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RESEARCH HIGHLIGHTS: Perovskites

A new study published in Nature 
Materials (doi:10.1038/s41563-

018-0154-x) offers key insights into 
the formation of layered two-dimen-
sional (2D) perovskite films known as 
Ruddlesden–Popper phases, a class of 
materials that hold promise for stable 
light-harvesting and -emitting devices. 
	 Despite being one of the most attrac-
tive materials for photovoltaics and light-
emitting devices, conventional three-di-
mensional organic–inorganic perovskites 
are plagued by instability issues. 
However, their 2D counterparts, which 
contain layers of conductive perovskites 
separated by layers of relatively long 
organic cations, are much more stable. 

They found that intermediate solvent 
complexes mediated the formation of 
quantum wells by providing building 
blocks to grow perovskites as the solvent 
evaporates out. They also found that 
changing the cation changed the well 
distribution.
	 This understanding could help con-
trol the distribution, composition, and 
orientation of 2D layered perovskites, 
properties that influence device perfor-
mance. The results could be applied to 
any such material. “This work paves 
the way toward engineering higher 
quality materials for more efficient and 
stable optoelectronic devices,” the re-
searchers say.
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Research on perovskites has progressed rapidly, with new solar-cell efficiency records being set at a regular pace. There are hints of the 
first commercial products reaching the market by 2020, just a decade since perovskite photovoltaics were first discovered. MRS Bulletin 
presents the impact of a selection of recent advances in this burgeoning field. 

The layered nature of Ruddlesden–
Popper perovskites means that the 

materials can be shaved down to a single 
layer or just a few layers. The properties 
of any material at the molecular level are 
different from those at larger scales. Kian 
Ping Loh, at the National University of 
Singapore, and his colleagues have re-
vealed what makes the properties of 2D 
perovskites differ at molecularly thin 
dimensions. Their work appears in the 
journal Nature Materials (doi:10.1038/
s41563-018-0164-8).
	 The researchers made centimeter-sized 
crystals of the perovskite (CH3(CH2)3NH3)2 
(CH3NH3)n–1PbnI3n+1 (n = 1, 2, 3, 4 ) and 
exfoliated 20–100-µm-thick monolayer 
sheets from the material. They measured 

the optical prop-
erties of the bulk 
and monolayer 
flakes using pho-
toluminescence 
and optical ab-
sorption meas
urements. To 
keep the flakes 
from decompos-
ing under laser 
irradiation used 
for these stud-
ies, they encap-
sulated the flakes with a transparent 2D 
hexagonal boron nitride layer. 
	 The researchers studied the photo-
responsivity of the single-crystal 2D 

perovskites as a function of thickness 
and discovered that excitons—joint states 
of an electron and a positively charged 
hole—tunnel across the material interlay-

The cations inhibit charge transport be-
tween neighboring conductive inorganic 
layers. This forms quantum wells, where 
the charge carriers can freely move in a 
2D space, while there is a restriction in 
the third dimension.
	 So far, though, not much is understood 
about their composition or how these ma-
terials assemble. To investigate, Edward 
Sargent and colleagues at the University 
of Toronto used grazing incidence x-ray 
scattering on 2D layered perovskite films 
as the films formed.
	 They used methylammonium lead io-
dide with either phenethylammonium or 
n-butylammonium cations, and different 
solvents to make various film samples. 
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Schematic diagram showing the order–disorder transition by laser illumina-
tion. Credit: Nature Materials.
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Concentrated photovoltaic (CPV) 
devices, which use lenses and mir-

rors to focus sunlight onto small, highly 
efficient solar cells, can have  power-
conversion efficiencies as high as 46%. 
Very expensive multi-junction solar cells 
made with III–V semiconductors, such 
as gallium indium phosphide, are often 
used for such devices. 
	 Could perovskite solar cells, which 
suffer from instability under light and heat, 

be used for CPV technology? University 
of Oxford researchers led by Henry Snaith 
answer that question in a study published in 
Nature Energy (doi:10.1038/s41560-018-
0220-2). They found that the efficiency of 
halide perovskite solar cells went up from 
21.1% to a peak of 23.6% when simulated 
sunlight was increased to 14 times the stan-
dard irradiance of 1 Sun.
	 The researchers assessed a range of 
perovskite materials for their stability 

under high-intensity light. Perovskites 
containing a mixed cation formamidin-
ium-cesium composition gave the most 
stable solar cells under high irradiance, 
and they chose Fa0.83Cs0.17PbI2.7Br0.3 
for the CPV device. They found that 
their devices, maintained at room tem-
perature during operation, retained 
90% of their original efficiency after 
150 hours spent under 10 Suns of con-
centrated light. 

