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 Employees: 
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 Industry returns: 
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(March 2019)
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Vacuum coated thin film nanomaterials in our daily life
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flexible
circuit boards

optical filters (e.g. solar 
control films) for car windows  

holographic images 
on banknotes

food 
packaging

architectural glass
source: wikipedia

cell phone displays
source: apple.com
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What surface properties are we interested in?
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electrical
conductivity

gas permeability
and selective

properties

optical
properties

chemical and
corrosion
resistance

 (bio)polymer webs  fabric and fibres

antimicrobial
surfaces

bio-functionality

electrochemical
energy storage

 polymer membranes

scratch and
abrasion

resistance

maximized
surface area for

sensors

homogenity, uniformity
low defect rate,

stability, low stress  etc.

 ultra-thin glass  thin metal foils
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Vacuum Roll-to-Roll Coating and Surface Modification
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 semi-continuous process
 coating width up to 4.5 m

 substrate lengths up to 100 km

 process speed up to 20 m/s

Cooling
drum

Winding system
with substrate

Vacuum
pumps

Vacuum vessel

Winding chamber

Process chamber

Process
units
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Industry suited plasma processes for thin film nanomaterial deposition
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neutrals, 
non-excited particles

plasma activation

substrate

ions, excited particles

hollow
cathode

High-rate evaporation Magnetron Sputtering High-rate PECVD

highest productivity, 
low cost

≈ 6000 nm∙m/min

≈ 100 nm∙m/min
wide material 

selection

≈ 100 … 1000 nm∙m/min
in-situ layer composition adjustment

from SiO2 to [Si(CH3)2-O]n“ with HMDSO
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Lab-2-Fab Facilities for Vacuum Roll-to-Roll Coating
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pilot‐scale equipment (TRL 5 – 7)lab‐scale equipment (TRL 3 – 5)

LB9 labFlex® 200 coFlex® 600

process drum

novoFlex® 600

dual magnetron
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Application Example #1: Gas Permeation Barriers

Seite 8

water vapor oxygen

flexible 
solar cell

Polymer web

Permeation barrier
transparent electrode

flexible 
display

Sony 2009

sensitive food 
and drink

low defect single layers

multi-layer stacks

Al2O3 – 50 nm

500 nm
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Gas Barrier Performance by Materials and Thickness
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ZTO

300 nm

300 nm300 nm

SiO2

TiO2

300 nm

300 nm
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Application Example #3: 
Reactive plasma surface nano-structuring
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Ätzschritt

process drum

Vorbehandlung

thin SiO2
(< 10 nm)

seed layer
deposition

oxygen plasma
etching

Schutzschicht

thin SiO2 layer
(< 10 nm)

top-coat deposition

PET surface
before plasma etching

after plasma etching

• reactive oxygen plasma
treatment

• single run roll-to-roll 
process

• 0.5 … 2 m/min run speed
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Properties of nanostructured surfaces (Optical Anti-Reflection)
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 broadband anti-reflective effect 
through “simulated” refractive 
index gradient

 maximum in transmittance:
 untreated PET 89 %
 single side treatment 93.7 %
 double side treatment 98.5 %
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Surface Energy | Wetting Behavior of Water
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nanostructured ETFE surface
10 nm SiO2 top coat  30°

nanostructured ETFE surface
with 10 nm TiO2 top coat 110°

wings with anti-ice
edge-protection polymers

ETFE film surface 95°
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Application Example #3: Flexible Organic Light Emitting Diodes
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Substrate 
Inspection
Substrate 
Inspection StructuringStructuring Substrate 

inspection
Substrate 
inspection

Vacuum 
coating
Vacuum 
coating EncapsulationEncapsulation OLED 

characterisation
OLED 

characterisation

 300 mm web width
 additive surface structuring (flexo-printing) 

and substractive laser surface structuing
 thermal evaporation of 

organic semiconductors
 OLED layer thickness ≤ 200 nm

transparent conductor
organic layers
metal cathode
substrate

lightlight 
emission
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Large Area Roll-to-Roll OLED
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Novel
flexible 

surfaces

nano-
functionalisation

Recyclable

Degradable

Products

bio filter membranes

degradable
security labels

degradable and
recyclable packaging

degradable
electronics

BOPP

HDPE

PLA

PET

PBAT

Paper PHBH

Latest Research Topics: Thin-Film Nano-materials in Circular Economy of Plastics

images provided by: I3Membrane, P&G, Capri-Sun, Hueck Folien
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An Example: Towards Sustainable Packaging
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13 µm PET

4 µm printing

7 µm PE

3 µm EVA
5 µm EVOH
3 µm EVA

15 µm PE

9 µm PP

15 µm polymer A

4 µm printed layer (biodegradable)
3 µm lamination adhesive
20 nm vacuum coated gas barrier

15 µm polymer A
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Fraunhofer FEP – core comptencies

ELECTRON BEAM TECHNOLOGIES

ORGANIC ELECTRONICS

PLASMA-ACTIVATED LARGE AREA AND 
PRECISION COATING

ROLL-TO-ROLL TECHNOLOGY

TECHNOLOGICAL
KEY COMPONENTS

IC DESIGN



© Fraunhofer FEP 

Application Example #2: Adjust optical properties with thin film nano-laminates 

SiO2 sputtered SiO2 made with PECVD

TiO2TiO2

SiO2 (n = 1.47)SiO2 (n = 1.47)

PET substrate

TiO2 (n = 2.45)TiO2 (n = 2.45)

SiO2SiO2

TiO2TiO2

. . .

TiO2

SiO2 (n = 1.47)

PET substrate

TiO2 (n = 2.45)

SiO2

TiO2

. . . 9 layers
30 … 100 nm
each

sputtered SiO2

PECVD SiO2
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Gas Permability
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HAD-AlOx

Single layer sputtering

Multilayer: 
sputtering + wet coating

Multilayer: 
one-pass-process

1

0.0005

0.0001

0.001

R&D pilot industrial

productivity

high-
performance

functional
films

High-rate PECVD barrier layers 0.05 mechanical performance

• substrate 
independence

• robustness

wide material selection

WVTR [g/m²d] @ 38°C / 90% r.h.
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Materials
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Materials
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