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Vapor Transport Deposition 

• A COMSOL model was developed to describe the vapor transport deposition 
system, providing insight into system hydrodynamics and mass transport 
effects.

• Once the effects of the dilution gas flow were incorporated, the model 
provided a reasonable description of the PbI2 deposition rate vs. source 
temperature and carrier gas flow rate.

• Given the strong dependence of deposition rate on reactor pressure, 
recommend investigating instrumentation to allow that to be more closely 
controlled as other parameters are varied.

Numerical Modeling of Deposition Rate 

• Scalable version of vapor 
processing (𝑃𝑃 = 10-3 - 760 
Torr)

• Hot-walled system
• Precise control of fluxes

• The numerical solution has the same trend as the analytical model
• Relied on dilution gas flow to control the chamber pressure → less dependent on 𝑉̇𝑉𝑐𝑐𝑐𝑐
• Plateau of deposition rate in the kinetic regime → limited by deposition pressure 𝑃𝑃
• Can tune the deposition pressure to further increasing deposition rate 
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• Metal-halide perovskites (MHPs) have the potential to enable low cost,
high efficiency, flexible, thin film optoelectronic/photovoltaic devices

• Continued development of vapor deposition techniques will allow
highly tunable stoichiometry and morphology for optimized thin film
performance and multi-layered perovskite structures for novel
device architectures.

Independently controllable parameters:
• carrier gas flow rate (𝑉̇𝑉𝑐𝑐𝑐𝑐)
• dilution gas flow rate(𝑉̇𝑉𝑑𝑑𝑑𝑑𝑑𝑑)
• source temp (𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)
• deposition pressure (𝑃𝑃)
• substrate temperature (𝑇𝑇𝑠𝑠) 

• Significant run-to-run variations in 
film thickness and composition

• Use COMSOL Multiphysics® to 
model the precursor deposition 
rate numerically

• Guide broad range of parameters 
in the system

Dilution gas flow rate 𝑽̇𝑽𝒅𝒅𝒅𝒅𝒅𝒅

• Material accumulation if 𝑉̇𝑉𝑑𝑑𝑑𝑑𝑑𝑑 = 0 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
• Deposition rate decreasing with increasing 𝑉̇𝑉𝑑𝑑𝑑𝑑𝑑𝑑
• Forming opposite direction flux behind the substrate holder with high 𝑉̇𝑉𝑑𝑑𝑑𝑑𝑑𝑑
• Reduces the material usage efficiency 
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