ers to dissociate at the electrodes, lead-
ing to efficient photocurrent generation. 
As n increased, the luminescence of the 
materials shifted toward longer, redder 
wavelengths. The redshift also happened 
when the material was exposed to the la-
ser for a long time, because thermal fluc-
tuations reoriented the surface organic 

cations in the monolayer perovskite. The 
color shift can be reversed by exposing 
the sample to higher power laser anneal-
ing under vacuum. This cycle could be 
repeated tens of times.
	 The disordering of the organic cations 
also creates defects that trap only pos-
itively charged carriers, allowing elec-

trons to circulate longer. To test this, the 
researchers made a photodetector with the 
monolayer perovskites. The detector had 
a low current in the dark. But the cur-
rent increased linearly with laser pow-
er because under illumination, excitons 
tunneled across the interlayers, creating 
a highly conductive state. 

Separating photo-induced 
electrons provides a new 
paradigm in optoelectronic control

Manipulating the distribution of 
photo-induced electrons on semi-

conductor surfaces is meaningful to de-
velop novel optoelectronic technologies. 
Yet, it is a challenging task due to the lack 
of feasible methods. Keshav M. Dani and 
co-workers from Okinawa Institute of 
Science and Technology, Japan, have filled 
the niche. They demonstrated that a beam 
of ultrafast light pulse could pull apart 
the photo-induced electrons on a GaAs 
semiconductor surface. This study was 
recently published in Science Advances 
(doi:10.1126/sciadv.aat9722).
	 The ability to record movies of ultrafast 
charge transport in semiconductors with 
an advanced time-resolved photoemission 
electron microscope (TR-PEEM) inspired 
this work. This unique microscope devel-
oped within this research group can image 
surface electron motion in semiconduc-
tors with high spatial and temporal reso-
lution. “Using our TR-PEEM, last year 
we recorded a movie of electrons mov-
ing across a semiconductor heterojunc-
tion,” says E. Laine Wong of Okinawa 

Institute of Science and 
Technology, the first au-
thor of the article. “We 
then wanted to see if 
we could drive the 
motion of electrons in 
a homogeneous semi-
conductor by utilizing 
intensity variations in 
an optical pulse.”
	 The technique used 
to separate the surface 
photo-induced elec-
trons is based on the 
surface photovoltage 
effect. Upon shining a 
light pulse from a laser 
source onto a p-type 
semiconductor, where 
the light pulse has higher energy than the 
semiconductor’s bandgap, electrons and 
holes will be generated near the semicon-
ductor surface. The subsequent drift of the 
photo-induced electrons toward the sur-
face weakens the intrinsic electric field in 
the semiconductor and results in a lateral 
surface potential difference. This potential 
difference then drives the surface photo-
induced electrons apart. Specifically, the 
researchers irradiated a p-type Zn-doped 
GaAs semiconductor with an excitation 

(a) The illustration of the surface photovoltage effect that leads to the 
surface potential variation; (b) the evolution of the surface-electron 
distribution profile into two separated Gaussian peaks within 500 ps 
after photoexcitation. Credit: Science Advances.
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pulse having a Gaussian-shaped intensity 
profile. This irradiation divided the photo-
induced electrons into two groups over  
500 ps after a 45-fs photoexcitation.
	 The rate and the degree of the tran-
sient electron separation depended on 
the concentration of the charge carriers 
(photo-induced electrons and holes). With 
a relatively low charge-carrier density of 
2.8 × 1018 cm–3, the distribution profile of 
the surface electrons only developed into 
a single flat-top Gaussian peak; that is, 
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