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Transparency is a Beautiful Thing   - Greta oto 
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Broadband and wide-angle AR coatings 
containing organic nanostructured layers  
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 Enhanced spectral ranges UV- VIS -NIR 
 Broad range of light incidence angles 
 Camera systems containing curved lenses  

 

Requirements for broadband antireflection  

Multispectral- camera 
Picture: © Astrium  

Motivation 
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Principles to achieve AR properties  

  interference coatings 
     destructive interference  
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    effective medium 
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Design considerations 

substrate ns 

neff1 

neff2 

neff3 

ns  > neff3  > neff2 > neff1 
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 Ziel: Farbneutrale Interferenzschichten zur Entspiegelung unter 
Berücksichtigung organischer Nanostrukturen 

 Ergebnis: Verschiedene Systeme mit ausgezeichneter Entspiegelungswirkung 
 
 
 
 
 
 

 Beispiel: 
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Sentinel 5 
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Metall-dielektrische Schichten für Scanspiegel für 
Ultrakurzpulslaser 

 Metallspiegel:  
technisch und wirtschaftlich attraktive 
Lösung für Scanspiegel 

 Hohe Oberflächenqualität  
NiP-Schicht, Diamantbearbeitung 
und Politur:  
Hochfrequenzrauheit < 0,2 nm rms 

 Metall-dielektrische Schicht: 
qualifiziert für Anwendung in 
Laserscannern 

 Laserzerstörschwelle (LIDT):  
> 0.8 J/cm2 @ 1030 nm, 425 fs, AOI 45° 
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Protective layer: 

 environmental stability 

 optical performance 

 dielectric material  
(metal oxides, metal nitrides) 

Composition of protected silver coating 

High-reflective silver layer 

Adhesion layer / diffusion barrier 

(Polishing layer, e.g. NiP) 

Substrate (for example metals) 
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DUV and VUV – 120 nm -> 400 nm 
Aluminum reflectors 
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Theoretical reflectivity of bare aluminum 

MgF2 + LiF  
capping layer AlF3 + MgF2 + LiF  

capping layer 

Increased reflectivity due to addition of AlF3 to 
capping layer system 
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Kompetenz VUV-Reflektorbeschichtung: 
Multipass-Reflexionszelle für DIVE 

VUV-Lichtquelle

R

Detektionsvolumen

IMSIMS

MgF2-Fenster
(Korth Kristalle GmbH)

VUV-Reflektorschicht
(Fraunhofer IOF)

T

Prinzip                                           praktische Umsetzung 



Beschichtung hochreflektierender Spiegel für EUV/BEUV Lithographie 

Beschichtungsanlage Nessy-3: 

 
 in Betrieb seit Ende 2013 

 Substrate bis ∅ 200 mm 

 Metallschichten & dielektri-
sche Schichten  
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Beschichtung hochreflektierender Spiegel für EUV/BEUV Lithographie 

Beschichtungsanlage Nessy-3: 

 
 in Betrieb seit Ende 2013 

 Substrate bis ∅ 200 mm 
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 Grenzflächen in La/B4C Multilayern sehr breit (σ ≈ 0,6 - 0,8 nm) 
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Anwendung ultradünner Diffusionsbarrieren 
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Atomic Layer deposition (ALD) 

 Optical Coatings 

1 µm 

ALD Semiconductor-Industry 
Intel, 2007 
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TiO2 

fused silica 

Ta2O5 

SiO2 

Tuesday, June 24, 11:40 – 12:00  S3-03 
  
Plasma-ALD of SiO2 layers for optical applications 
 
A. Bingel¹ ²,L. Ghazaryan¹, S. Ratzsch¹, A. Szeghalmi¹, P. Munzert², U. Schulz², N. Kaiser², A. Tünnermann¹ ² 
¹    Institute of Applied Physics, Abbe Center of Photonics, Friedrich Schiller University [Germany] 
2    Fraunhofer Institute for Applied Optics and Precision Engineering [Germany]   



New Materials 
Today, the thin film technology is employed in 
a wide range of applications. Among the 
various deposition methods, physical vapor 
deposition (PVD) and chemical vapor 
deposition (CVD) processes are widely used in 
industry. However new processes and/or new 
materials have to be developed to improve the 
film properties and to enable synthesis of new 
materials.  
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   So what does all this add up to?  

Recent developments in the field of optical coatings from 
XUV to IR wavelength 



Leadership in optical thin film plasma-technology is not only 

a direct key for the development of competitive future 

concepts and products in optical technology, it also 

promises a high economical prosperity of the affected 

industrial companies because of the high net product 

achievable with optical thin films. 
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Fraunhofer IOF - Research for the future 

Thank you for your attention! 
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