proportion of the incident solar energy flux (46%)
and shows exceptionally high efficiencies for the comversion of
incident photons to electrical current (more than 80% ). The overall
light-to-electric energy conversion yield is 7.1-7.9% in simulated
solar light and 12% in diffuse daylight. The large current densities
(greater than 12 mA cm™?) and exceptional stability (sustaining
at least five million turnovers without decomposition), as well as
the low cost, make practical applications feasible.

* Present address: Department of Chx y. L y of \gton, Seattle, gton 98195,
USA.
1 To whom

should be

NATURE - VOL 353 - 24 OCTOBER 1991 737

Nature, 1991, 353, pp737.



ROJANAMKGEEMIE BREBERKEELORRNDL,

@

BRRERIEY
FEXED




B BT ERIERIE (CH3NH3PLI3DIZE)

CH,NH,PbL,

CH,NH,I + Pbl, —
( tetragonal )




Formation of Perovskite structure

Perovskite

Integration of

thvl Higher
me yammonlumf ;‘ ¥ ;I temperature
» P~ iodide ° P

L ° ° -
5 b ‘: :Sl
J
Pbl,
den3|ty 6.16 g/lcm?® (CH,NH,)PblI,
denS|ty 4 g/cm3

2 2
- . ‘3 L
o Q Q .
o Q *& »
° °
% o K & %

17



INGARZRAROT RAAA bR RIRF AL =S RE R KEGE
e

Efficient Hybrid Solar Cells Based on
Meso-Superstructured Organometal
Halide Perovskites

Michael M. Lee,” Joél Teuscher,’ Tsutomu Miyasaka,? Takurou N. Murakami,>*
Henry J. Snaith'*

We report on a solution-processable solar cell that overcomes the
fundamental losses of organic absorbers and disordered metal oxides.
We followed the ETA approach and used a perovskite absorber and
mesoporous T10, as the transparent n-type component. and 2.2(7.7(-
tetrakis-(V.N-di-pmethoxyphenylamine)9 9(-spirobifluorene)))  (spiro-
OMeTAD) as the transparent p-type hole conductor. These devices ex-




ETA (Extremely Thin Absorber) A& %t
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Transparent - Transparent 5 | RN o
n-type - p-type oB ;
semiconductor semiconductor a5 '
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2 55 h !
s VB 53 |
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n-type CdS p-type
TiO, absorber CusCN
L Figure 4. Measured energy band levels of components of the TiO»/CdS/

CuSCN cell; CB* of TiO2 was taken from the literature; CB of the CdS
. coating was calculated by adding the absorption onset of 2.2 eV to the VB
nght absorber value; and VB values were measured as ionization potentials.

(ex. CdS) G. Larramona et. al. Chem. Mater. 2006, 18, 1688-1696
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Dopant-Free Polymer HTM-Based CsPbl,Br Solar Cells with

Efficiency Over 17% in Sunlight and 34% in Indoor Light

Zhanglin Guo,* Ajay Kumar Jena, Izuru Takei, Masashi lkegami, Ayumi Ishii,
Youhei Numata, Naoyuki Shibayama, and Tsutomu Miyasaka* Adv. Func. Mat. 2021, 31, 2103614
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