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Ageing and Passivation Effects in Perovskite Solar Cells
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Spiro-OMeTAD n-i-p

Metal-halide perovskites are cheap and efficient materials for generating solar power, but are
currently much less stable than silicon. Monitoring the degradation of perovskite solar cells is a
key aspect to realize their successful commercial development and decrease our reliance on fossil
fuels.

This research project is aimed at improving the stability and durability of
perovskite solar cells. Innovations in materials and cell structure design are informed by
evaluating the operating lifetime of the devices and investigating the mechanisms for the
degradation and loss.

I evaluated p-i-n perovskite solar cells fabricated with Me0-2PACz, a molecular monolayer hole
extraction layer (HEL), as potential candidates for ambient light harvesting applications. The
durability of these devices was found to be significantly better than previous reference devices
with n-i-p structure based on Spiro-OMeTAD hole transport layers.
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(1) Perovskite solar cells are promising devices for sustainable energy production, with high
efficiency (>25%) and low potential fabrication costs. One of the most significant challenges for
commercializing thistechnology istherelatively poor stability of perovskite solar cells compared
to the silicon solar cells that are aready on the market. It is therefore important to study the

operational lifetime of perovskite solar cells under different environmental conditions.

(2) Perovskite solar cells can be broadly divided into two device architectures, the so-called p-i-
n and n-i-p structures and two classes of perovskite materia's, lead-based perovskites and lead-
free, tin-based perovskites. The choice of device architecture effects the device lifetime, as well
as the choice of perovskite material, but there is little quantitative lifetime data available to help
guide the development of longer-lasting perovskite solar cells.

(1) Inthis study, we will develop we will construct an in situ measurement system to evaluate the
eectrical characteristics (JV characteristics and impedance characteristics) of perovskite solar
cellsunder light irradiation and exposure to different environmental gasses such as humid air, dry
air, and nitrogen. The durability of different materials used in the different device structures will

be evaluated and compared.

(2) The effectiveness of passivation techniques used in lead-free, Sn-based solar cellsto prolong
the operational lifetime of these devices will be examined.



(1) The apparatus to measure perovskite solar cells under different atmospheres was constructed
as shown in the figure below:
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(2) Apparatus to track and report the maximum power point of the solar cells was also
developed. The system is based on aKeithley 2450 Sourcemeter and Labview programming

environment.

(1) Lifetime data for mixed tin-lead perovskite solar cells cells with 23.6% power conversion
efficiency with top-surface passivation under inert atmosphere and 1 SUN conditions:
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Energy Environ. Sci. 2022, 15, 2096-2107. DOI: 10.1039/d2ec00288d



(2) Maximum power point tracking measurements for maltol-treated tin-lead perovskite solar

cellswith increased carrier lifetimes:

PCE (Norm.)

0.2

0.0

Time (h)

Chem. Sci. 2021, 12, 13513-13519. DOI: 10.1039/D1SC04221A

(3) Lifetime datafor perovskite solar cells with starburst carbazole hole transporting materials:
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Solar RRL, 2022, 6, 2100877. DOI: 10.1002/s0lr.202100877

(4) Maximum power point tracking data for perovskite solar cells with tripodal triazatruxene

derivative hole transporting materials:
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(5) A comparison the durability of p-i-n and n-i-p perovskite solar cells was aso published to

demonstrate the superior operational stability of p-i-n structures with monolayer hole extraction

layers.
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Cells 2022, 245, 111885. DOI: 10.1016/j.solmat.2022.111885

(6) I have also measured the operation lifetime of encapsul ated devices and modules prepared by

Enecoat Technologies, a venture company spin-off from our laboratory. 30 new apparatus based

on this apparatus will beinstalled in our laboratory for stability measurements of perovskite solar

cells. The measurement algorithm and systems technology used here were developed as part of

the Kakenhi project:
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