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* Metal-halide perovskites (MHPS) have the potential to enable low cost,
high efficiency, flexible, thin film optoelectronic/photovoltaic devices

e 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.
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Numerical Modeling of Deposition Ré
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 Material accumulation if V;; = 0 sccm

» Deposition rate decreasing with increasing V,;;

 Forming opposite direction flux behind the substrate holder with high V,;;
k?educes the material usage efficiency

Vapor Transport Deposition
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Independently controllable parameters:

» Scalable version of vapor * carrier gas flow rate (Vz4)

processing (P = 103 - 760
Torr)

* Hot-walled system
 Precise control of fluxes

» dilution gas flow rate(Vy;;)
e source temp (Ts,yrce)

« deposition pressure (P)

« substrate temperature (T;)
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 Significant run-to-run variations in
film thickness and composition

e Use COMSOL Multiphysics® to

model the precursor deposition
rate numerically

T T« Guide broad range of parameters

In the system

Pbl, deposition rate (A/s)

P=2.6torr

Dilution gas flow rate (sccm)

Vi = 25 scem
TPbIZ = 355°C ,ch’pblz = 25 scem
200 150 100 30 0
T e o TF'IIJI2 =335°C
equ.lllbrlum Togp = 345°C 3
| regime A T,,=355C

A A
A A

I - I ' | 1.5 Constant Carrier Gas Flow: 5 sccm 6.5

Experimental Data 6.0 -
O COMSOL Model | '

5.5
A

—h

Kinetic regime >0

4.5 -

4.0 1

Deposition Rate [A/s]
Pbl, deposition rate (A/s)

3.5-

o
s
b
O

3.0-

2.5-

| ! | ! I ! I
50 100 150 200
Carrier gas flow rate (sccm)

3.‘.-‘.5 3-*-;55 355
Source Temperature [°C]
Pressure (Torr)

The numerical solution has the same trend as the analytical model

Relied on dilution gas flow to control the chamber pressure — less dependent on ch

Plateau of deposition rate in the kinetic regime — limited by deposition pressure P
Can tune the deposition pressure to further increasing deposition rate

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 Pbl, 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.

This work was supported by the U.S. Department of Energy’s Office of Energy Efficiency and Renewable Energy (EERE) under the Solar Energy Technologies Office Award
Number DE-EE0009514, the University of Minnesota Institute on the Environment Renewable Energy Commercialization Fellowship



	Modeling Vapor Transport Deposition of Metal-halide Perovskite Thin Films for Photovoltaic and Optoelectronic Devices

