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A simple vacuum deposition method for the preparation of 

high quality hybrid organic-inorganic methylammonium lead 

iodide perovskite thin films is reported. When sandwiched in 

between organic charge transporting layers, such films lead 

to solar cells with a power conversion efficiency of 12%. 

Organic-inorganic (hybrid) halide perovskites consisting of aliphatic 

or aromatic ammonium cations and divalent metals have been the 

focus of several studies due to their interesting optoelectronic 

properties, high charge mobility and ease of deposition even through 

solution-based methods.1, 2 More recently, three dimensional hybrid 

perovskites have been successfully employed as light harvesters in 

thin film solar cells.3, 4 Thanks to a large scientific effort by a 

number of research groups, the device performance has seen a 

spectacular rise and, in only five years, a record PCE as high as 

20.1% has been reported.5-14 Early studies focused mainly on the 

optimization of the solar cell architecture through interface 

engineering, i.e. choice of proper hole transport materials (HTMs),4, 

9, 15, 16  and electron transport materials (ETMs).3, 8, 12, 17, 18 Most 

recent investigations, however, have demonstrated that the control 

over the perovskite crystallization plays a main role in the 

achievement of high PCE devices.19, 20 Homogeneous perovskite 

films with large crystal size are desirable since they would allow to 

increase the layer thickness, thus increasing the sunlight absorption, 

without hindering the charge transport and collection. Many 

different strategies have been proposed so far for the solution-

processing of hybrid perovskites.21-26 Besides the deeper 

understanding on the structure-properties relation in 

methylammonium lead halide perovskite cells, these studies also 

highlighted the complexity and interplay of parameters involved in 

the solution deposition of such materials. Taking into account that 

perovskite solar cells are potential candidate for complementing 

silicon or copper indium gallium selenide (CIGS) cells in tandem 

devices, the development of a reliable and thin-film compatible 

deposition technique is a primary task. Within this perspective, dual 

source vapour deposition has been proposed as an attractive 

alternative in the preparation of CH3NH3PbI3 thin films for 

photovoltaics.7, 12 Perovskites layers were obtained by simultaneous 

controlled co-evaporation of the lead halide (either PbCl2 or PbI2) 

and the methylammonium iodide CH3NH3I (MAI) in high vacuum 

chambers. Such vapour-deposited films are very flat and 

homogeneous and, when employed in solar cells architecture, lead to 

PCEs as high as 16.5%.27 Co-evaporation enables a fine control over 

the stoichiometry and thickness of the perovskite films, and take 

advantage of the intrinsic high purity of sublimated compounds. 

Moreover, the technique allows for the preparation of multi-layer 

stacks, and is fully compatible with standard semiconductor 

processing. On the other side, the process is relatively time-

consuming and it requires accurate periodical calibration to control 

proper deposition rate and precursors ratio. An alternative physical 

method for the deposition of compound semiconductors is flash 

evaporation.28, 29 The material to be deposited is placed on a metal 

heater and brought to vacuum, and then a large current is passed 

through the heater causing the material to rapidly evaporate and 

condense onto a substrate. Layered, 2D perovskite metal halide 

doped with aliphatic or aromatic ammonium cations were deposited 

with this method, resulting in optically active, polycrystalline thin 

films.30 The desired hybrid film is formed at temperatures high 

enough for the inorganic compound to evaporate, without causing 

the decomposition of the organic component.31 

In this communication, we report the flash evaporation of 3D 

organic-inorganic hybrid perovskites and their use in efficient, 

planar photovoltaic devices. We show that uniform and smooth 

polycrystalline CH3NH3PbI3 thin films of the desired thickness can 

be obtained by careful tuning of the deposition parameters. The as-

deposited material was characterized by optical and morphological 

methods, revealing a high degree of homogeneity as well as a low 

surface roughness, which is desirable for its implementation into 

optoelectronic devices. The photovoltaic properties of flash 

evaporated CH3NH3PbI3 thin films were evaluated in planar 

heterojunction solar cells employing organic charge transport layers. 

High PCE up to 12% were obtained, demonstrating the potential of 

flash evaporation as an alternative method for the production of 

efficient perovskite solar cells. While the flash evaporation 

technique allows for the deposition of hybrid perovskite films even 
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from their powders as the precursor, we found that a better control 

over the thickness and homogeneity of the final layer is obtained if 

the metal heater is coated with the material to be deposited. 

 

 

Fig. 1. Process flow for the deposition of hybrid organic-inorganic 

perovskite thin films via flash evaporation. (a) The precursor 

solution is spread onto a tantalum foil via meniscus coating and (b) 

annealed to obtain a polycrystalline CH3NH3PbI3 film. The coated 

tantalum sheet is then transferred to a vacuum chamber (c) where the 

hybrid perovskite is evaporated onto the desired substrate. 

