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ABSTRACT: Organo-lead halide perovskite solar cells have
emerged as one of the most promising candidates for the next
generation of solar cells. To date, these perovskite thin film
solar cells have exclusively employed organic hole conducting
polymers which are often expensive and have low hole
mobility. In a quest to explore new inorganic hole conducting
materials for these perovskite-based thin film photovoltaics, we
have identified copper iodide as a possible alternative. Using
copper iodide, we have succeeded in achieving a promising
power conversion efficiency of 6.0% with excellent photo-
current stability. The open-circuit voltage, compared to the best spiro-OMeTAD devices, remains low and is attributed to higher
recombination in CuI devices as determined by impedance spectroscopy. However, impedance spectroscopy revealed that CuI
exhibits 2 orders of magnitude higher electrical conductivity than spiro-OMeTAD which allows for significantly higher fill factors.
Reducing the recombination in these devices could render CuI as a cost-effective competitor to spiro-OMeTAD in perovskite
solar cells.

■ INTRODUCTION

With the continued rise in global energy demand, there is a
growing need to transition from fossil fuels to renewable energy
sources to promote a cleaner atmosphere and reduce global
warming.1 The Sun delivers more energy to Earth’s surface in 1
h than humanity currently uses in one year. Therefore,
harvesting a small fraction of incident solar irradiation could
meet our growing energy demand. Realizing the full potential of
this vast energy source requires a new generation of
photovoltaics that are both efficient and cost-effective.2 For
this reason, solid-state heterojunction solar cells have been the
subject of ongoing investigation.3−5 Additionally, such thin film
solar cells have a lower carbon footprint and shorter energy
payback period in comparison to wafer-based technologies
which contribute to making these devices more environ-
mentally friendly.6,7

Solar cells employing methylammonium lead iodide
(CH3NH3PbI3) perovskite absorber materials on mesoscopic
TiO2 and Al2O3 substrates have shown very promising
efficiencies over 10%.3,4,8−11 These perovskite solar cells have
typically employed a wide variety of organic polymer hole
conductors.8−10,12,13 Most notable of these hole-conducting
polymers is spiro-OMeTAD (2,2′,7,7′-tetrakis(N,N-di-p-me-
thoxyphenylamine) 9,9′-spirobifluorene). Using spiro-OMe-
TAD as hole conductor, Burschka et al. recently constructed
a TiO2/CH3NH3PbI3 solar cell demonstrating 15.0% efficin-
ecy,8 and Liu et al. reported a planar TiO2/CH3NH3PbI3−xClx
solar cell with a record efficiency of 15.4%.14

The high efficiency obtained with these perovskite sensitizers
demonstrates their potential for implementation as commercial
solar cells.3,11 However, the use of organic hole conductors may
represent a potential hurdle to the future commercialization of
this type of solar cell because of their relatively high cost. For
example, the current commercial price of high purity spiro-
OMeTAD is over ten times that of gold and platinum. While
increased demand would undoubtedly lower this cost
dramatically in any large scale commercial endeavor, it is likely
to remain expensive due to the synthetic methods and high
purity needed for photovoltaic applications.17 On the other
hand, inorganic copper-based p-type semiconductors, such as
CuSCN and CuI, offer potential hole conductors for a much
lower cost. Also, these copper-based hole conductors have
shown promise for use in dye-sensitized and quantum dot-
sensitized solar cells because they are solution-processable,
wide-band-gap semiconductors with high conductivity.18−23

Furthermore, there have been numerous reports of inorganic
hole conductors used in sensitized solar cells which outperform
comparable spiro-OMeTAD solar cells.24−26 For this reason,
development of alternative hole conductors to spiro-OMeTAD
is a promising avenue to further improve the performance of
perovskite solar cells, as spiro-OMeTAD likely does not
represent the ideal hole-conducting material for this system.
In this study, we present a CH3NH3PbI3 perovskite-sensitized
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solar cell utilizing CuI as the hole conductor, demonstrating an
inexpensive, stable, solution-processable inorganic hole con-
ductor. CuI was selected on the basis of its suitable valence
band position (Figure 1),15,16 high p-type conductivity, and the
compatibility of the solution deposition method with the
organo-lead halide perovskite absorber.

