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ABSTRACT: An amphiphilic surfactant, oleamide, was applied to dope the PCBM electron transport layer (ETL) of inverted
structure perovskite solar cells (ISPSCs), resulting in a dramatic efficiency enhancement. Under the optimized oleamide doping
ratio of 5.0 wt %, the power conversion efficiency of the CH3NH3PbIxCl3‑x perovskite-based ISPSC device is enhanced from
10.05% to 12.69%, and this is primarily due to the increases of both fill factor and short-circuit current. According to the surface
morphology study of the perovskite/PCBM bilayer film, oleamide doping improves the coverage of PCBM ETL onto the
perovskite layer, and this is beneficial for the interfacial contact between the perovskite layer and the Ag cathode and
consequently the electron transport from perovskite to the Ag cathode. Such an improved electron transport induced by
oleamide doping is further evidenced by the impedance spectroscopic study, revealing the prohibited electron−hole
recombination at the interface between the perovskite layer and the Ag cathode.
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■ INTRODUCTION

Since the first report of perovskite-sensitized solar cells by
Miyasaka et al. in 2009,1 hybrid organic/inorganic organometal
halide perovskite solar cells have been attracting a great deal of
attention due to their ever-increasing power conversion
efficiencies (PCEs) already exceeding 20%.2−13 Perovskite
solar cells show the advantages of simple fabrication, large
absorption coefficients, tunable bandgaps, high carrier mobility,
and especially long charge carrier diffusion lengths.3−5 So far,
the most popular and efficient architecture for perovskite solar
cells is composed of a light absorber layer, which is mainly an
organometal halide such as CH3NH3PbX3 (X = I, Br, Cl)
sandwiched between a transparent electrode and a metal
electrode.2−13 In addition to the optimization of the
composition and the crystallization process and morphology

of the perovskite light absorber layer determining the charge
carrier generation, the interfaces between perovskite and
electrodes play an important role in efficient charge transport
and extraction. Thus, interfacial layers including hole transport
layers (HTLs) and electron transport layers (ETLs) are usually
introduced between the perovskite layer and electrodes so as to
improve the perovskite/electrode interfaces, and consequently
the performance of perovskite solar cells.2,6−15 According to the
locations of the HTL and ETL relative to the transparent
electrode through which the light illuminates, so far two major
types of perovskite solar cell structures have been developed,
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including a conventional structure, in which ETL clings to the
bottom transparent electrode, while the perovskite layer is
coated onto the ETL, and an inverted structure where the
locations of ETL and HTL are inverted (i.e., HTL contacts with
the bottom transparent electrode).9−16 Although the highest
PCE of perovskite solar cells (20.3%) reported until now was
obtained for the conventional structure,10 the inverted structure
perovskite solar cells also appear promising for potential
commercialization based on the uniqueness of the low-
temperature solution processable fabrication, the possibility of
low-cost, the large-scale manufacturing, and the high
flexibility.16−25

For the state-of-the-art solution-processable inverted struc-
ture perovskite solar cells (ISPSCs), whose device structure is
analogous to that of polymer solar cells,26 poly(3,4-ethylene
dioxythiophene):poly(styrenesulfonate) (PEDOT:PSS) is gen-
erally used as an HTL where fullerene derivatives such as [6,6]
phenyl-C61-butyric acid methyl ester (PCBM) often act as
ETLs.16−25 Since ETL determines the electron transport from
the perovskite layer to the metal cathode, it is highly desirable
to improve the uniformity of the PCBM ETL film so as to
prohibit the film defects and, consequently, the electron−hole
recombination at the perovskite/cathode interface. Thus, much
effort has been made to optimize the spin-coating speeds and
solvents in order to improve the morphology of the PCBM
ETL film.19−21 Besides, an ultrathin layer, such as Ca,27 LiF,28

TiOx,
16 and amino-functionalized polymer,29 has also been

incorporated between the PCBM layer and the metal cathode
via thermal evaporation18 or spin-coating of alcohol solu-
tion,29−31 so as to modify the metal cathode toward improved
electron transport. However, the thermally evaporated ultrathin
layer of Ca or LiF may suffer from instability, and alcohol
solvent (such as methanol) treatment may suffer from
inadequate repeatability of the device performance due to the
possible damage of alcohol to the perovskite layer.29−32 An
alternative strategy to improve the uniformity of the PCBM
ETL film is to dope the PCBM layer with other compounds,
and in this way, introduction of an additional interfacial layer
can be avoided. Recently, Zhao, Yang, and Yan et al. added
polystyrene (PS) into the PCBM layer and achieved a PCE
enhancement from 9.56% to 10.68% due to the better ETL
coverage on the perovskite film, resulting in a lower charge
carrier recombination rate and longer electron lifetime.33

