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of Reproducible Perovskite Solar Cells under
Ambient Room Conditions
DechanAngmo,1,3,4,*GiovanniDelLuca,2,3
AndrewD.Scully,1 AnthonyS.R esman,1
AaronSeeber,1 Chuantian Zuo,1 Doojin Vak,1 Udo
Bach,2,* and Mei Gaol SUMMARY The low
power-conversion ef???ciency (PCE) and

reproducibility re-ported to date for roll-to-roll (R2R)
??7?

When testing under ambient conditions, the team
recorded an efficiency of 11% for 50 cm?
large-scale solar panels consisting of optimized
roll-to-roll fabricated hybrid perovskite ???
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PHOTOVOLTAICS PEROVSKITE SOLAR
CELLS ROLL FORWARD

e Hodes, G.; Cahen, D. Photovoltaics: Perovskite
cells roll forward Nat. Photonics 2014, 8, 87 The
planar heterojunction photovoltaic cells may only be
achieved because the ratio of bimol. charge
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recombination rate to charge mobility is over four
orders of magnitude lower than that predicted from
Langevin theory. Such effects are likely to

However, if bus-barred reference cells are used,
their absolute EQE PV may be difficult to measure.
In practice, it is advisable to measure several
reference devices at the DUT location to minimize
the overall uncertainty. When measuring J???V
curves, perovskite PV devices are known to exhibit
hysteresis commonly attributed to mobile ion

wuﬂ I ?ETM@ migration.

Halide perovskites have demonstrated exceptional
- progress in PV cell performance???from 3.8% in
] HW 20009 to a certified 22% in 2016. Remarkably, such
- e high-efficiency perovskite solar cells can be made
from polycrystalline materials by solution
processing. We want to:
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PHOTOVOLTAICS PEROVSKITE SOLAR
CELLS ROLL FORWARD

Perovskite is one of the most exciting materials for

mET making better solar photovoltaic (PV) cells. Itis a
Y naturally occurring mineral, but also can be
‘ synthesized from abundant and cheap chemicals.
——”

Perovskite solar cells can be fine-tuned to absorb
different colors of the solar spectrum, converting
sunlight to energy with high efficiency.

[
l

H.b a.[z

I H [l

Rapid rise in power conversion efficiencies (PCE) of
lead-based halide perovskite photovoltaic (PV) cells
i have been witnessed by the research community
[1,2,3,4,5,6].Some specific compositions of
perovskites have shown efficiencies beyond 23%
[J.However, Pb is well-known to be toxic and thus

o | there is a popular fear of detrimental environmental
effects in case ???
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The roll-to-roll (R2R) production of PSCs based on
scalable deposition techniques is an ultimate
destination of solution-based manufacturing in terms
of low-cost and high-throughput. 18 The R2R
process is the continuous process of manufacturing
large-area devices on a roll of plastic or metal foil.
r""'“*"m""" Typically, a few meters of long web can be

B E_! " //l produced in a ???
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PHOTOVOLTAICS PEROVSKITE SOLAR
CELLS ROLL FORWARD

Perovskite photovoltaics have shown great promise
in device efficiency but also the promise of
scalability through solution-processed manufacture.
Efforts to scale perovskites have been ???

Photovoltaics Perovskite cells roll forward. Hodes,
Gary; Cahen, David. Nature Photonics (2014), 8 (2),
87-88 CODEN: NPAHBY; ISSN: 1749-4885.
(Nature Publishing Group) A review. Reports of
perovskite solar cells fabricated at temps.
compatible with polymer substrates indicate that
high-performance flexible cells are now an exciting
proposition.

The room temperature-formed non-perovskite
phases of FAPbI 3 and CsPbl 3 can be converted
into perovskite phase by the annealing process at a
temperature higher than 150 ?C and 335 ?C,
respectively [].As reported previously [46, 47],
pristine FAPDI 3 thin films annealed at high
temperatures exhibited a black a-phase that
absorbed long-wavelength light.
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PHOTOVOLTAICS PEROVSKITE SOLAR
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Burkitt, D. et al. Roll-to-roll slot-die coated
P?7??1???N perovskite solar cells using acetonitrile
based single step perovskite solvent system.
Sustain. Energy Fuels 4, 3340???3351 (2020).

A spinoff of the University of Vermont, specializing
in single junction and all thin-film tandem perovskite
solar technologies, demonstrated that its coating
processes are transferable to existing commercial
roll-to-roll manufacturing lines.

Indoor perovskite photovoltaics can help power the
internet of things revolution, being highly efficient,
}H :XLESTEM low-cost, printable, and compatible with flexible
| e substrates. Castro-Hermosa et al. develop flexible
perovskite cells on roll-to-roll coated ultra-thin glass

with excellent optoelectrical and mechanical

properties, delivering efficiencies of
20.6%7?7??22.6% under ???
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PHOTOVOLTAICS PEROVSKITE SOLAR
CELLS ROLL FORWARD

Perovskite Photovoltaics on Roll-To-Roll Coated
Ultra-thin Glass as Flexible Table S1. Optical and
Electrical Properties of Substrates Implemented for
Flexible Perovskite Solar Cell Fabrication. Average
transmittance (T AVE, measured in the 350-850 nm
range), maximum transmittance (T Forward 1.06 ?
0.01(1.07) 17.8 2 0.8 (19.0) 51.6
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Lacerda JS, van den Bergh JC (2016) Diversity in
solar photovoltaic energy: implications for innovation
and policy. Renew Sustain Energy Rev
54:331???340 Cahen D (2014) Photovoltaics
perovskite cells roll forward. Nat Photon 8:87??788.
CAS Google Scholar Christians JA, Manser JS,
Kamat PV (2015) Best practices in Perovskite solar
cell

Within the space of a few years, hybrid
organic???inorganic perovskite solar cells have
; emerged as one of the most exciting material
v @ ’ ’ platforms in the photovoltaic sector. This review
describes the
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PHOTOVOLTAICS PEROVSKITE SOLAR
CELLS ROLL FORWARD

b,c, Photographs of: a 156 x 156 mm 2

pseudo-square wafer perovskite-on-silicon tandem
cell (b), courtesy of Oxford Photovoltaics Ltd; and a
160 cm 2 flexible perovskite module processed via

roll

1

Australian scientists have demonstrated a flexible

[ ; e perovskite solar cell using roll-to-roll compatible

- Power Conversion
| . System

"printing" type processes, which could potentially be

applied in large-scale manufacturing.

The optimised roll-to-roll fabricated hybrid

perovskite solar cells show power conversion
efficiencies of up to 15.5% for individual small-area
cells and 11.0% for serially ??7?
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PHOTOVOLTAICS PEROVSKITE SOLAR
CELLS ROLL FORWARD

a J???V curves in forward and reverse scan

_— directions for N. L. et al. Manufacturing cost and
| gggﬂ market potential analysis of demonstrated roll-to-roll

perovskite photovoltaic cell processes. Sol
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