■ EXPERIMENTAL SECTION
Materials. 2,2′,7,7′-Tetrakis(N,N-di-p-methoxyphenylamine)-9,9-

spirobifluorene (spiro-OMeTAD, Luminescence Technology Corp.),
4-tert-butylpyridine (Sigma Aldrich, 99%), bis(trifluoromethane)-
sulfonamide lithium salt (Sigma Aldrich, 97%), chlorobenzene (Alfa
Aesar, 99.5%), copper iodide (Sigma Aldrich, 98%), di-n-propyl sulfide
(C6H14S, Alfa Aesar, 98%), hydroiodic acid (Alfa Aesar, 55−58 wt %),
γ-butyrolactone (Sigma Aldrich, 99+%), lead iodide (Arcos Organics,
99%), methylamine (Sigma Aldrich, 40 wt % in H2O), titanium
diisopropoxide bis(acetylacetonate) ([(CH3)2CHO]2Ti(C6H7O2)2,
Sigma Aldrich, 75 wt.% in 2-propanol), and zinc powder (median
6−9 μm, Alfa Aesar, 97.5%) were used without further purification.
Synthesis of Methylammonium Iodide. Methylammonium lead

iodide was synthesized by the dropwise addition of hydroiodic acid
(aqueous, 57 wt %) to a solution of methylamine (aqueous, 40 wt %)
in an ice bath. The cold solution was stirred for 2 h, and the solvent
was evaporated using a rotary evaporator. The crystals were washed
using diethyl ether three times and dried. The resulting white solid was
used without further purification.
Solar Cell Fabrication. Solar cells were fabricated in a dry

environment. Fluorine-doped tin oxide (FTO) glass (Pilkington Glass,
TEC-7, 2 mm thickness) was masked, and the exposed area was coated

in Zn powder. The FTO layer was then etched away by dripping ∼2 M
HCl over the Zn. The etched FTO glass slides were then rinsed with
DI H2O and cleaned for 15 min using a detergent solution in an
ultrasonic bath. The glass was rinsed with water and then ethanol,
dried with air, and heated at 500 °C for 5 min to remove any organics.
A ca. 100 nm compact TiO2 blocking layer was deposited on the FTO
by spray pyrolosis of 0.20 M titanium diisopropoxide bis-
(acetylacetonate) (TAA) in ethanol.27 The films were then annealed
at 500 °C for 30 min. The mesoporous TiO2 layer was spin coated
from a TiO2 paste (Dyesol 18 NR-T paste 2.5:1 dilution by weight in
anhydrous ethanol) at 2000 rpms for 30 s. The films were dried at 80
°C for 30 min and annealed at 500 °C for 1 h. The CH3NH3PbI3
precursor solution was prepared by dissolving equimolar amounts of
CH3NH3I and PbI2 in anhydrous γ-butyrolactone (40% by weight) at
70 °C. This solution was dripped on top of the TiO2 film, and the film
was soaked for 1 min and then spun at 2000 rpm for 30 s. The film was
placed on a hot plate at 80 °C for 45 min to form crystalline
CH3NH3PbI3. For spiro-OMeTAD films, the spiro-OMeTAD hole
conductor was applied by spin coating a solution of 68 mM spiro-
OMeTAD, 55 mM tert-butylpyridine, and 9 mM lithium bis-
(trifluoromethylsulfonyl)imide salt in chlorobenzene at 2000 rpm for
45 s. The CuI hole conductor was deposited as described below.
Following hole conductor deposition, the solar cells were stored in a
desiccator overnight. Finally, the solar cells were completed by
depositing a gold contact (100 nm) by metal evaporation. The
completed solar cells were then scribed (typical area of ∼0.15 cm2) to
separate the solar cell active area from the surrounding material before
testing. The efficiency of CuI solar cells typically improved, mainly
because of an increased open-circuit voltage and short-circuit current,
upon storage in dry air in the dark for several days to two weeks
following completion.

For absorbance measurements, mesoporous Al2O3 films were
prepared by spin coating in a manner similar to that for the TiO2
films. A 20 wt % solution of CH3NH3I and PbI2 was cast onto the
Al2O3 films and annealed to form crystalline CH3NH3PbI3.

