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Improving the efficiency of single-junction
photovoltaic (PV) technology, which includes
industrial-grade crystalline silicon (c-Si) solar cells
(SCs) [1] and promising perovskite solar cells
(PSCs) [2], [3], [4], has become increasingly
challenging despite continuous
advancements.Nevertheless, the PV industry has
consistently pursued the dual goals of enhancing
cell efficiency and reducing

Perovskite Quantum Dots as Hole Transport Layer
in Perovskite Solar Cell. The PSQD rich HTL over
the PSs absorber layer was proven to be
considerably efficient for extracting holes at the
interface, which led to highly efficient PSCs ???
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PEROVSKITE PHOTOVOLTAIC SOLAR
WITH QUANTUM COUPLING

ey | L= ) Organic???inorganic formamidinium lead triiodide
N S\LST'E d r (FAPDI3) hybrid perovskite quantum dot (QD) is of
: @ ’ great interest to photovoltaic (PV) community due to

its narrow band gap, higher ambient

Perovskite quantum dots (PQDs) have captured a
host of researchers" attention due to their unique
properties, which have been introduced to lots of
optoelectronics areas, such as light-emitting diodes,

lasers, photodetectors, and solar cells.

We welcome further scientific understanding of the
role of PNCs in benefitting perovskite solar cell
performance. Such devices may be enabled by
exciting physics from the coupling of organic
molecules and inorganic sublattices, the soft nature
— = of the lattice, the strong spin-orbit coupling, strong
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i Recent trends in perovskite solar cell
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high-resolution external quantum efficiency
photoluminescence yields in lead halide perovskites
by photon recycling and light out-coupling.

Herein, a critical review of the state-of-the-art hybrid
perovskite-QD solar cells is presented with the aim
of advancing their commercial applications. First,
the working principles of hybrid perovskite-QD
structures are discussed in detail with a focus on
hybrid fundamentals.

The efficiency of double-junction
CIGS/Perovskite-based solar cells has significantly
improved through recent research. This study

presents a new plasmonic structure for these optical
devices
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We report the growth of a monolayer of perovskite
that bridges neighboring CQDs. This increases
interdot coupling, minimizing the distance over
which carriers are required to tunnel, all the while
maintaining excellent surface passivation. The CQD
solids provide fully a 3-fold improvement in mobility
relative to the best prior well-passivated CQD solids,
enabling a power conversion ??7?

perovskite layer, which leaves the solar cell
structure, using the optical simulation tool GenPro4.
We assume a perovskite thickness of 400 nm and
an emission wavelength of 795 nm, which
corresponds

To estimate the amount of luminescent coupling in a
perovskite-Si tandem solar cell device, we model
the emission of light inside the perovskite layer
using a dipole source. Reitzenstein, S., and Burger,
S., "Numerical optimization of the extraction
efficiency of a quantum-dot based single-photon
emitter into a single-mode fiber," Opt
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[ Abstract. Fully inorganic CsPbl 3 perovskite
quantum dots (CsPbl 3-PQDs) are known as the
best-performing photovoltaic absorber in colloidal
quantum dot solar cells.This is achieved by
improving the cubic-phase-stabilization and
electronic-coupling in CsPbl 3-PQD solids

|
\

H I

conventional approaches, the hydrolysis of methyl
acetate (MeOAC) resulting in acetic acid ???

The authors review recent advances in inverted
perovskite solar cells, with a focus on non-radiative
recombination processes and how to reduce them
for highly efficient and stable devices.

A currently widely investigated technology for large

scale applications is the combi-nation of silicon and

perovskite solar cells in a tandem device.7 High
‘M ef???ciencies, a tun- able bandgap, external
photoluminescent quantum yields up to 10%8 and
low-cost fab- rication processes make perovskites
an attractive tandem partner for established silicon
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Colloidal quantum dots (CQDs) are promising
photovoltaic (PV) materials because of their widely
tunable absorption spectrum controlled by
nanocrystal sizel,2. Their bandgap tunability allows
not

Sun B, et al. Monolayer Perovskite Bridges Enable
Strong Quantum Dot Coupling for Efficient Solar
Cells. Joule, (2020). Hazarika A, et al. Perovskite
quantum dot photovoltaic materials beyond the
reach of thin films: full-range tuning of A-site cation
composition.

