Do it yourself — automated thin film design using genetic algorithms

W.Theiss, W.Theiss Hard- and Software, Aachen, Germany

Motivation

A first simple design problem
Genetics: Solution by evolution
Simple 'real time' demonstrations

"tog,, Advanced examples: Discussion of results
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Motivation: Inline coater

Deposition chambers may be equipped with various types of cathodes.
What 1s the best choice for a given problem?

Available: Tio2 ITO Ag

Thickness range [nm:  10..30 5..25 5..25 20..60 5..15 5..15 30..80

0:00:17-525




First example: Car glass that can be heated for de-icing

Design target

Integral quantity Current value Target value
Sheet resistance (SR) 2.9103 2.2000
Visible light transmittance (VLT) 0.726 1.000

.7 Stack 1 Layer 3 Cu: Layer thickness

Stack 1 Layer 4 ITO: Layer thickness




Genetics

128 bit represent a single layer (material selection and thickness)

100011011101101 ... 101101101101100011010110101 00101111010101010110110110 ... 011011011101110110
64 bit represent a floating point number g 64 bit represent a floating point number f
which is converted into a material index which is converted into a thickness value
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Si02 TiO2 ITO Ag

N=*128 bit represent a layer stack individual with N layers
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Genetics

Start
Generate a large population (hundreds) of individuals with random genes

Ranking
Compute fitness for each individual, sort the population

e

Next generation
with same number of individuals

End of evolution

Take the best individual as result
Eventually do refinement



First example: Car glass that can be heated for de-icing
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Heatable car glass

Low sheet resistance = high IR reflectance

High transmission in the visible

[ Load configuration

Visible light transmittance ~ 0.5989 Sheet resistance 2.6048
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Heatable car glass

Low sheet resistance = high IR reflectance

High transmission in the visible

[ Load configuration

Visible light transmittance ~ 0.7830 Sheet resistance 2.5570
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Low sheet resistance = high IR reflectance

High transmission in the visible

Visible light transmittance ~ 0.9094 Sheet resistance 2.2107
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Hot day, full sunshine, high air condition bill - cooling coating?
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Data

Passive cooling requirements

Avoid absorption of sunlight

Sunlight intensity

Absorption —1-R-T
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Capdiaate: Coating on large glass
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Emit infrared radiation into the universe
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