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INKA – a meanwhile 15 year old „joint (ad)venture“ between FHNW & PSI

Mittels Oberflächenstrukturierung zu neuen Funktionalitäten 3

Close cross-

institutional

collaboration

Institute of Polymer

Engineering 

(IKT)

Institute of Polymer

Nanotechnology

(INKA)

Polymer 

Nano-

technology

LMN – Laboratory for Micro- und NanotechnologyFHNW - IKT & INKA

Technology

development

X-ray

Optics

SwissFEL

Nano-

Engineering

10 km

Functionalization of polymer materials by

• micro- and nanostructured surfaces

• surface modification & coatings

• nanoscale additives



CONFIDENTIAL

01.07.202101.07.2021

The value chain of micro- & nanostructured polymer devices
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Functional polymer surfaces by topographical structuring
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Microfluidics
features 50-100 μm

Antireflex surface
line width ~150 nm

Security features
line width ~180 nm

DOE systems
features ~0.25-2 μm

Holographic feature
submicron gratings

DLWG polarizer
period ~70nm

Backlight display
features ~1-10 μm

implant surfaces
nm to μm

pictures: INKA, Univ. Glasgow, CSEM

Droplet ejectors für PX
(µ-Stereolithographie)

Light directional elements
features 20-70 μm
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Industrial replication technologies – injection molding

• Variothermal temperature control → Key for high fidelity replication

• Dedicated molding tools → constant development

• Different part sizes up to 4 inch wafer

• Tool sensors (pressure, temperature) ; online viscosity control

• Peripheral equipment & subsequent processes → constant development

• bonding technologies, surface treatment

• Assembling strategies

• Some examples from past R&D projects

Moth-eye structures microfluidics nanopillars microcantilevers
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Industrial replication technologies - roll-to-roll thermal (nano)imprint lithography

• Designed & realized in-house (MSE P7-P9 Urs Bruggisser)

• System adaptions quite straigth-forward

• Highly automated setup with LabView interface

• Film tension and temperature control

• Flexiblity in master structure integration

• Masters: Nickel shims, laser-structured steel rollers, or even

high-performance polymer stamps (by hot embossing)

• Parts realized to date

backlight displays corner cube reflectors DOE lenses repelling surfaces
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UV-NIL R2R
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Manufacturing of functional optical films by nanoimprint lithography (NIL)

Roll-to-roll UV NIL

Mittels Oberflächenstrukturierung zu neuen Funktionalitäten 9

Roll-to-plate UV NIL

Ref Temicon GmbH
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Roll-to-roll extrusion coating – an interesting approach from Denmark
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Ref: Murthy et al., Adv Eng Mater, (2015)
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Towards low cost concentrated solar power
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Reference: Matschuk et al., Presentation at PRN2016

50 µm

Antireflective

Fresnel

Layer 1: Fresnel Lense

Layer 2: AR Structures

Master provided by Temicon GmbH

https://www.heliac.dk/utility-scale/
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Topographical structuring on different length scales
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Laser micromachining for manufacturing of mold inserts
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0.5 mm

5 mm
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Motivation for biomimetic surfaces – Structures with specific optimized properties in nature
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http://www2.optics.rochester.edu/workgroups/cml/opt307/spr16/sanjay/IndexNew.html

Lotus leaf

5 µm 

Mexican green rattlesnake

Sandfish

Rechenberg, I; El Khyari, A.; TU Berlin [1]

Great white shark

Trevor Sewell/Electron Microscope Unit, University of Cape Town http://www2.optics.rochester.edu/workgroups/cml/opt307/spr16/s

anjay/IndexNew.html
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Ultrashort pulse laser micromachining (alias laser ablation)

• Ultrashort pulse lengths (fs to ps)

• Aiming for cold ablation

• Different wavelengths

• UV, green, NIR

• Variety of materials can be ablated 

(depending on wavelength)

• Applicable on cylinder surfaces

• Manufacturing parameters:

• Laser spot diameter ≈ 12 μm

• Ca. 1 μm ablation depth per run

• Scanning speed 400 mm/s
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Macro photographs of honeycomb microstructure

fabricated by pulsed UV laser ablation. 

Image credit: Armin Stumpp, IPPE @ FHNW
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Structures generated by laser ablation – master structures in steel
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Macro-snake, 2*0.07 mm + 150*35 μm Honeycomb, 60*40 µm 

Droplets, 75*45*25 μm
Pyramids, 200*80 μm
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Structures generated by laser ablation – replication in TPU → modification of friction behavior

Mittels Oberflächenstrukturierung zu neuen Funktionalitäten 18

Macro-snake, 2*0.07 mm + 150*35 μm Honeycomb, 60*40 µm 

Droplets, 75*45*25 μmPyramids, 200*80 μm
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Antireflective polymer surfaces inspired by the moth’s eye topography
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3. Ni-shim in molding tool

4. Variothermal injection compression molding

5. Optical reflection measurements 

2. Lithography & Galvanoforming

1. Inspiration from nature
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TASTE – “Thermally activated selective topography equilibration”
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1 µm

microprisms bioinspired surfaceshierarchical surfaces

Ref: A. Schleunitz et al. Nano Convergence 2014, 1:7

Scale bars: 1μm

outreach into   applied R&D

http://cordis.europa.eu/fp7/home_en.html


CONFIDENTIAL

01.07.202101.07.2021Mittels Oberflächenstrukturierung zu neuen Funktionalitäten 21

temperature T [°C]

s
to

ra
g

e
m

o
d

u
lu

s
G
‘
[M

P
a

]

