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Organic-inorganic halide perovskite materials have gained significant attention in recent years due 
to their easy material fabrication, outstanding optoelectronic properties, and remarkable defect 
tolerance. [1] While high-performance perovskite materials find applications not only in photovoltaics 
[2] but also in light-emitting diodes (LEDs), transistors, lasers, and various other optoelectronic 
devices [3], most of these devices have been traditionally fabricated using solution-processed spin-
coating methods, limited to small areas. Vacuum deposition methods, although providing better 
scalability, demand expensive high vacuum systems and suffer from slow deposition rates. In 
contrast, chemical vapor deposition (CVD) emerges as a more straightforward, cost-effective, and 
solvent-free technique that offers excellent conformality and scalability. [4-5] 

   In our study, we have designed a novel low vacuum CVD reaction system to fabricate large area 
perovskite thin films. The setup includes separate temperature controls for organic materials and 
three different sublimation heads for MAI/MABr, FAI/FABr, or MACl sublimations, with a hot plate 
beneath for precise control of the distance between the sublimation heads and substrates, as well 
as the CVD hotplate reaction temperatures. 

The CVD process involves the transformation from atomic Pb to a perovskite thin film- 

 

 

Figure 1. Mechanism illustration for the perovskite CVD process: the perovskite film can be 
obtained by the basic atomic Pb reacting with (1) oxidant, (2) halide source and (3) cation 
source, successively.  

 

We developed a CVD patent for the conversion of Pb to perovskite using CVD technology, as 
illustrated in Figure 1. [6] During experimentation, it was observed that some steps posed challenges 
due to the presence of residual materials like MA/FA, which negatively affected the film quality. As 
a result, we shifted our focus to employing PbI2 as the initial CVD reaction substrate. This 
transformation significantly improved the control over perovskite CVD, leading to the successful 
fabrication of high uniformity FA-based perovskite with excellent repeatability. 

 

By employing this approach, we successfully achieved highly uniform FA-Cs based perovskite 
films over a large area of more than 140 cm². The proof-of-concept device using CsFAPbI3-based 
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perovskite achieved an efficiency of over 12%. Additionally, we discovered that the bandgap of the 
perovskite can be tuned by incorporating PbBr2 into the PbI2 film, allowing us to achieve the 
desired bandgap of ~1.68 eV, which is suitable for perovskite-silicon tandem cells. Our low vacuum 
CVD technology represents a promising method for fabricating large area perovskite films with 
high-quality output. Furthermore, this technique holds the potential to benefit a wide range of other 
perovskite optoelectronic devices, paving the way for more efficient and scalable applications in 
the future. 

 

Figure 2. CVD perovskite films based on PbI2 as the reaction substrate. (a) The color 
changes of the PbI2 films react with the organic halides e.g., FAI or MAI. We noticed MACl 
can speed up the reaction process. (b) The in situ- XRD results of the pure PbI2 film 
transforming into perovskite phase in the CVD reaction. (c) The UV-vis results showing the 
bandgap changes in the perovskite film by mixing the PbBr2 into PbI2 film. (d) and (e) The 
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AFM and KPFM results indicate the low perovskite surface roughness and high surface 
potential uniformity. 

 

 

 

 

Figure 3. An example of a large area (12*12 cm²) perovskite thin film made for single 
junction and Pb on fully textured SHJ for perovskite-Si tandem solar cells. 

 

In summary, this study demonstrates that high-quality perovskite thin films can be successfully 
obtained on large areas (>100 cm²) using CVD technology. The proof-of-concept device developed 
in this work achieved an efficiency of over 12%. The findings suggest that CVD technology holds 
great promise not only for producing high-performance single-junction perovskite solar cells but also 
for enabling bandgap tuning and compatibility with textured Si surfaces in tandem solar cell 
configurations.  
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