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Innovant amb les empreses

Functional Polymeric surfaces - Nanotexturing
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Nanotextured surfaces = Functional Surfaces
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Nanotexturing- Summary of potential applications
Surfaces with Improved
mechanical properties

Special wettability surfaces Biological special substrates

• Attachment systems
through friction
properties

• Hydrophobic/philic
• Self-cleaning
• Nano
catalytic

coatings

• Stem-cell differentiation
• Enhanced tissue-regeneration

• Hard & tough
• Wear resistant
• Improved cutting

tools

• Anti-freezing
• Anti-snow

• Anti-biofouling

Optical surfaces

• Dry adhesion • Drag reduction & lift generation • Antireflective
(Solar cell
improvement)

• Separation
of liquids

• Structural
colours
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Nanotextured surfaces-Design

Identification of 
functionality-structure

relationship

Translation into a 
“manufacturable” surface

texture
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Nanotextured surfaces-Testing of Functionality
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Nanotextured surfaces-Fabrication

Master manufacturing Stamp manufacturing
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Nanotextured surfaces
(Inserts for overinjection molding)
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Nanotextured surfaces
(Translating to Surface of polymeric injected parts: REPLICATION)



9www.eurecat.orgwww.eurecat.org

Nanotextured surfaces
(Processing conditions - challenges)
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Innovant amb les empreses

IME : In Mold Electronics
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What do we want?

Integration

Automation
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And even more…

Source : http://www.tactotek.com
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IME

LDS

2k Injection

Hot Stamp

Hibridized

Multilayer

3D complex –
pass through

3D simple

Flat surfaces

Plastic – Electronics Integration Tecnologies
A

d
va

n
ta

ge
s

IMKS

IMMS

3DPrint
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Hot Stamping

Source : http://www.mid-tronic.de/hot-stamping.html
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IMKS

SOURCE: C. Brecher (ed). Advances in Production Technology DOI 
10,1007/978-3-319-12304-2_10
IKV-AACHEN

Detail of Metal InjectionMoulding Proces

Detail of Machine Example
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IMMS

SOURCE: C. Brecher (ed). Advances in Production Technology DOI 10,1007/978-3-319-12304-2_10
IKV-AACHEN

Metal Spraying system
Moulding Proces



8FIC – Functional Surfaces

2K Injection

SOURCE : http://www.mid-tronic.de/
https://www.nh-technology.de/

http://www.mid-tronic.de/
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LDS

FONT: http://www.mid-tronic.de/
http://www.lpkf.com/
http://www.s-2p.com/

3 Metalisation

4 Integration

1 Injetion

2 Laser structuring

http://www.mid-tronic.de/
http://www.lpkf.com/
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IME

Printed
Electronics

Hibridization Thermoforming Injection
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Printing

Screen printing

Inkjet

Gravure

Flexography

Off-set printing
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Hibridization
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Thermoforming
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Over Moulding

In Mold Labeling IML In Mold Labeling IML -> IME

Film Insert Molding FIM
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Demos

LOPEC DEMOS Light Demonstrators.
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Demos
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#UofGWorldChangers

@UofGlasgow

Injection moulding nanostructures: 
from surfaces to devices
Dr Johnny Stormonth-Darling & Prof Nikolaj Gadegaard

Biomedical Interfaces at Glasgow
Future Industry Congress, Barcelona

November 2018
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Group activities
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Setting the scale
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Setting the scale
Everyday examples of nanostructures
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Where it all began
Cells on nanotopography

h-TERT fibroblast cultured for 4 days on PCL

Nano

Flat

Dalby, Gadegaard et al. Nature Materials, 2007
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Replication of nanostructures by embossing

Long thermal cycle ~ 20 minutes



John.Stormonth-Darling@glasgow.ac.uk7

Injection moulding

Polymers we use

Polycarbonate (Makrolon)

Polystyrene (Total)

Poly Methyl Methacrylate (Plexiglass)

Cyclic Olefin Copolymer (Topas)

Polyether Ether Ketone

Thermoplastic polyurethane (Estane)

= Made by e-beam 

lithography
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Injection moulding