Copper Iodide Deposition. Copper iodide was dissolved in 1:39
di-n-propyl sulfide to chlorobenzene, respectively, to form a 0.1 M CuI
solution by stirring overnight. This solution was used to deposit CuI
onto the sensitized TiO2 film using an apparatus similar to that
reported by O’Regan et al. for CuSCN deposition,28 as shown in
Scheme 1. Holes were drilled (0.3 mm, spaced ∼3 mm apart) into the
side of a needle (0.7 mm diameter). The FTO substrate (2 cm × 1.5
cm) was placed on a hot plate at 80 °C with the deposition needle
aligned parallel approximately 0.5 mm above the surface. CuI solution
was pumped at a constant rate of 25 μL min−1 using a syringe pump
until a small bead of solution formed between the bottom of the
needle and the surface of the solar cell across the entire width of the
FTO. The needle was then moved back and forth above the surface of
the electrode at a rate of 1 mm s−1 while the CuI solution slowly
infiltrated the TiO2 pores. This technique allowed for thin films of CuI

Figure 1. Band energy diagram of TiO2/CH3NH3PbI3 solar cell
employing (A) CuI and (B) spiro-OMeTAD hole conductors.15,16

Scheme 1. Automated Drop-Casting Apparatus Used in Our Lab for the Solution Deposition of CuI onto Mesoporous TiO2/
CH3NH3PbI3 Films
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to be spread over the solar cell active area and dried before the next
film was applied. In this way, CuI was allowed to build up in the
mesoporous TiO2 network and form a 1.5−2.0 μm overlayer. After
deposition, the excess CuI was scribed off of the electrode areas before
the Au contact deposition.
Impedance Spectroscopy. Impedance spectroscopic measure-

ments were performed with a 10 mV rms amplitude over the
frequency range of 1 Hz to 300 kHz under 100 mW/cm2 AM 1.5G
simulated solar irradiation. Gamry E-Chem Analyst software was used
to model the Nyquist plots obtained from the impedance measure-
ments.
Characterization. UV−visible absorption measurements were

conducted using a Varian Cary 50 Bio spectrophotometer. Photo-
electrochemical measurements were carried out using a Princeton
Applied Research 2273 (PARstat) potentiostat. A 300 W Xe lamp with
an AM 1.5 filter was used to illuminate the solar cells at 100 mW/cm2.
Incident photon to carrier efficiencies (or EQE) were measured using
a Newport Oriel QE/IPCE measurement kit with a silicon photodiode
detector. Film cross sections were obtained using an FEI Magellan-400
field emission scanning electron microscope (FESEM).

■ RESULTS AND DISCUSSION

Fabrication and Characterization of Solar Cells. TiO2/
CH3NH3PbI3 solar cells utilizing either CuI or spiro-OMeTAD
hole conductors were constructed by similar methods as
discussed previously in the literature.29 Briefly, a ∼100 nm
compact TiO2 blocking layer was deposited on the FTO by
spray pyrolysis,27 and the 600−800 nm thick TiO2 active layer
was applied by spin-coating. The TiO2 films were dried for 30
min at 80 °C and sintered at 500 °C for 1 h. The perovskite was

deposited by spin-coating a 40 wt % equimolar solution of
CH3NH3I and PbI2 in γ-butyrolactone. The films were then
annealed at 80 °C for 45 min to allow the CH3NH3PbI3 to
crystallize.
CuI solar cells were constructed by an automated drop-

casting technique pictured in Scheme 1, similar to previously
reported methods for CuSCN deposition,20,21,28 from a 1:39 di-
n-propyl sulfide−chlorobenzene solution. For this deposition, a
syringe needle with holes drilled along the top was placed
above the TiO2/CH3NH3PbI3 film, which was maintained at 80
°C, and a bead of CuI solution was moved back and forth
across the substrate using an automated mechanical motor. In
this way the CuI was deposited over the entire solar cell, filling
the porous TiO2/CH3NH3PbI3 network and creating a 1.5−2.0
μm CuI overlayer (Figure 2C). Spiro-OMeTAD solar cells
were constructed by spin-casting from chlorobenzene onto the
TiO2/CH3NH3PbI3 film to provide pore filling of mesoporous
network and a 200−400 nm spiro-OMeTAD overlayer (Figure
2D). Excess CuI (or spiro-OMeTAD) was scribed off, and a
gold contact (100 nm) was deposited using metal evaporation
to form the counter electrode. The cell active area was then
scribed to separate the measured solar cell area from the
surrounding deposit. This was essential for CuI solar cells to
prevent artifacts from lateral current flow, as shown in Figure
SI-1, Supporting Information.
Upon deposition of CuI into the perovskite film, it is possible

that the Cu in the hole conductor reacts with the CH3NH3PbI3,
causing a Cu/Pb exchange or another reaction. If this were to