Nevertheless, to our knowledge, so far the reports on doping
the PCBM ETL of ISPSCs are quite limited. Therefore, it is
intriguing to address whether doping the PCBM with small
organic molecules would improve the performance of ISPSCs
or not.
In this paper, we report the first application of an amphiphilic

surfactant, oleamide, in doping the PCBM ETL, resulting in a
dramatic efficiency enhancement of the CH3NH3PbIxCl3‑x
perovskite-based ISPSC devices. The oleamide doping ratio is
optimized, and its effects on light absorption and the surface
morphology of perovskite/PCBM films as well as the
perovskite/cathode interface were investigated, revealing a
mechanism for efficiency enhancement upon oleamide doping.

■ EXPERIMENTAL SECTION
Materials. The indium tin oxide (ITO) glass substrate with a sheet

resistance of 10 Ω/sq was purchased from Shenzhen Nan Bo Group,
China. PEDOT:PSS (Clevios P Al4083) was obtained from SCM
Industrial Chemical Co., Ltd. The material CH3NH3I was synthesized
in our lab following the procedure reported in ref 34. PbCl2, dimethyl

sulfoxide (DMSO), γ-butyrolactone (GBL), and chlorobenzene were
purchased from Alfa Aesar. The PCBM was bought from Nichem Fine
Technology Co., Ltd. The oleamide (C18H35NO, 99%) was purchased
from Aldrich. All materials were used as received without further
purification.

Device Fabrication. The ITO-coated glass substrates were
ultrasonicated in detergent, deionized water, acetone, and isopropanol
for 15 min every time, and subsequently dried in an oven overnight.
They were cleaned in a UV ozone oven for 12 min prior to use.
PEDOT:PSS aqueous solution was first filtered by a 0.45 μm polyvinyl
difluoride syringe filter, and then a thin layer (ca. 40 nm thick) of
PEDOT:PSS was spin-coated onto the ITO substrates at 3000 rpm for
1 min. They were baked on a hot plate at 140 °C for 10 min in air, and
were then transferred into a glovebox filled with dried nitrogen (O2 ≤
0.1 ppm; H2O ≤ 0.1 ppm). A perovskite photoactive layer was
deposited onto the PEDOT:PSS layer by spin-coating a PbCl2/
CH3NH3I (1:3) blend solution containing 0.8 M (222 mg) PbCl2 and
2.4 M (381 mg) CH3NH3I in 1 mL mixed solvents of DMSO:GBL
(3:7 v/v) at 5000 rpm for 30 s. Both the perovskite precursor solution
and the substrates were preheated at 60 °C for 5 min before spin-
coating. After spin-coating the perovskite layer, 50 μL of anhydrous
chlorobenzene was quickly injected onto the film and kept for 10 s,
followed by spin-coating at 5000 rpm for 30 s again. The yellowish as-
cast film was quickly transferred to a hot plate to keep the temperature
at 60 °C for 5 min and was then annealed at 100 °C for 20 min.
PCBM (20 mg/mL) was first dissolved in anhydrous chlorobenzene,
and oleamide was added into the PCBM solution in a variable ratio
(1%, 5%, 10%, wt %). A thin layer of oleamide:PCBM was spin-coated
onto the cooled perovskite layer at 1500 rpm for 30 s. Finally, the
device was transferred into a vacuum chamber (∼10−5 Torr), and an
Ag electrode (ca. 80 nm thick) was thermally deposited through a
shadow mask to define the effective active area of the devices (2 × 7
mm2). The complete devices were transferred back into the glovebox
and encapsulated with UV-curable epoxy glue and cover glass slides
before testing in air.