25 mm

hotcold

Decoupled thermal cycle << 20 seconds
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Injection moulding

Accurate replication of biological nanostructures

300
nm

Collagen

coating

electroplated

Nickel

shim

PC

replica
PS

replica

Gadegaard et al., Micromolec. Mater. Eng., 2003
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Injection moulding pillars

Thermally retardant tooling

Stormonth-Darling & Gadegaard,

Macromolec. Mater. Eng., 2012
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Injection moulding pillars

Cooling time simulations
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Injection moulding pillars

Replication process
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Fu et al., Nature Methods, 2010

Cells on pillars

100μm

10μm

Bendable structures

Why tall pillars?

FF

PDMS
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Microstructures in elastomers

by injection moulding

Fu et al., Nature Methods, 2010

10μm

ᴓ 1µm ᴓ 2µm

S-D et al., Macromol. Mater. Eng., 2016 
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Fu et al., Nature Methods, 2010

Cells on pillars

𝐹 =
3𝜋

64
𝐸
𝐷4

𝐿3
𝛿

100μm

10μm

L

small

DF

𝐷(𝑚𝑖𝑐𝑟𝑜)4

𝐿(𝑚𝑖𝑐𝑟𝑜)3
=

10−6 4

10−6 3
= 10−6

𝐷(𝑛𝑎𝑛𝑜)4

𝐿(𝑛𝑎𝑛𝑜)3
=

10−9 4

10−9 3
= 10−9

For high E, D4/L3 must be nano.

PDMS: E=2.5 MPa

PC: E=2.35 GPa

make this BIG

High aspect ratio structures

Stiffer materials -> taller
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No coating

Non-stick coatings

Tilt = 30°

Matschuk & Larsen,

J. Micromech. Microeng. 23 (2013)

Park et al., Microelec. Eng., 73-74 (2004)

High aspect ratio in polycarbonate

Initial attempts

Stormonth-Darling et al., J. Micromech. Microeng., 2014
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High aspect ratio in polycarbonate

With surface coatings

SiO2 + fluorosilane.

Tmelt=270ºC, Ttool = 80ºC

Ø ~70nm, height ~1400nm

AR ~ 20:1

Fluorosilane only.

Tmelt=280ºC, Ttool = 90ºC

Ø ~45nm, height:800-900nm

AR ~ 20:1

Si3N4 + fluorosilane.

Tmelt=280ºC, Ttool = 90ºC

Ø ~60nm, height >> 2000nm

AR = too bendy

Tilt = 30°

SiO2 + fluorosilane. 

Tmelt = 270ºC, Ttool = 90ºC

Ø ~100 nm, height: 2000 nm

AR ~ 20:1

Over 2 x 2 mm
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Results - height

975 nm (~10:1)

High aspect ratio in polycarbonate
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Results – success rate
High aspect ratio in polycarbonate
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Results – circularity
High aspect ratio in polycarbonate
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High aspect ratio in use

Rasmussen et al., Adv. Func. Mater., 2016
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High aspect ratio in polycarbonate

?

Extremes, problems and opportunities
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High aspect ratio IM for production

True replication?

Quartz master stamp Injection moulded “replica”

?
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High aspect ratio IM for production

Large area quality



John.Stormonth-Darling@glasgow.ac.uk25

High aspect ratio IM for production

>0.1 mm

S
tre

tc
h

in
g

 +
+

Leaning left Leaning right

X-section profile

Mapping macroscale morphology to nanoscale defects

X-section cooling simulation



John.Stormonth-Darling@glasgow.ac.uk26

High aspect ratio IM for production

Longevity of tooling
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High aspect ratio IM for production

Consistency of parts

Aspect ratio:   6.6               10                 4.4               6.7
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Injection moulding in 2.5D
Superimposed nano/micro over micro/macro topography
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Towards devices

Multiwell arrays for discovery
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Towards devices

Development of the toolbox

Patterning Mastering Replication “Product”

• Gadegaard 2003a

• Nanodots

• Gadegaard 2008a

• Geometry

• Gadegaard 2008b

• NIL

• