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Figure S1. a) Optical photograph of MAPbBr3 single crystals grown by the antisolvent vapor 
diffusion crystallization method. The MAPbBr3 monocrystalline films grown on b) silicon 
wafer, ITO-coated glass and platinum-coated silicon wafer, and c) glass and gold-coated 
silicon wafer. d) Optical photograph of enormous tiny crystals grown by triggering the 
ultrasonic pulse at deep supersaturation stage. 
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Figure S2. Top-view SEM images of MAPbBr3 monocrystalline films grown on substrates 

under different magnifications. The left image was taken from the edge of the monocrystalline 

film to increase contrast.  

 

 

Figure S3. Statistic histograms of MAPbBr3 monocrystalline film thicknesses with different 
precursor concentrations. The average thickness and minimum thickness are also shown in the 
inset table. 
 

We evaluated the dependence of film thickness on precursor concentrations by comparing 

approximately 50 discrete as-grown films from precursors of two concentrations, 0.1 M and 

0.2 M, after a fixed post-sonication growth time of 10 h. As shown in Figure S3, the 

minimum (average) film thickness decreased from 6.1 μm to 2.7 μm (22.6 μm to 8.9 μm) by 

reducing the concentration from 0.2 M to 0.1 M. This dependence is related to a higher rate of 

crystal growth in a more concentrated solution.   
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Space-charge-limited current analysis 

The current-voltage (I-V) measurements were carried out on the Au/MAPbBr3/Au 

monocrystalline sandwich structure. As shown in Figure S4, the logarithmic plot of I-V curve 

clearly exhibit a trap-controlled space-charge-limited current (SCLC) behavior, including 

three distinct regions with different slopes.[1] At small voltages, the device shows linear 

current response, i.e. Ohmic conduction. Further increasing the voltage, the current exhibits a 

rapid nonlinear rise (the onset voltage is defined as VTFL) with I ∝ V n (n > 3) at the trap-filled 

limit (TFL) regime. In the region of high voltages, a quadratic response, i.e. I ∝ V2, was 

observed, which follows the Child’s law. The concentrations of in-gap deep trap states (Ndt) 

can be estimated by the equation VTFL= eNdt d2/(2εε0), where d is the film thickness, e and ε0 

represent the elementary charge and vacuum permittivity, respectively. The relative dielectric 

constant of MAPbBr3 ε is estimated as 25.5.[2] As a result, the Ndt was calculated as (1.39 ± 

0.21)×1011 cm-3. 

 

Figure S4. a) I-V curve measured from the Au/MAPbBr3/Au monocrystalline sandwich 
structure (inset). Different regions of the logarithmic I-V plot are linearly fitted and the VTFL 
are also marked in the plot. b) I-V curves of a lateral Au/MAPbBr3/Au structure with varying 
distances between two Au electrodes, showing a linear characteristic.  
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Photoluminescence and absorption measurements 

The existence of surface states in the monocrystalline film was corroborated by the absorption 

and photoluminescence (PL) spectra of the film. As shown in Figure S5a, the absorption peak 

at 529 nm and PL peak at 539 nm agree well with those captured from polycrystalline thin 

films (Figure S5b), while absorption edge at 553 nm and PL at 555 nm match those of bulk 

crystals.[2] According to our previous experience, collecting the PL and absorption spectra of 

bulk single crystals while keeping them in the mother liquor could avoid the crystal surface 

being corroded and reconstructed. However, this set-up was difficult to achieve in the 

situation of characterizing monocrystalline films grown on substrates. Interestingly, a 

resonance feature is observable over the PL peak at 555 nm, which should come from the 

Fabry-Pérot interference of the direct emission light of the bulk and the emission of light 

reflected by the substrate.[3] This phenomenon further confirms the uniform nature of the 

monocrystalline films. 

 

 

Figure S5. PL and optical absorption curves measured from MAPbBr3 a) monocrystalline 
film and b) polycrystalline film.  
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Figure S6. Photographs of one monocrystalline solar cell devices a) without and b) with the 
aperture mask; c) the photo of a ~2 × 2 mm2 device and its corresponding J-V curve with the 
photovoltaic parameters also shown. The thickness of the monocrystalline film is 5 μm.  
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Figure S7. Photoelectron spectroscopy of MAPbBr3 monocrystalline films in air, showing a 
work function of 5.63 eV. 