Measurements and Characterization. The current density−
voltage (J−V) characterization of the ISPSCs was carried out using a
Keithley 2400 source measurement unit under simulated AM 1.5
irradiation (100 mW cm−2) with a standard xenon-lamp-based solar
simulator (Oriel Sol 3A, U.S.A.). The J−V measurement was carried
out under reverse scan with a scan rate of 0.1 V/s. At the same time, a
measurement under forward scan was also performed for the best
devices to check the hysteresis of the J−V curve. The solar simulator
illumination intensity was calibrated by a monocrystalline silicon
reference cell (Oriel P/N 91150 V, with KG-5 visible color filter)
calibrated by the National Renewable Energy Laboratory (NREL). All
of the measurements were carried out in air, and a mask with a well-
defined area size of 14.0 mm2 was attached onto the cell to define the
effective area in order to ensure accurate measurement. Dozens of
devices were fabricated and measured independently to obtain the
statistical histograms of PCE, Jsc, and FF of the ISPSCs. The best and
average data were used in the following discussions. External quantum
efficiency (EQE) was carried out with an ORIEL Intelligent Quantum
Efficiency (IQE) 200 Measurement system established with the
tunable light source.

The thickness of the film was measured by a KLA-Tencor P6
surface profilometer. X-ray diffraction (XRD) data were measured by a
Rigaku SmartLab X-ray Diffractometer. UV−vis spectroscopy was
recorded on a UV−vis−NIR 3600 spectrometer (Shimadzu, Japan).
The SEM image was obtained on a JSM-7401F instrument (JEOL,
Japan). Atomic force microscopy (AFM) measurements were carried
out on a Veeco DI-MultiMode V scanning probe microscope in
tapping mode using a tip with a sensitivity of 0.1 nm. Impedance
spectroscopic measurements were taken using an electrochemical
analyzer (Autolab 320, Metrohm, Switzerland) with a variable reverse
potential from 0.2 to 0.8 V in the dark. AC 20 mV perturbation was
applied with a frequency from 1 MHz to 1 Hz. The obtained
impedance spectra were fitted with ZView software (v2.8b, Scribner
Associates, U.S.A.). The Nyquist plots and the best fit results are based
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on an equivalent circuit shown in Supporting Information (SI) Figure
S4.

■ RESULTS AND DISCUSSION
Given that the device structure of ISPSC is analogous to that of
polymer solar cells, those materials applied as effective ETLs of
polymer solar cells26,35−42 are preferably considered. In
particular, oleamide, as an amphiphilic surfactant, was
successfully incorporated as the ETL into the poly(3-
hexylthiophene-2,5-diyl) (P3HT):PCBM bulk heterojunction
polymer solar cells by doping in the P3HT:PCBM photoactive
layer, followed by self-assembly, leading to a dramatic
enhancement of the device efficiency by ∼28%, which was
interpreted by the formation of the interfacial dipole layer
facilitating the electron extraction by Al cathode.42 Motivated
by the effectiveness of oleamide as the ETL of bulk
heterojunction polymer solar cells with excellent interfacial
properties, in our present study we chose oleamide to dope the
PCBM ETL of ISPSC.
Oleamide was added into a PCBM solution in a variable ratio

(1 wt %, 5 wt %, 10 wt %), and the performance of the
corresponding ITO/PEDOT:PSS/CH3NH3PbIxCl3‑x perov-
skite/oleamide:PCBM/Ag ISPSC devices (Figure 1A) were

compared. Accordingly, the optimum oleamide doping ratio
was determined to be 5 wt % (see SI Figure S1 and Table S1).
An overdoping of oleamide in PCBM (>10 wt %) or replacing
PCBM ETL by oleamide led to a dramatic decrease of PCE
(not shown). Under the optimum oleamide doping ratio of 5
wt %, the current density−voltage (J−V) curve of the
oleamide:PCBM ETL-based ISPSC device is shown in Figure
2, which also includes that based on pure PCBM ETL for
comparison. The measured photovoltaic parameters (short-
circuit current (Jsc), open-circuit voltage (Voc), FF, and PCE)
are summarized in Table 1.
The reference device based on a pure PCBM ETL shows a

Voc of 0.95 V, a Jsc of 17.08 mA cm−2, an FF of 61.8%, and a
PCE of 10.05%, which is comparable to the reported values
with ISPSC devices fabricated under similar conditions.27−29

Upon oleamide doping, the PCE increases dramatically to
12.69%, calculated from a Voc of 0.98 V, a Jsc of 18.76 mA/cm

2,
and an FF of 69.3%. The PCE enhancement of ∼26% relative
to that of the reference device is primarily due to the increases
of both FF (from 61.8% to 69.3%, ∼12% enhancement) and Jsc
(from 17.08 to 18.76 mA/cm2, ∼10% enhancement), while Voc
exhibits only a slight increase. We also checked the device
performance statistics (PCE, FF, and Jsc) for devices with and
without oleamide doping. According to our histograms, the
average PCE of the reference devices is 8.5%, which increases

Figure 1. (A) Schematic structure of the ISPSC device and the
chemical structures of oleamide and PCBM; (B) surface topographic
SEM image of the CH3NH3PbIxCl3‑x perovskite film on ITO/
PEDOT:PSS substrate; and (C) cross-sectional SEM image of the
device without Ag cathode.

