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Abstract

Perovskite solar cells with high performances typi-
cally use anatase TiO: as electron transporting layers
(ETLs); however, they require high temperature sintering
up to 500°C. Here, we demonstrate the atomically thin
perovskite oxide CazNb3O10 (CNO) as an alternative ETL.
The CNO layers can be deposited by low-temperature so-
lution process and the resulting cell performances can be
as high as 11.56%, which makes CNO a highly promising
material as ETLs.

1. Introduction

Organic-inorganic lead halide (CH3sNH3;PbX3, X=Cl, Br,
or I) perovskite solar cells (PVSCs) have attracted huge at-
tention with its remarkably increasing in power conversion
efficiency to 22.1% within few years. The organic-inorganic
lead halide perovskite has superior properties such as low
temperature processability, high absorption coefficient, long
carrier diffusion lengths, and low binding energies of elec-
tron-hole pairs. The conventional PVSCs usually consist of
electron transporting layers and hole transporting layers
(HTLs) to extract electrons and holes to the electrodes. Typi-
cally, compact TiO, is used in the planar heterojunction
PVSCs as ETLs. However, high temperature sintering
(~500°C) is required to attain an anatase phase TiO; for better
charge transferring ability and this may limit the usages of
flexible substrates. [1-4]

In this work, we demonstrate a two-dimensional atomi-
cally thin perovskite oxide Ca;Nb3zOjo as ETL in PVSCs. The
CNO atomic sheets suspension were prepared by chemical
exfoliation of layered perovskite oxide (KCa,;Nb3O1) under
room temperature and the thickness of the sheets is only
~1.5nm (Fig. 1a).
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Fig.1 (a) Structure of CazNb3O10 atomic sheets. (b) Device archi-
tecture of the FTO/CNO/perovskite/Spiro-OMeTAD/Au solar cells
tested in this study.

The CNO atomic sheets monolayer were deposited onto
the FTO glass layered-by-layered with Langmuir-Blodgett
(LB) deposition method. Then the perovskite and Spiro-
OMeTAD HTL were spin coated onto the CNO respectively
and finally the gold top electrode was deposited by thermal
evaporation (Fig. 1b). The whole process could be manipu-
lated under 120°C.

2. Results and discussion

The photovoltaic characteristics of the devices were
measured under simulated A.M. 1.5 illumination with inten-
sity of 100mW/cm?. The current density-voltage curves and
the corresponding values of open-circuit voltage (Voc), short-
circuit current density (Js), fill factor (FF), and power con-
version efficiency (PCE) are shown in Fig. 2 and Table I.
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Fig. 2 Current density-voltage curves of devices with different elec-
tron transporting layers. 1L, 3L, 5L, and 10L CNO indicates the re-
peating LB process for deposited CNO 1, 3, 5, and 10 times.

For devices with 1L and 3L CNO, the PCE were rela-
tively low with 9.36% and 10.29%, resulting from the incom-
plete coverage of CNO layers (Fig. 3a and b). Devices with
5L CNO had superior PCE of 11.56% for the fully coverage
of CNO film, which is shown in Fig. 3c. However, despite the
complete coverage in 10L CNO (Fig. 3d), the slightly de-
creased in PCE of 10.68% was observed in these devices re-
sulting from the lower conductivity with increasing ETL
thickness.
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Table I Characteristics of perovskite solar cells with different
electron transporting layers

ETL v, J,. FF PCE,, PCE,,
(V) (mA/em?) (%) (%) (%)
NoETL 092 1472 3571 484  3.6210.99
TiO, 095 1927 6828 1244 12.1810.24
ILCNO .85 1897 58.19 9.36  8.8310.80
3LCNO 987 1923 613 1029  9.37+0.60
SLCNO 0,97 20.9 5695 11.56  11.08%0.44
IOL CNO .96 20.08 5559 10.68  9.58%0.58

In addition, we also compared the CNO devices with de-
vices without ETL and devices with conventional compact
TiO; ETLs. Devices without ETL had low PCE of 4.84% due
to the inefficient electron transporting ability and strong car-
rier recombination. With the assist of SL CNO, the resulting
PCE was almost compatible to the typical TiO; devices of
12.44%. The results showed that our atomically thin CNO
layers are very promising as electron transporting layers to
achieve low temperature processed PVSCs.

Fig. 3 SEM top view of (a) 1L, (b) 3L, (c) 5L, and (d) 10L CNO film
on FTO glass.

3. Conclusions

In this work, we demonstrated a two dimensional atomi-
cally thin layered perovskite oxide CNO as a new electron
transporting layer in perovskite solar cells. The CNO film can
be deposited with room temperature LB process and achieve
complete coverage onto the FTO substrates. The resulting de-
vice performances can be greatly improved and is compatible
to the performances for devices with conventional TiO; elec-
tron transporting layer.
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