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Charge carrier management for
developing high-efficiency
perovskite solar cells
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MIT and KRICT scientists recently reported the highest certified po-
wer conversion efficiency of 25.2% for perovskite solar cells. They
highlighted that charge carrier management is essential to improve
the photovoltaic parameters and overcome the theoretical effi-
ciency limit.
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In recent years, organic-inorganic perov-

skite materials have shown great promise

for usage as solar cells because of their

excellent optoelectronic properties such

as strong light absorption, bandgap

tunability, high carrier mobility, and sim-

ple solution-processed deposition. Pio-

neering reports on perovskite solar cells

(PSCs) include a liquid-state electrolyte

in 2009 by Kojima et al.,1 all-solid-state

in 2012 by Kim et al.,2 and Lee et al.3

with a meso-superstructure architecture

also in 2012 with power conversion effi-

ciency (PCE) of 3.8%, 9.7%, and 10.9%,

respectively. PSCs have been regarded

as one of the promising next-generation

photovoltaic (PV) technologies having

reached a certified 25.2% efficiency by

developing composition engineering,4,5

fabrication protocols,6 and interfacial

passivation.7,8 The remarkable efficiency

rise has put PSCs into a prominent posi-

tion amongemergingPVs suchasorganic

photovoltaics (OPVs), quantum dot solar

cells (QDSCs), and dye-sensitized solar

cells (DSCs) (seeFigure1A).Nevertheless,

PSCs lag behind well-established silicon

PV technology, which holds a 27.6% re-

cord efficiency after many decades of

optimization. However, considering the

theoretical PCE Shockley–Queisser limit

of 31%, there is still room for improve-

ment of the efficiency of PSCs from the

current stage so it can reach, for example,

themost efficient gallium arsenide (GaAs)

record at 28.8%. Charge carrier recombi-

nation reduces photovoltaic parameters

such as fill factor (FF) and open-circuit
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voltage (VOC), which is one obstacle for

further improvement. Therefore, efficient

charge carriermanagement facilitates ap-

proaching high PCEs in PSCs.

What is the origin of the charge carrier

recombination in PSCs? The defect states

at the grain boundaries (GBs) and inter-

faces of perovskite thin filmswith electron

transport layer (ETL) or hole transport

layer (HTL) have been highlighted as the

main reason for charge carrier recombina-

tion. Basically, defects in perovskitemate-

rials are shallow level because of their low

formation energy, making PSCs defect

tolerant. However, due to the ionic nature

of perovskitematerials, the ions can easily

migrate from the defect points during the

device performing condition, increasing

the defect densities and charge recombi-

nation. Therefore,developingpassivation

methods for better charge carrier recom-

bination management is critical to reach-

ing high-performance values.

In the recent paper published by Yoo

et al.,9 researchers from MIT and KRICT

have reported a certified PCE of 25.2%

in PSCs (Figure 1A) by an efficient charge

carrier management strategy. Signifi-

cantly, this is one of the most efficient

PSCs to date, using a planar architecture,

bringing the field one step closer toward

the theoretical limit and commercializa-

tion of perovskite PV technology. This

report emphasizes that simultaneous

passivating ETL and perovskite thin film

are essential to minimize the charge
vier Inc.
recombination, improving photovoltaic

parameters such as FF and VOC in PSCs.

First, they developed a chemical-bath-

processed tin dioxide (SnO2) layer as an

ideal ETL with excellent optoelectronic

properties. By optimizing the bath depo-

sition parameters, a pinhole-free SnO2

layer with beneficial band alignment and

low defect density covered the FTO sub-

strate tominimize charge carrier recombi-

nation at the ETL/perovskite interface.

Figure 1B shows the link between the

chemical reaction and surface coverage

during the SnO2 processing with different

stages. The PCEs at every stage are pre-

sented in Figure 1C. The SnO2 layer

deposited by stage A-ii with amoderated

pH of 1.5 showed a high-quality, densely

packed morphology with thicknesses

from 50 to 100 nm and a highest average

efficiency of 24% due to reduced recom-

bination and improved charge extraction

at the perovskite interface. However,

deposited SnO2 layers with other

stages, A-i, A-iii, and B, were not appro-

priate to achieve high-efficiency solar

cells because of inappropriate coverage,

excessive defect states, and unsuitable

chemical composition.

Second, besides ETL optimization, they

demonstrated that further efficiency

enhancement could be obtained by

improving perovskite optoelectronic

properties. For this purpose, the trace

amount of methylammonium lead bro-

mide (MAPbBr3) was added to the for-

mamidinium (FA)-based perovskite

thin films, resulting in increased perov-

skite grains sizes and thin film passiv-

ation. As shown in Figure 1D, the
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Figure 1. The PSCs performance with various SnO2 ETLs

(A) Efficiency chart of emerging PV technologies. (B) Schematic illustration of coverage, morphology, and chemical composition of SnO2 layers. (C)

Efficiency statistics fabricated SnO2-based PSCs with various synthesis stages of SnO2 layer. (D) Time-resolved photoluminescence of perovskite thin

films with different MAPbBr3 content. (E) Certified J-V curve of the champion device fabricated with optimized ETL and passivated perovskite thin film.

Adopted with permission from J. J. Yoo et al.9 Copyright 2021, Nature Publishing Group.
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perovskite thin film with 0.8 mol%

MAPbBr3 showed the longest carrier

lifetime (>3.6 ms) among other concen-

trations (0%, 2.5%, and 10%), suggest-

ing the lowest recombination due to

successful defect passivation.

Finally, as shown in Figure 1E, combining

optimized stage A-ii SnO2 ETL and con-

tained 0.8 mol% MAPbBr3 perovskite

thin films leads to a certified quasi-

steady-state PCE of 25.2% (mainly due

to improvedVOCandFF),which is compa-

rable to the theoretical efficiency limit.10

More research is needed to better

manage the charge recombination in

PSCsbydefectpassivation indifferentde-

vice regions. To reach this goal, better

film and device characterization for a

comprehensive understanding of the

source of defects in PSCs is essential.

Additionally, passivation methods from

other thin film technologies, such as

organic electronics, CIGS, a-Si, and
CdTe, may also be suited for PSCs and

could be promising avenue in the future.
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