Figure 2. (A) J−V curves of CH3NH3PbIxCl3‑x ISPSC devices with
pure PCBM or oleamide:PCBM ETL measured under illumination of
an AM 1.5 solar simulator (100 mW cm−2) in air. (B) EQE spectra of
the devices with or without oleamide measured in air. (C) Logarithmic
plot of J−V characteristics of the devices in the dark.
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to 10.5% for the oleamide:PCBM ETL-based devices. The
average FF and Jsc increase from 55% to 65% and from 16.5 to
17.5 mA/cm2, respectively (see SI Figure S2). Besides, the
hysteresis of the J−V curve was also checked for the devices
with and without oleamide, indicating that there was a small
hysteresis of the J−V curve for both reference (undoped) and
oleamide-doped devices, while the hysteresis for an oleamide-
doped device is much smaller than that for the reference
(undoped) device (see SI Figure S3 and Table S2). This is
probably because the improved surface coverage of the PCBM
on the perovskite film upon oleamide doping as discussed
below may passivate the grain boundary of perovskite layer.
The external quantum efficiency (EQE) curves of pure

PCBM and oleamide:PCBM ETL-based devices are compared
in Figure 2B. For both curves, there is a broad band with an
EQE of 70−90% in the region of 350−650 nm, which is much
lower in the region of 650−800 nm. The EQE response onset
at around 800 nm is consistent with the absorption onset as
shown in Figure 3. The overall EQE values and integreated

photocurrents of the oleamide:PCBM ETL-based device are
larger than those of the pure PCBM ETL-based one, and this is
in line with the increase of Jsc for oleamide-doped devices,
suggesting more efficient electron extraction by the Ag cathode
upon oleamide doping.
Since FF is another important photovoltaic parameter

responsible for the efficiency enhancement, the factors
determining FF are then analyzed. Unlike Voc and Jsc, FF is
more sensitive to the photoactive layer/electrode interface and
is directly correlated with the series resistance (Rs) and shunt
resistance (Rsh), which can be directly extracted from the J−V
curve.2,6−12 Upon oleamide doping of PCBM ETL, Rs
decreases significantly (from 17.7 to 4.8 Ω·cm2) while Rsh
exhibits a slight decrease (see Table 1), suggesting an improved
perovskite photoactive layer/cathode interface more favorable
for electron transport. In addition, the J−V curve in the dark

provides valuable information on the inherent electrical
characteristics, such as Rs, Rsh, and the leakage current of the
solar cell devices.27−32 As clearly shown in Figure 2C, the dark
current density of the ISPSC devices based on oleamide:PCBM
ETL under the reverse bias is lower than that of devices based
on pure PCBM ETL, suggesting that the leakage current at the
PCBM ETL/cathode is reduced upon oleamide doping.29

However, in the forward bias region of 0.95−1.5 V, the injected
current density of the device with oleamide is much higher than
that of the device without oleamide, suggesting a lowered
injection barrier between the PCBM ETL and the Ag cathode
upon oleamide doping and consequently improved electron
transport.27−29,31,32 Therefore, the decrease of Rs due to the
reduced leakage current and improved electron transport is
confirmed, accounting for the increase of FF.
Figure 3 compares the UV−vis absorption spectrum of the

CH3NH3PbIxCl3‑x perovskite/oleamide:PCBM bilayer film with
those of perovskite/PCBM and perovskite films for compar-
ison. The absorption onset of the CH3NH3PbIxCl3‑x perovskite
layer is about 780 nm, which corresponds to an optical bandgap
of 1.59 eV. This value is comparable to those reported in the
literature for the CH3NH3PbIxCl3‑x perovskite film prepared by
one-step spin-coating method, which shows good crystallinity
as confirmed by XRD characterization (see SI Figure S4).28,43