Figure 2. (A) Cross section schematic of TiO2/CH3NH3PbI3/CuI solar cell and (B) image of the complete device. SEM cross section images of
solar cells employing (C) CuI and (D) spiro-OMeTAD hole conductors.
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take place, we would expect to see a shift in the absorbance
peaks of the perovskite sensitizer. Therefore, UV−visible
absorbance spectra of Al2O3/CH3NH3PbI3 films were recorded
before and after CuI deposition, as shown in Figure SI-2,
Supporting Information. The absence of any significant peak
shift following CuI deposition indicates that any Cu/Pb
exchange or other reaction between the perovskite and the
CuI, if it occurs at all, is likely to be small.
Photoelectrochemical Performance. Photoelectrochem-

ical performance of these devices was tested under 100 mW/
cm2 AM 1.5G simulated solar irradiation. CuI solar cells
required storage for days to weeks to reach their maximum
efficiency. Storage resulted primarily in increased VOC, and JSC,
the fill factor, generally did not change significantly. The J−V
characteristics of the champion CuI and spiro-OMeTAD solar
cells are shown in Figure 3. The photoelectrochemical

performance of 36 CuI and 48 spiro-OMeTAD solar cells is
summarized in Table 1. Complete analyses of the photovoltaic
parameters for all CuI and spiro-OMeTAD solar cells tested are
shown in Figure SI-3 and Figure SI-4 in the Supporting
Information, respectively. The champion CuI solar cell
exhibited power conversion efficiency of 6.0% compared to
7.9% for the champion spiro-OMeTAD device. It should be
noted that while the champion spiro-OMeTAD devices
fabricated in our lab have efficiency lower than that of the
best reported devices,15 the overall distribution of efficiency was
very competitive with other reported TiO2/CH3NH3PbI3/
spiro-OMeTAD solar cells, as shown in Figure SI-5, Supporting
Information.9,29

As seen in the summary of device performance in Table 1,
the primary difference in photovoltaic performance of the two
hole conductors is the low open-circuit voltage of the CuI solar

cells, nearly 300 mV lower on average than that obtained using
spiro-OMeTAD.
The external quantum efficiency (EQE) of the CuI and

spiro-OMeTAD solar cells were recorded by monitoring short-
circuit current at different incident wavelengths of light (Figure
4A). Both CuI and spiro-OMeTAD solar cells show peak

external quantum efficiencies (EQE) over 80%. The solar cells
show similar spectral response, with the CuI device showing
slightly higher EQE corresponding to its higher short-circuit
current density (CuI JSC = 17.8 mA/cm2, spiro-OMeTAD JSC =
16.1 mA/cm2). This further highlights the similarity in
performance between CuI and spiro-OMeTAD and provides
further evidence that there is no reaction between CuI and the
CH3NH3PbI3. Thus, the primary differences in photovoltaic
performance of these solar cells are the open-circuit voltage and
fill factor.
To determine the relative stability of the CuI and spiro-

OMeTAD solar cells, representative solar cells were held at
short-circuit conditions under constant 100 mW/cm2 AM 1.5G
illumination for a period of 2 h in without encapsulation under
ambient conditions (Figure 4B). The CuI solar cell showed

Figure 3. J−V characteristics of champion TiO2/CH3NH3PbI3 solar
cells employing CuI (green) and spiro-OMeTAD (blue) hole
conductors under 100 mW/cm2 AM 1.5G irradiation. Solar cell
active areas were scribed to be 0.13 ± 0.02 cm2.

Table 1. Summary of CH3NH3PbI3 Perovskite Solar Cells Using CuI and Spiro-OMeTAD

hole conductor JSC (mA/cm2) VOC (V) FF η (%)

CuI champion 17.8 0.55 0.62 6.0
averagea 12.1 ± 3.3 0.52 ± 0.06 0.60 ± 0.07 3.7 ± 1.1
maximumb 18.9 0.62 0.71 −

spiro-OMeTAD champion 16.1 0.79 0.61 7.9
averagea 14.0 ± 1.7 0.78 ± 0.02 0.55 ± 0.07 6.0 ± 1.1
maximumb 17.0 0.82 0.65 −

aAverage parameters were calculated along with a standard deviation from a sample size of 36 CuI and 48 spiro-OMeTAD solar cells (measured area
of the electrodes was 0.13 ± 0.02 cm2). bParameter maxima are the highest observed value for that parameter in the sample set. See Supporting
Information for the complete distribution of solar cell performance.

