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Company Presentation

Key facts Founded in 1992 > 4 Mio.

100 employees Optical components 
produced

Made in Germany Certified

At more than 
9.000m²

ISO 9001 & ISO 14001, 

IATF 16949 
(Born Coating)



Technology & 
Capabilities 28 Coating 

machines
Large scaled 
machines (Ø 1.9 m)

Self built inline 
coating machine

Magnetron-sputtering 
machine
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Technology & Capabilities

• Ultrasonic-cleaning
• Cutting-technologies (laser-

cutting & scribe and break)
• Lamination of optical foils
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Quality assurance

Spectral and 
geometrical 

measurements

100 %-visual final 
inspection
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Automotive

HR-mirrors for 
Head-up-Displays

Series production

Capabilities for large 
automotive series

Company Presentation

Lenses for headlights

LiDAR-sensoring



Company Presentation

• Ophtalmologie

• X-ray dosimetry

• Fluorescence 
diagnostics

Medtech

Dental-applications

• Oral mirrors

• Photo mirrors



Automation

Sensortechnology

Components for

• Sorting & recycling 
machines

• Bottling and 
packaging

Company Presentation

• Automation 
technology

• Inline-scanner



Material development: Nanolaminates

• Sputtering process: SiO2 and Si

• Procedure of deposition

− Step 1 – t1: Magnetron sputtering of 
a-Si 

− Step 2 – t2: Partially oxidization by 
oxygen plasma source

− deposition time changed:
BTE 5.8 s, 7.7 s, 11.5 s, 15.4 s
IST 7.7 s, 9.6 s, 11.5 s

− oxidation time changed:
BTE 16.8 s, 20.6 s, 28.4s, 43.7 s, 74.5 s, 135.8 s
IST 29 s, 136.9 s

− number of repetitions changed:
BTE 128
IST 16, 32 , 64, 128

− Turntable speed 125 rpm

− Deposition rate 0.035 to 0.17 nm/s



Enhanced optical sputtering system – FHR Star EOSS®

Technical information
• 2 Materials from dual cylindrical targets

• Mid-frequency sputtering

• CARS or Meta-Mode with RF oxygen plasma

• IST
− 10 carriers for diameter 200 mm

− Center substrate radius 600 mm

• BTE
− 12 Carriers 280x330 mm²

− Center substrate radius 1050 mm

• Magazine

• Fully automated process with MOCCA+ ®

− Transmittance Monitoring from 400 nm to 1600 nm for 
layer thickness control

➢ Transfer of Fraunhofer system to industrial 
environment
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• Former work at Fraunhofer IST

• Reference
Karl Kreuzer, Philipp Henning, Michael 

Vergöhl, Stefan Bruns, Thomas Melzig, 

Christian Patzig, and René Feder, 

"A-Si/SiO2 nanolaminates for tuning the 

complex refractive index and band gap 

in optical interference coatings",

Appl. Opt. 63, 1641-1647 (2024),

https://doi.org/10.1364/AO.515083

TEM image of a QNL



Transmittance and Reflectance

• Two samples from BTE and IST show similar 
behavior
− Bte: 128 repetitions of 

Si duration 7.7 s and oxidation duration 28.4 s

− IST: 128 repetitions but 
Si Duration 9.6 s and oxidation duration 29 s 

− Different circulating track and deposition rates

• AOI 8°, 30°, 45°

• s and p

Optical characterization:

• Cary 5000 UMA
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Oxidation durations
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• Si sputter duration varies by 
about 3 ms

• Oxidation duration varies by 
about 

− 1.1 s at Bte series

− 0.4 s at IST series

➢ Assumption: layer 
thicknesses vary little 
across repetitions



Classic approach fails at Si sputtered for 7.7 s and 
oxidized for 135.8 s

Classical multilayer stack approach

Classic approach valid at Si sputtered for 11.5 s and 
oxidized for 16.8 s



Single layer of a mixture material approach

Single layer mixture material approach fails at Si sputtered for 7.7 s and oxidized for 135.8 s



Single layer of a new material approach

Single layer of new material approach valid at Si sputtered for 7.7 s and oxidized for 135.8 s



Fit demo



Interpretation as quantum well

Ref. Steinecke et al., "Quantizing nanolaminates as 
versatile materials for optical interference coatings," 
Appl. Opt. 59, A236-A241 (2020)

SiO2 Si SiO2 Si
• Electron band gap changes from well to barrier 

and back to well

• Quantized nanolaminate (QNL) has a different 
dielectric function 𝜖 𝜆 than of Si and of SiO2

• Refractive index n and extinction k are derived 
from dielectric function 𝜖 𝜆



• 24 samples with change of …
− sputter duration
− oxidation duration

• Fixed number of quantum wells: 128 

• Fit of transmittance and reflectance spectra in 
OTF Studio
− CH module
− Non-parametric dispersion model
− Thickness, n and k varied

• Longer oxidation time results in
− increased total and quantum well thickness 
− lower refractive index (larger proportion of SiO2) 
− shift of absorption to lower wavelengths

(mostly for short Si times)

Results dispersion and thickness - Series at Bte



• 12 samples with change of
− sputter duration
− oxidation duration
− number of quantum wells

• Fit of transmittance and reflectance spectra in 
OTF Studio
− CH module
− Non-parametric dispersion model
− Thickness, n and k varied

• Total thickness increases with number of 
quantum wells
− but thickness of quantum well stays constant
− but refractive index and absorption stay constant

Results dispersion and thickness - Series at IST



Dispersion of SiO2 glass
as example

• Forouhi-Bloomer model
− valid from 50 nm to 40 μm
− 9 oscillator terms

• Sellmeier model
− valid from 185 nm to 1129 nm

(wavelength range of fit)
− 3 oscillator terms

• Cauchy model
− no oscillator terms
− mere 1/n2 + 1/n4 characteristic

About dispersion functions of dielectric materials

Ref. nFB, kFB: Forouhi et al., J. Phys. Commun. 3 035022, 2019, doi: 10.1088/2399-6528/ab0603

Ref. nSell: Corning HPFS 7980 Sellmeier equation constants

Ref. nCauchy: fit on Corning HPFS 7980 dispersion Sellmeier equation



• Turntable machines are widely used in precision optical coatings.

• The present work shows the ability of those arrangements for 
quantizing nanolaminates.

• Samples were deposited
− from fully oxidized silicon (close to SiO₂)
− up to layer stacks with a behavior like a multilayer stack of Si and SiO₂.

• The chosen non-parametric dispersion model is a 
phenomenological approach.

• OTF Studio
− Using arbitrary function n(λ) and k(λ) it would be useful to define wavelength 

ranges where the function is zero.
− Implementation of the Forouhi-Bloomer model from 2019

Conclusion
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