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Vacuum coated thin film nanomaterials in our daily life

holographic images
on banknotes

B ol B oy, architectural glass
s source: wikipedia

X

e T ——

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

flexible

cell phone displays
circuit boards P Pay

source: apple.com

packaging
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What surface properties are we interested in?

homogenity, uniformity
low defect rate,
stability, low stress etc.

gas permeability - . : maximized
and selective —_— bio-functionality : surface area for

properties sensors

antimicrobial
surfaces

scratch and

chemical and o e abrasion
corrosion electrical resistance lectrochemical
resistance _conductivity electrochemica

energy storage
properties

(bio)polymer webs fabric and fibres .
ultra-thin glass polymer membranes thin metal foils

\

|+
_ ~Z Fraunhofer

© Fraunhofer FEP FEP



Vacuum Roll-to-Roll Coating and Surface Modification

oo Vacuum vessel
Winding system

B semi-continuous process with substrate

@ coating widthup to 4.5 m

“ substrate lengths up to 100 km

" process speed up to 20 m/s

Winding chamber

Process chamber

Vacuum
pumps
Process
units
=

- ~ Fraunhofer

© Fraunhofer FEP FEP



Industry suited plasma processes for thin film nanomaterial deposition

High-rate evaporation

substrate

ions, excited particles

Wer

. plasma activation
hollow

neutrals,

cathode non-excited particles

highest productivity,
low cost
= 6000 nm-m/min

Magnetron Sputtering

/n LA |

= 100 nm-m/min
wide material
selection

High-rate PECVD

vacuum vessel
boost
Ar+0, substrate aﬁgzeer
— |
hollow '
cathode )
HMDSO inlet
power supply for |
hollow cathode

=100 ... 1000 nm-m/min
in-situ layer composition adjustment
from SiO, to [Si(CH3),-0],,“ with HMDSO
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Lab-2-Fab Facilities for Vacuum Roll-to-Roll Coating

lab-scale equipment (TRL 3 - 5) pilot-scale equipment (TRL5 - 7)
‘ Both-sided deposition  pre treatment  Up-
‘ ‘ P' 'Cy [/rewinder
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cathode
dual magnetron plasma source
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Boat evaporator Electron beam evaporator
LB9 labFlex® 200 coFlex® 600 novoFlex® 600
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Application Example #1: Gas Permeation Barriers

water vapor L I
oxygen

low defect single layer:

%

Polymer web

Permeation barrier

transparent electrode

sensitive food
and drink
Wy

flexible
solar cell

flexible
display

multi-layer stacks

Sony 20095

ORMOCER®

e P

PET Substrat
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Gas Barrier Performance by Materials and Thickness

water vapor transmission rate
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Application Example #3:

© 'PET'surface’

Reactive plasma surface nano-structuring before plasma etching

seed layer
deposition

thin SiO,
(<10 nm)

* reactive oxygen plasma
treatment

» single run roll-to-roll
process

* 0.5... 2m/min run speed

top-coat deposition

thin SiO, layer
(<10 nm)

T YN EFAFYrynaum
after plasma etching ‘y

i

oxygen plasma
etching
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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

ETEE film surface = 95° nanostructured ETFE surface
with 10 nm TiO, top coat = 110°

nanostructured ETFE surface
10 nm SiO, top coat =» 30°

wings with anti-ice
edge-protection polymers
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Application Example #3: Flexible Organic Light Emitting Diodes

R2R surface inspection
R2R vacuum coater
R2R printing and
lamination unit (N

Substrate Substrate Vacuum

Inspection inspection coating Encapsulation

: transparent conductor
B 300 mm web width organic layers

metal cathode -
substrate

B additive surface structuring (flexo-printing) +
and substractive laser surface structuing

B thermal evaporation of - |
organic semiconductors

B OLED layer thickness < 200 nm

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

Recyclable degradable and

recyclable packaging

degradable
electronics

nano-
functionalisation

Products

flexible
surfaces

Degradable

Y

images provided by: I3Membrane, P&G, Capri-Sun, Hueck Folien % Fraunhofer
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degradable
security labels

bio filter membranes

\



An Example: Towards Sustainable Packaging

13 pym PET

4 ym printing

15 um polymer A

7um PE

Y

3 um EVA 4 um printed layer (biodegradable)
5um EVOH —>{

20 nm vacuum coated gas barrier
3um EVA

J \\

15 um polymer A

15 um PE
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Fraunhofer FEP — core comptencies

PLASMA-ACTIVATED LARGE AREA AND
PRECISION COATING

ELECTRON BEAM TECHNOLOGIES

ORGANIC ELECTRONICS ROLL-TO-ROLL TECHNOLOGY

TECHNOLOGICAL IC DESIGN

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

TiO )
SiO, SiO, sputtered SiO, made with PECVD
: 9 layers
— >
TiO, (n = 30...100 nm
SiO, (n=1.47) | each
TiO
PET
100 I — sputtered SiO,
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Gas Permability

HAD-AIO, 1

productivity >

Single layer sputtering

0.0005

wide material selection

High-rate PECVD barrier layers 0.05 mechanical performance high-
performance
: _ functional
Multllayer. . 0.0001 o
sputtering + wet coating * substrate
independence
Multil : .
ultilayer 0.001 robustness

one-pass-process

I R&D

pilot

industrial

WVTR [g/m?d] @ 38°C / 90% r.h.
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Materials

Period

Group
1
IA - process or reactive gas
2 13 14 15 16 17
1A . . 1A IVA VA VIA VIIA
7] coating material
Be
Beryllium
1 s
Dlmam 3 4 5 6 7 8 9 10 11 12 >
1B IVB VB VIB VIIB VIl IB 1B
19 20 21 25 27 32
Ca | Sc Mn Co NI Ge
Potassium Calcium Scandium Manganese Cobalt Germanium
37 38 39 43 44 45 54
Ro| Sr|Y Ru [ Rh I | Xe
Rubidium Strontium Yttrium Ruthenium Rhodium lodine Xenon
55 56 76 T 78 80 . 85 86
Cs | Ba Os | Ir | Pt Tl | Pb | Bi | Po| At | Rn
Cesium Barium Tantalum Tungsten Rhenium Osmium Iridium Platinum Mercury Thallium Lead Bismuth Polonium Astatine Radon
87 88 104 105 106 107 108 109 110 111 112 114 116
Fr | Ra Db Bh | Hs | Mt [Uun [Uuu |[Uub Uuq Uuh
Francium Radium Rutherfordium| Dubnium | Seaborgium |  Bohrium Hassium | Meitnerium | Ununnilium | Unununium | Ununbium Ununquadi Ununhexium
£ 60 61 62 63 64 65 66 67 68 69 70 71
£ Nd |Pm|[Sm | Eu |Gd | Tb | Dy [Ho | Er [Tm | Yb | Lu
] iumy Neodymium | Promethium | Samarium Europium | Gadolinium Terbium Dysprosium | Holmium Erbium Thulium Ytterbium Lutetium
2|89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
2 Ac | Th | Pa Np | Pu|[Am |Cm Bk | Cf [ Es |Fm | Md [ No | Lr
<| Actinium Thorium | Protactinium |  Uranium Neptunium | Plutonium | Americium Curium Berkelium | Californium | Einsteinium | Fermium |Mendelevium| Nobelium | Lawrencium
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