After coating the PCBM layer, the light absorption of
perovskite/PCBM bilayer film increases obviously in the region
of 300−470 nm due to the absorption of PCBM.29 In the
visible light region (470−800 nm), the light absorption of the
perovskite/PCBM bilayer film remains almost the same as that
of the pure perovskite film. Upon oleamide doping, the UV−vis
absorption spectrum of the perovskite/oleamide:PCBM bilayer
film looks identical to that of the perovskite/PCBM film,
suggesting that oleamide doping in the PCBM layer barely
affects the light absorption of the perovskite/PCBM film. This
is understandable since oleamide is a small organic molecule
having no absorption in the UV and visible light region. Hence,
the contribution of light absorption to the increase of Jsc can be
ruled out.
The performance of the perovskite solar cell is closely

associated with the surface morphology and microstructure of
perovskite layer.21,43,44 In order to investigate the effect of
oleamide doping on the surface morphology of the perovskite/
PCBM bilayer film and consequently the efficiency enhance-
ment of the ISPSC device, we used scanning electron
microscopy (SEM) and atomic force microscopy (AFM) to
measure the cross-sectional images and surface morphologies of
the perovskite/PCBM bilayer film with and without oleamide
doping. The surface topographic SEM image of the
CH3NH3PbIxCl3‑x perovskite film on ITO/PEDOT:PSS
substrate and the cross-sectional SEM image of the device are
illustrated in Figure 1, parts B and C, respectively, indicating
that the perovskite layer with a thickness of ca. 350 nm is very
compact and dense, and oleamide doping hardly affects the
thickness of the PCBM layer (ca. 80 nm). The influence of
oleamide doping on the surface morphology of the perovskite/

Table 1. Photovoltaic Parameters of the Best ITO/PEDOT:PSS/CH3NH3PbIxCl3‑x/ETL/Ag ISPSC Devices with Different
ETLs Obtained from J−V Curves under Reverse Scan

ETL Voc (V) Jsc (mA/cm
2) FF (%) PCE (%) Rs

b (Ω·cm2) Rsh
b (Ω·cm2)

PCBM 0.95 17.08 61.8 10.05 17.7 961.4
Oleamide:PCBMa 0.98 18.76 69.3 12.69 4.8 940.8

aDoping ratio of oleamide is 5 wt %. bRs and Rsh are given by the PCE measurement system.

Figure 3. UV−vis absorption spectra of perovskite, perovskite/PCBM,
and perovskite/oleamide:PCBM films.
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PCBM bilayer film is studied by AFM in the tapping mode, as
shown in Figure 4a−c (see SI Figure S5 for the section analysis
and 3D AFM images). While the 5 μm × 5 μm AFM image of
the single perovskite layer shows an inhomogeneous film with a
very large root-mean-square (RMS) roughness of 13.4 nm
(Figure 4a), that of the perovskite/PCBM bilayer film looks
more uniform and smooth, as reflected by the dramatically
decreased RMS roughness of 4.5 nm (Figure 4b). Upon
oleamide doping in the PCBM layer, although the overall image
feature is quite similar to that of the perovskite/PCBM bilayer
film, a further decrease in the RMS roughness to 3.3 nm is
observed (Figure 4c), indicating that the perovskite/PCBM
bilayer film becomes smoother. These results reveal that
oleamide doping improves the coverage of the PCBM ETL on
the perovskite layer, and a plausible reason is that the
intermolecular interaction between the PCBM and the
hydrophobic long alkyl chain of the oleamide molecule may
prohibit the aggregation of PCBM molecules during solvent
evaporation and consequently improve the molecular packing
of PCBM. The improved coverage of PCBM ETL on the
perovskite layer is beneficial for the interfacial contact between
the perovskite layer and the Ag cathode and consequently the
electron transport from perovskite to the Ag cathode, as
discussed further below.
Impedance spectroscopy is an effective tool to evaluate the

interfaces for perovskite solar cells.45−50 In order to investigate
the effect of oleamide doping on the interface between the
perovskite layer and the Ag cathode, we measured the
impedance spectroscopy of the devices in the dark under a
variable reverse potential from 0.2 to 0.8 V.49,50 The Nyquist
plots of the devices with and without oleamide doping under a
reverse potential of 0.8 V, which is typically used for perovskite
solar cells are compared in Figure 5, which also includes the
corresponding fitted curves based on a transmission line model
generally used in the literature.45−50 Accordingly, the data can
be well fitted with a simple circuit consisting of a resistor Rs, a
charge transfer resistance (Rrec), and a constant phase element
(CPE) for the interface between the perovskite layer and the
Ag cathode (see SI Figure S6). While Rrec is dependent on the
charge transport process at the interface, CPE, as a nonideal
capacitor, is usually defined by CPE-T and CPE-P, which are
related to the interface capacitor and an ideal capacitor,
respectively. The fitted parameters of Rs, Rrec, CPE-T, and CPE-
P from Nyquist plots are summarized in Table 2.
Comparing the fitted value of RS, which is correlated to the

