Scaling up Perovskite PV with Linear
Thermal Evaporation for High-Volume
Manufacturing

Design and specification of VON ARDENNE
linear evaporation sources integrated into
proprietary coating systems

We have often been asked whether linear vacuum
thermal evaporation technology (VTE) is suitable
for high-volume manufacturing in perovskite photo-
voltaics deposition technology. Our linear evapor-
ation sources provide an answer to this question.

VON ARDENNE =



In this article, we will focus on the advanced design
of VON ARDENNE linear evaporators and describe
their unigue features. A schematic design of a linear
evaporator is shown below to explain the main
consisting parts.
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The target materialis filled as a powder in a crucible.
The large crucible volume of the linear evaporators
ensures long production cycles regarding the mater-
lal consumption. Furthermore, the linear evaporator
design guarantees a large evaporation surface as a
large area is exposed to the heating system.

View into linear evaporation unit with substrate moving from left to right

Since the crucible is heated homogeneously, the
material will start to evaporate when the material-
specific melting temperature is exceeded. Or, for sub-
liming materials, the vapor is emitted from the solid
phase. The amount of material vapor that is released
increases with the evaporation surface area and with
increasing temperature following the “Clausius-
Clapeyron Equation”.
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The crucible is gas-tightly connected to the likewise
homogeneously heated distribution system. By a
suitable choice of tube diameter and nozzle system
limiting the outflow, the material vapor can be distri-
buted homogeneously over long distances with neg-
ligible pressure changes.

As a cold substrate is transported continuously
under the material flow of the nozzle system, the ar-
riving particles condensate on the substrates, which
are either wafers or glass. The particles form a uni-
form coating on an area defined by the width of the
nozzle system and, theoretically, an undefined
length.

The precise and reproducible control of the resulting
film thickness is realized by a Quartz Crystal Monitor
(QCM) within the linear evaporation system. The
QCM sensitively measures the deposition rate of the
coated material. It serves as reference signal for re-
producible and stable control by either power or
temperature adaption.
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In our linear evaporators, all surfaces that getin con-
tact with layer forming material and its vapor are
manufactured from inert and corrosion resistant
materials. This is to ensure the purity of the depo-
sition and the durability of the evaporation equip-
ment.

The temperature ranges of the linear evaporators are
adapted to the specific material properties and the
precise controllability of the evaporation system.
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Thus, we distinguish between low, medium and high-

temperature-range linear evaporator sources.
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Feasible temperature range for a standard VON ARDENNE linear evaporator

All systems ensure a fast and reliable PID-controlled
heating up and cooling down with low overshooting to
protect temperature sensitive materials from thermal

stress.
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Controlled temperature behavior with minimal overshoot
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Moreover, industrial campaign times can be
achieved by

4 Special design of rate monitor for long time
measurement

4 Large and adaptable crucible volumes enable
sufficient material storage (temperature sensitive
materials)

4 Optimized mechanical design for other
maintenance related operations such as
replacement of shieldings

n universities and research Institutions, coating technology for perovskite

Tandem can be implemented using equipment like the HISS300.
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Would you like to
know more?
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| will be pleased to _
answer your
guestions.

Contact me on Linkedln or go to:

www.vonardenne.com/industries-
applications/perovskite-tandem-solar-cells/
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