Figure 4. (A) IPCE of (a) CuI and (b) spiro-OMeTAD solar cells. (B)
JSC upon 2 h continuous illumination without encapsulation at 100
mW/cm2 AM 1.5 illumination of (a) CuI and (b) spiro-OMeTAD
solar cells.
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constant current for the duration of the experiment while the
JSC of the spiro-OMeTAD solar cell decreased by approximately
10%. The stability of the CuI-based perovskite devices is
surprising given the poor stability of solid-state dye-sensitized
solar cells utilizing CuI.30 Further investigation is required to
elucidate the photostability under long-term illumination.
Despite the promising photocurrent stability of CuI, it should
be noted that continuous illumination at open-circuit for a
period of 1 h causes a decrease (∼20%) in VOC (Figure SI-6A,
Supporting Information). This decrease is not due to
photodegradation of the CuI or perovskite film as evident
from the recovery of original voltage and photovoltaic
performance the solar cell upon storage in dark (Figure SI-
6B, Supporting Information). Thermal effects and other charge
transport issues causing this decrease in photovoltage during
illumination are currently being explored. The stability of CuI
solar cells at high humidity is also of interest. While no
systematic investigation was undertaken in the present work,
CuI solar cells were found to be quite stable upon storage
without encapsulation under ambient conditions on the
benchtop for a period of 54 days, as shown in Figure SI-6C,
Supporting Information.
Impedance Spectroscopy. Impedance spectroscopy (IS)

can be used to separate processes occurring with different
characteristic time scales in solar cells, such as the carrier
conductivity, recombination resistance, and the chemical
capacitance.31−34 We employed IS to probe the factors
responsible for the high fill factor (0.60 ± 0.07 vs 0.55 ±
0.07) and low voltage (0.52 ± 0.06 V vs 0.78 ± 0.02 V) of CuI
compared to spiro-OMeTAD solar cells, as shown in Table 1.
Impedance spectra of representative CuI (Figure 5A) and spiro-
OMeTAD (Figure 5B) solar cells were recorded at different
voltages over the frequency range of 1 Hz to 300 kHz under
100 mW/cm2 AM 1.5 illumination. The Nyquist plots of these
solar cells show two main features: (i) an arc at high
frequencies which becomes almost nonexistent in the case of
CuI, and (ii) a second arc at lower frequency.
As in a previous report on CH3NH3PbI3 by Kim et al.,31 no

distinct transmission line (TL) behavior is observed under
illumination in the present experiments. The absence of TL
behavior, which arises from electron transport resistance, is
likely due to the very thin TiO2 films employed. Consequently,
the low electron transport resistance does not allow for the
adequate resolution of any TL feature. Therefore, the simplified
circuit model, shown in Figure 5C, represents the case in which
no TL is observed. Previously, a similar simplification was made
by Boix et al. for TiO2/Sb2S3/CuSCN solar cells which did not
exhibit a marked TL component.33 In this equivalent circuit
model, the high frequency arc in the Nyquist plots is attributed
to the diffusion of holes through the hole transport material
(HTM) which is modeled by a HTM resistance, RHTM, in
parallel with HTM capacitance, CHTM. The lower frequency arc
is attributed to a recombination resistance, Rrec, in parallel with
a chemical capacitance, cμ, related to the electron Fermi level in
the TiO2.
Recombination in CuI and spiro-OMeTAD solar cells was

investigated by the change in recombination resistance
(inversely related to the recombination rate) with voltage as
shown in Figure 6A. Recombination resistance, Rrec, decreases
exponentially for both CuI and spiro-OMeTAD with increasing
potential, a behavior typical of mesoporous TiO2 solar cells.

32,33

At low potentials, recombination in both systems becomes
dominated by shunting, resulting in a flattening of the slope of

Figure 5. Representative Nyquist plots at short-circuit and 250 mV
bias of TiO2/CH3NH3PbI3 solar cells under 100 mW/cm2

illumination employing (A) CuI and (B) spiro-OMeTAD hole
conductors. Insets show the high frequency portion of the spectra.
(C) Equivalent circuit model employed for impedance analysis of the
perovskite solar cells.