Article Monolayer Perovskite Bridges Enable Strong
Quantum Dot Coupling for Ef???cient Solar Cells
Bin Sun,1 Andrew Johnston,1 Chao Xu,2 Mingyang
Wei,1 Ziru Huang,1 Zhang Jiang,3 Hua Zhou,3
Yajun Gao,4,5 Yitong Dong,1 Olivier Ouellette,1
Xiaopeng Zheng,4 Jiakai Liu,4 Min-Jae Choi,1 Yuan
Gao,1 Se-Woong Baek,1 Fre?de?ric Laquai,4,5
Osman M. Bakr,4 Dayan Ban,2 ??7?
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Three-dimensional (3D) hybrid perovskites
CH3NH3PbX3 (X = Br, I) have recently been
suggested as new key materials for dye-sensitized
solar cells (DSSC) leading to a new class of hybrid
semiconductor photovoltaic cells (HSPC). Thanks to
density functional theory calculations, we show that
the band gap of these compounds is dominated by
a giant ??7?

Hybrid organic-inorganic halide perovskites, with the
common formulation ABX 3 (where A is an organic

cation, B is commonly Pb 2+, and X is a halide),
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were first applied to photovoltaics (PVs) as
methylammonium lead triiodide (CH 3 NH 3 Pbl 3)
in 2009 ().Perovskite PV devices processed from
solution inks now convert >22% of incident sunlight
into electricity, ???

external photoluminescent quantum yields up to
10%[7] and low- luminecent-coupling ef???ciencies
above 30% were reported.[20] Already in 2002,
Brown and Green identi???ed luminescent
cou-pling (LC) as a means to reduce spectral
mismatch in 2T tandem highly idealized solar cell
models: For the perovskite top cell, we assume that
all
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= — We grow the perovskite layer after forming the CQD

J T g solid rather than introducing perovskite pre-cursors
= s 11 . .
- ! A'- ’ = into the quantum dot solution: the monolayer of
L | ” perovskite increases interdot coupling ???
== e

CsPbl 3 QDs, with a tunable bandgap between 1.75
and 2.13 eV, are an ideal top cell candidate for

European
Warehouse

all-perovskite multijunction solar cells because of
their demonstrated small VOC deficit. We show that
charge carrier mobility ???

Perovskite quantum dots (PQDs) have captured a

| I host of researchers" attention due to their unique
1ok properties, which have been introduced to lots of

* optoelectronics areas, such as light-emitting diodes,
lasers, photodetectors, ??7?
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Perovskite PV devices processed from solution inks
now convert >22% of incident sunlight into
electricity, which is on par with the best thin-film
chalcogenide and silicon devices, ???

i | The proposed method to quantify the luminescence
- | ‘E”p" coupling (LC) effect in a monolithic
perovskite/silicon tandem solar cell. a) The
experimental setup to estimate the ratio between
the numbers of emitted photons reabsorbed in the
bottom cell and number of photons escaping from

the front side of the high bandgap top cell.

All-inorganic CsPbl3 perovskite quantum dots have
received substantial research interest for
photovoltaic applications because of higher
efficiency compared to solar cells using other
quantum dots
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The energy disorder originating from quantum dot
(QD) size and relevant solid film inhomogeneity is
detrimental to the charge transport and efficiency of
QD based solar cells. The emergence of halide
perovskite QDs (PQDs) have attracted great
attention as promising absorbers in QD

photovoltaics. However, it is currently difficult in
preparing structural uniform ???

Reduced-dimensional (quasi-2D) perovskite
materials are widely applied for perovskite
photovoltaics due to their remarkable environmental
stability. However, their device performance still

lags

We welcome further scientific understanding of the
role of PNCs in benefitting perovskite solar cell
performance. Such devices may be enabled by
exciting physics from the coupling of organic
molecules and inorganic ??7?
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We developed lead halide perovskite quantum dot
(QD) solar cells with a combinational absorbing
layer based on stacked ??-CsPblI3 and FAPDI3.
??-CsPbl3 QDs, with a relatively wide bandgap of
1.75 eV, are not ideal for single-junction solar cells.
We show that the absorption can be broadened by
the introduction of another QD layer with a narrower
bandgap ???
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