internal resistance, we found that the RS for the device with
oleamide (7.15 Ω·cm2) is smaller than that of the device

without oleamide (8.99 Ω·cm2). This result is consistent with
the decrease of the series resistance upon oleamide doping
determined from J−V curve, as discussed above. Besides, the
fitted value of Rrec, which is inversely proportional to charge
recombination,47−49 is 1170 Ω·cm2 for the device with
oleamide, much larger than that of the device without oleamide
(611.9 Ω·cm2) (see also SI Figure S6 for the comparison of Rrec
under other biases). This suggests that oleamide doping
improves the interfacial contact between perovskite layer and
Ag cathode, thus prohibiting electron−hole recombination and
improving electron transport, and these may result in the loss of
electron.46 This result is consistent with the drastically
decreased series resistance (from 17.7 to 4.8 Ω·cm2) for the
oleamide-doped device observed from J−V curve, which mainly
reflects the information on charge transport between interfaces.
Furthermore, the CPE-T value for the device with oleamide is
5.39 × 10−8 F/cm2, much larger than that for the device
without oleamide (1.02 × 10−8 F/cm2). This suggests that the
interface capacitance for the device with oleamide is more ideal

Figure 4. AFM images of the single CH3NH3PbIxCl3‑x perovskite film (a), perovskite/PCBM bilayer film (b), and perovskite/oleamide:PCBM
bilayer film (c).

Figure 5. Nyquist plots of the CH3NH3PbIxCl3‑x perovskite-based
ISPSC devices with and without oleamide in the dark.

Table 2. Parameters Employed for the Fitting of the
Impedance Spectra of the Best CH3NH3PbIxCl3‑x Perovskite-
Based ISPSC Devices with and without Oleamide

ETL RS (Ω·cm2) Rrec (Ω·cm2) CPE-T (F/cm2) CPE-P

PCBM 8.99 611.9 1.02 × 10−8 1.005
oleamide:PCBM 7.15 1170 5.39 × 10−8 0.898
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electrically than that for the device without oleamide (see Table
2). Consequently, a dramatically enhanced electron collection
efficiency for the device with oleamide is expected, and this
directly contributes to the increases of both FF and Jsc.

■ CONCLUSIONS
In summary, an amphiphilic surfactant oleamide was introduced
into ISPSC for the first time by doping it in PCBM ETL,
leading to a dramatic efficiency enhancement of the
CH3NH3PbIxCl3‑x perovskite-based ISPSC devices. Under the
optimized oleamide doping ratio of 5 wt %, PCE of the ISPSC
devices increases from 10.05% to 12.69%, and this is primarily
due to the increases of both FF and Jsc. According to the surface
morphology study of the perovskite/PCBM bilayer film,
oleamide doping improves the coverage of PCBM ETL onto
the perovskite layer, and this is beneficial for the interfacial
contact between the perovskite layer and the Ag cathode, and
consequently the electron transport from perovskite to the Ag
cathode. Impedance spectroscopic study reveals the prohibited
electron−hole recombination at the interface between the
perovskite layer and the Ag cathode, resulting in dramatically
enhanced electron collection efficiency. Our technique of
incorporating the surfactant into ETL is simple and effective,
providing a new avenue for achieving high efficiency perovskite
solar cells.
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Graẗzel, M.; Mhaisalkar, S.; Sum, T. C. Long-Range Balanced Electron
and Hole Transport Lengths in Organic-Inorganic CH3NH3PbI3.
Science 2013, 342, 344−347.

(5) Stranks, S. D.; Eperon, G. E.; Grancini, G.; Menelaou, C.;
Alcocer, M. J. P.; Leijtens, T.; Herz, L.; Petrozza, A.; Snaith, H. J.
Electron-Hole Diffusion Lengths Exceeding 1 Micrometer in an
Organometal Trihalide Perovskite Absorber. Science 2013, 342, 341−
344.
(6) Kim, H. S.; Lee, C. R.; Im, J. H.; Lee, K. B.; Moehl, T.;
Marchioro, A.; Moon, S. J.; Humphry-Baker, R.; Yum, J. H.; Moser, J.
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