Figure 6. (A) Summary of the recombination resistance, Rrec. Dashed
line shows the fit of the linear portion at high potentials to eq 2. (B)
Hole transport material conductivity, σHTM, of CuI and spiro-
OMeTAD solar cells at different potentials under 100 mW/cm2 AM
1.5 illumination.
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Rrec.
33 In spiro-OMeTAD, shunting appears to dominate

recombination up to 500 mV, while with CuI, shunting only
appears at very low potential (<200 mV). This indicates that
recombination in the mesoscale superstructure of the TiO2/
CH3NH3PbI3/spiro-OMeTAD device is low compared to CuI-
based devices, so it does not become the dominant
recombination pathway until high potential (>500 mV) is
reached. Thus, it is seen that CuI displays much higher
recombination, seen by lower Rrec at comparable potentials,
which limits the open-circuit voltage of these devices.
On the other hand, the slope of Rrec near the respective open-

circuit voltage is greater for CuI than spiro-OMeTAD.
Assuming the diode model of solar cell performance,
recombination can be described by eq 1.

= βU k nn rec c (1)

where Un is the recombination rate, krec is the recombination
rate constant, nc is the population of free electrons, and β is the
recombination exponent (where 0 ≤ β ≤ 1) which is related to
the diode quality factor, m, by m = 1/β.32 From this model, the
recombination resistance can be calculated by eq 2.32

β
= β−R

k T
q j

e q V k T
rec

B

0

/F B

(2)

where j0 is the diode dark current, and VF is the difference in
electrode Fermi level potential. Therefore, the difference in the
slope of Rrec is attributed to a lower diode ideality factor for CuI
than spiro-OMeTAD (mcul = 2.7, mspiro = 5.0). This lower diode
quality factor (closer to ideal) explains the increased fill factor
seen in CuI solar cells.
The conductivity of the HTM, σHTM (Figure 6B), was

estimated from RHTM as σHTM = L/RHTM where L is the length
traveled by holes which is the sum of the HTM overlayer
thickness as measured by SEM and the thickness of the TiO2
layer divided by 2 to account for the travel of holes inside the
TiO2 network.

33 From this, it is seen that the conductivity of
CuI is nearly 2 orders of magnitude higher than that of spiro-
OMeTAD. The higher electrical conductivity of CuI, which is
consistent with previously published results,19,22,29 leads to a
lower resistive voltage loss due to hole transport. Therefore, the
higher diode quality factor (and fill factor) of CuI can be
explained by an electrical conductivity greater than that of
spiro-OMeTAD.
The primary reason for the low efficiency of the CuI solar

cells compared to the best spiro-OMeTAD solar cells was the
low open-circuit voltage obtained using CuI. This low VOC is
attributed to a recombination rate with CuI higher than that of
spiro-OMeTAD. It was previously reported in solid-state DSCs
that free iodine in CuI can induce valence band trap states
which decrease VOC and increase recombination.16 Further
evidence is needed to determine if this is occurring in these
devices, but, if it is the cause of the low VOC, proper passivation
of these trap states could lead to higher VOC and better overall
photovoltaic performance.

■ CONCLUSIONS
We have demonstrated CuI as a solution-processable, inorganic
hole conductor for use in methylammonium lead iodide
perovskite solar cells. These solar cells show power conversion
efficiencies as high as 6.0% and are shown to be very stable,
providing a JSC stability better than that of spiro-OMeTAD
solar cells upon continuous 2 h illumination. In addition, CuI

provides fill factors higher than that of spiro-OMeTAD because
of higher electrical conductivity. However, despite these
advantages, the efficiency obtained with CuI is still lower
than with spiro-OMeTAD because of the exceptionally high
voltages obtained in spiro-OMeTAD solar cells. Future studies
are aimed toward determining whether the high recombination
seen in CuI-based solar cells can be reduced and higher VOC
obtained. Despite these potential difficulties, CuI represents a
promising low-cost hole conductor for perovskite solar cells. In
fact, a CuI solar cell exhibiting the performance of the
maximum parameter values from Table 1 (JSC = 18.9 mA/cm2,
VOC = 0.62 V, and FF = 0.71) would yield an efficiency of 8.3%,
making CuI a promising inorganic hole conductor material for
use with organo-lead halide perovskite.
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