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Sequential deposition as a route to high-performance
perovskite-sensitized solar cells
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Julian Burschka'*, Norman
& Michael Gritzel

Following pioneering work', solution-processable organic- inorganic
hybrid perovskites—such as CHyNH PbX, (X=CL Br, 1) have
attracted attention as light-harvesting materials for mesoscopic solar
cells® **, So far, the perovskite pigment has been deposited in a single
step onto mesoporous metal oxide films using a mixture of PbX; and
CHNH3X in a commaon solvent, However, the uncontrolled precipi

tation of the perovskite produces large morphological variations

resulting in a wide spread of photovoltaic performance in the result

ing devices, which hampers the prospects for practical applications

Here we describe a sequential deposition method for the formation of
the perovskite pigment within the porous metal oxide film. Pbl; is
first introduced from solution into a nanoporous titanium dioxide
film and subsequently transtormed into the perovskite by exposing it
to a solution of CH;NH ;1. We find that the conversion occurs within
the nanoporous host as soon as the two components come into con

tact, permitting much better control over the perovskite morphology
than is possible with the previously employed route. Using this tech

nique for the fabrication of solid-state mesoscopic solar cells greatly
increases the reproducibility of their performance and allows os
to achieve a power conversion efficiency of approximately 15 per
cent (measured under standard AML5G test conditions on solar

3-:111[11 angle, solar light intensity and cell temperature). This two

tep method should provide new opportunitics for the fabrication
of solution-processed photovoltaic cells with unprecedented power

cer’, Peng Gao',

phry-B Mohammad K. Nazeeruddin

conversion efficiencies and high stability equal to or even greater
than those of today’s best thin-film photovoltaic devices,
We prepared

wesoporows TIO, (anatase) films by spin-coating a
ase particles onto a 30-nm-thick compact
layer was deposited by aerosol spray pyro
lysis on a transparent-conducting

€ Coatex ,jhu substrate a ting
asthe electric front contact of the solar cell. Lead iodide (Pbl;) was then
introduced | e TiO; nanopores by §
(=1 M) solution of Pbl; in N.N-dimeth nide (DMF) kept at
70 'C. The use of such a high Pbl; concentration is critical to obtaining
the high loading of the mesoporous TiO; films required to fabricate
solar cells of the highest performance. Fu perimental details are
provided in Methods

ng a 462 mgml

Figure 1a presents a cross-sectional scanning electron microscopy

e absence of any Pbl; crys
orous anatase layer shows

which the Pbl, is

O, film

on of CH-NH;l in

ly from ydlow to

(SEM) image o
tals protruding fr

that our infiltration

d leads to a structt

within th

anopores of the
posite film into a sal
s its colour imn )

cating the formation of CH;NH,Pbl;. We monitored
the dynamics of the formation of the perovskite by optical absorption,