 

The MAI was synthetized according to a previously published 

method32 and dried at 60 ºC in vacuum for 24 hours. A 50 wt.% 

perovskite precursor solution is prepared by dissolving PbI2 (Sigma 

Aldrich) and MAI in DMF, with a molar ratio PbI2:MAI of about 

1:3. The solution is subsequently deposited onto the metal heater (a 

tantalum foil of 70x15x0.05 mm) by meniscus coating (Fig. 1a).33 

The layer is created by placing 80 µl of precursor solution under the 

metal blade (1.2 mm high) and by spreading it over the tantalum foil 

at a speed of 80 mm/s. During deposition the foil is heated at 80 ºC 

and once the perovskite layer forms (i.e. the layer turns from yellow 

to dark brown, Fig. 1b), it is heated at 125 ºC for 5 minutes in order 

to remove the excess solvent. The tantalum foil is subsequently 

transferred into a high vacuum chamber and clamped in between two 

electrodes connected to a high current source (Fig. 1c). The 

substrates to be coated are placed on a sample holder mounted at a 

vertical distance of 10 cm from the evaporation source. After 

establishing a stationary vacuum of approximately 0.1 mbar, a large 

current (approximately 30 A) is passed through the tantalum foil, 

causing the complete and virtually instantaneous evaporation of the 

CH3NH3PbI3. The resulting film thickness is controlled by the 

amount of perovskite initially deposited on the metal heater. The 

grazing incident x-ray diffraction (GIXRD) pattern of an as-

deposited 200 nm thick film is reported in Fig. 2a. The spectrum 

suggests a high degree of crystallinity, with the peaks at 14.1º, 28.4º 

and 31.8º confirming the formation of the tetragonal structure of the 

MAPbI3 perovskite. The surface topography of the film was also 

investigated by atomic force microscopy (AFM, Fig. 2b). The film 

shows homogenous aggregation and is relatively flat, with a root 

mean square (RMS) roughness, calculated over an area of 25 µm2, of 

17.6 nm. These data demonstrate that a 3D hybrid organic-inorganic 

perovskite can be evaporated and reassembled onto a desired 

substrate with a high degree of crystallinity and homogeneous 

morphology. These characteristics are of particular interest for 

optoelectronic applications such as thin film photovoltaic devices. 

Single junction solar cell were prepared by integration of the 

perovskite films in a multilayer stack of organic semiconducting 

layers. Indium tin oxide (ITO) coated glass slides were used as 

bottom transparent electrode. 

 

Fig. 2. (a) GIXRD pattern and (b) AFM topography of a 

CH3NH3PbI3 thin film deposited by flash evaporation.  

An 80 nm thick of  poly(3,4-ethylenedioxythiophene) doped with 

poly(styrenesulfonate) (PEDOT:PSS, Heraeus Clevios™ P VP AI 

4083) was spin-coated onto the ITO and used as the hole injection 

layer (HIL). After annealing it at 150 ºC for 15 minutes, a 20 nm 

thick poly(N,N′-bis(4-butylphenyl)-N,N′-bis(phenyl)benzidine) 

(polyTPD) HTL was deposited on top from chlorobenzene (1 wt.%) 

and annealed at 180 ºC for 30 s. The polymer stack was 

subsequently transferred to the vacuum chamber and a 200 nm thick 

film of MAPbI3 perovskite was deposited by flash evaporation. The 

stack was completed by spin-coating an 80 nm thick (6,6)-phenyl 

C61-butyric acid methyl ester (PCBM) thin film and with the thermal 

vacuum deposition of a bilayer cathode composed of Ba and Ag (10 

and 100 nm, respectively). The device characterization was 

performed in a nitrogen glove box, using a mini-sun simulator 

designed by ECN calibrated on a Si reference cell. The device EQE 

as well as the perovskite film UV-visible absorption spectrum are 

reported in Fig. 3a. The optical absorption shows the typical profile 

of the MAPbI3 perovskite, with a broad absorption over the whole 

visible spectrum and onset at about 800 nm, corresponding to an 

optical band gap of 1.55 eV. The EQE rises at the same wavelength, 

reaching a maximum value of 73 % in the green (570 nm) and in the 

blue (420-450 nm) region of the spectrum. The current density-

voltage (J-V) characteristic of the solar cell is reported in Fig. 3b. 

The J-V curve is almost independent on the scan direction, in 

contrary to what often observed for solution-processed perovskite 

devices. The short-circuit current density (JSC), open-circuit voltage 

(VOC) and fill factor (FF) for a typical device, are 18.0 mA/cm2, 1.07 

V and 68 %, respectively, leading to a remarkable power conversion 

efficiency of 12.2 %. This result is of great importance for the future 

development of photovoltaic devices based on hybrid organic-

inorganic perovskite materials, especially in view of their integration 

with existing thin film photovoltaic technologies. The deposition 

process is scalable, additive and extremely fast (in the order of few 

seconds), which is desirable for the implementation of this materials 

in industrial applications. 

∆
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Fig. 3 (a) EQE (symbols) and optical absorption (line) in the UV-

visible region for a planar perovskite solar cell and its active layer, 

respectively, deposited by flash evaporation. (b) J-V curve in 

forward (FWD.) and reverse (REV.) bias for a device under 

illumination with the structure 

ITO/PEDOT:PSS/PolyTPD/MAPbI3/PCBM/Ba/Ag. The scan rate in 

both bias direction was 0.1 V/s. 

Conclusions 

In summary, 3D methylammonium lead iodide perovskite deposited 

by flash evaporation have been prepared. Homogeneous and highly 

crystalline hybrid perovskite thin films can be obtained with unique 

control over the material composition and film thickness. The as-

deposited films have been tested in planar solar cells employing 

organic charge transport layers, demonstrating power conversion 

efficiencies exceeding 12%. This method allows for a straight-

forward preparation of multi-layer structures of different organic-

inorganic materials, which are foreseen as the big challenge in 

hybrid perovskite devices. Moreover, the simplicity of the process is 

particularly suited for the preparation of tandem solar cells, where 

the perovskite device could be used as a top transparent device in 

silicon or CIGS photovoltaic modules. 
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