10-1

100

101

102

103

104

low  Mw high  Mw

Ts Tf

lightly 

crosslinked

hard elastic
viscoelastic

viscous liquid

viscoelastic plateau

transition

region

viscoelastic flow

region
viscous flow

region

(1) glassy region

demolding



imprint

Tg,MEBL

Mw,4 Mw,3 Mw,2 Mw,1 Mw,EBL

60 80 100 120 140 160 180 220200

reflow

Treflow

Tg,Mw4...Mw1

TimprintTdemold

Courtesy of Dr. Helmut Schift, INKA-PSI

Figure adapted from H. Schift, Nano Convergence 2014, 1:7
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TASTE – two variants of the same process

• «Standard» TASTE process

allows manufacturing of 

complex 3D microstructures

• Biomimetic inspiration for

new topography designs

• Selective surface smoothening

can be particularly interesting

for micro-optics applications…

• … and eventually even

for 3D printing
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Motivation: Advanced illumination systems

Typical target optical performances

• LED light diffusion

• Light re-direction

• Defined illumination patterns

24
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Combining two processes with each other → advanced mastering of micro-optics
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Selective surface smoothening (TASTE)

originally developed at PSI in the framework

of a joint Nanoargovia project (SurfFlow)

10µm 10µm

10µm 10µm

2-Photon Polymerization

+

www.nanoscribe.de
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Two-photon polymerization – case study designs

Two (commercial) FMLAs designs used to optimize TPP 

• Engineer diffuser (round shapes)

• De-glaring microstructures (flat facets and sharp edges)

26
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Two-photon polymerization – process optimization

Nanoscribe optimization with multiple test structures

• Settings variation (power and speed) → best printing quality identified

• Different test structures → proper alignment of structures to printing direction demonstrated

• Hatching and stitching investigation → best print and surface quality identified

27

Parameter settings optimization 

to avoid defects
Stitching lines on different samples
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Surface smoothening by UV exposure and subsequent reflow (TASTE)

• Test structures 2PP printed with layer heights of 1 µm and 2 µm

• Eliptical lenses (EL), square pyramids (SP), spherical lenses

• Surface smoothening procedure

• Exposure to deep UV irradiation (λ = 172 nm) & subsequent thermal reflow

28

Karpik et al, Microsystem technologies, submitted (2021)
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Process chain validation for application designs

ED 2 µm

ED 1 µm

DG 2 µm

DG 1 µm

29

Engineered

diffusor

De-glare

structure
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Validation of optical performance
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Engineered

diffusor

De-glare 

structure

2PP (2 µm layers) 

as printed

2PP (200nm layers)

as printed

2PP (2 µm layers) 

after smoothening

Aderneuer et al, Optics Express 29 (4), 5033-5042 (2021)
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Motivation: «Fixed targets» for serial protein crystallography
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Fixed target approach – sample preparation

Worksteps involved

A:  deposition of protein 

crystal solution

B:  removal of excess liquid 

with blotting paper

C:  freezing the chip 

in a cryo-jet
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Serial protein crystallography – how to deliver samples to the X-ray beam?

• «Gold standard» is based on Si or Si3N4 membranes (few 100 nm thick)

• Some alternative solutions have been proposed…

34

Current fixed target technologies are expensive and difficult to manufacture

Karpik et al, Micro and Nano Engineering 7 (2020), 100053
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Manufacturing scheme for suspended polymer membranes

Combining multilayer nanoimprint with additive manufacturing (here FDM)

35

Si stamp with pillar arrays

Silicon wafer spin-coated
with 300 nm PVP and 3µm COC

Karpik et al, Micro and Nano Engineering 7 (2020), 100053
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All-polymer based fixed targets for protein crystallography

• Successfully tested during 3 comissioning beamtimes at SwissFEL

• EP patent pending

• Visualization of serial crystallography experiment → whatch the yellow dots

36

Karpik et al, Micro and Nano Engineering 7 (2020), 100053
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Scaling up to wafer level production

• Parallel processing, process optimization

• Supplied in dedicated «boxes»

• First customers sampled

37

Frame: 5x5 mm2

Membrane: 2x2 mm2
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Crystallization supports commercialized in October 2020

38

Technology transfer from FHNW to PSI completed by February 2021
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Zusammenfassung

• Replikation mittels industrieller Prozesse erlaubt Massenfertigung funktionaler Oberflächen

• Spritzgiessen / Spritzprägen im Hauptfokus → grösstes Potential für Kunststoff

• Rollprägen erlaubt kontinuierliche Fertigung strukturierter Folien

• Lasermikrobearbeitung wird immer besser & zunehmend wichtiger für die Werkzeugherstellung

• Für viele funktionale Oberflächenstrukturen durchaus genügend, aber es gibt noch viel zu tun…

• Reinraumtechnologien ermöglichen präzise Topographien aber Integration ist anspruchsvoll

• Komplexe Mikrostrukturen mittels Elektronenstrahl-Lithographie (und weiteren Verfahren)

• Mastering von Mikrooptiken mit 2-Photonen-Polymerisation

• Kombination von Reinraum- und Kunststoff-Technologien birgt weiteres Potential

• Realisierung von unkonventionellen Bauteilen, Produkten und Prozessen

40

Gerne diskutieren wir mit Ihnen Möglichkeiten & Grenzen zur Funktionalisierung Ihrer Kunststoffoberflächen… 
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