 
 

 

Figure S8. J-V curves of a) ITO/monocrystalline MAPbBr3/Au and b) 
FTO/TiO2/monocrystalline MAPbBr3/Au in log scale under dark and illumination.  
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Figure S9. Statistical histograms of MAPbBr3 monocrystalline solar cell parameters extracted 
from 12 devices for each type. The thicknesses of monocrystalline films for ITO-based and 
FTO/TiO2-based solar cells are ~ 4 μm and < 4 μm, respectively.  
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Figure S10. Wavelength-dependent transparency of a) bare ITO glass (TITO) and b) FTO glass 
(TFTO). The transmission of MAPbBr3 single crystal films (Tperovskite) was also plotted in the 
form of 1-Tperovskite to define the onset of EQEmax curve, i.e. theoretically upper limit of EQE, 
for two different structured perovskite monocrystalline devices. EQEmax can be achieved only 
when the device can absorb all the photons that transmit through ITO or FTO substrates, 
convert them into electrons and then collect completely (i.e. 100% IQE). Therefore the 
EQEmax curve will overlap with the transparency curve of corresponding substrates at 
wavelengths below onset absorption, as presented in both a) and b). Hence, the theoretical 
integrated current density is calculated for both device structures: 7.64 mA cm-2 for 
ITO/MAPbBr3/Au and 7.24 mA cm-2 for FTO/TiO2/MAPbBr3/Au.  
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Mott-Schottky analysis of MAPbBr3/Au Schottky diode 

 

The capacitance-voltage (C-V) measurements can be used to determine the built-in potential, 

depletion width and carrier concentration.[4] According to the depletion approximation, the 

junction capacitance is given by 

                                                              /                                                             (S1) 

A is the device area, ε and ε0 refer to dielectric constant (25.5 for MAPbBr3) and the vacuum 

permittivity, respectively.  The depletion width, W, of a Schottky junction is given by 

                                                                                                                   (S2) 

where e is the elementary charge, ND is the dopant density, V is the applied bias and Vbi is the 

built-in potential. From Equation S1 and S2 we can get 

                                                           (S3) 

From which we express the dopant density as 

                                                      (S4) 

The Mott-Schottky plot of C-2 versus V is shown in Figure S11. According to Equation S3, a 

Vbi of ~1.2 eV can be obtained from the linear extrapolation of C-2-V curve to zero. The self-

dopant density of 7.15×1013 cm-3 can be calculated by the linear fitting slope of C-2 -V curve. 

From Equation S2 the depletion width W can be calculated as 6.88 µm. 

 

Figure S11. Mott-Schottky plot of the C-V measurement from the ITO/monocrystalline 
MAPbBr3/Au solar cell and the fitting curve at the linear regime.  
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Figure S12. a) Cross-sectional and b) top-morphology SEM images measured from the 
polycrystalline MAPbBr3 film grown on ITO-coated glass. The film consists of an entire 
monolayer of grains with smooth surface morphology and full coverage. The dark and 
illuminated (AM1.5, 100 mW cm-2) J-V curves of the ITO/polycrystalline MAPbBr3/Au 
device in c) log-scale and d) linear scale. The corresponding illuminated J-V curve after 48-
hour continuous illumination is also shown in d). 
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Figure S13. a) Transient current curves under various biases of the cell ITO/monocrystalline 
MAPbBr3/Au and b) the corresponding stable photocurrent (blue open square) agrees well 
with the reverse scanned J-V curve.  
 

 

Figure S14. Dark and illuminated J-V curves measured from the meso-structured solar cell. 
The illuminated J-V curve after 48-hour continuous illumination is also shown. 
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Figure S15. The illuminated J-V curves of a) ITO/monocrystalline MAPbBr3/Au and b) 
FTO/TiO2/monocrystalline MAPbBr3/Au solar cells measured before and after 48-hour 
continuous illumination. 
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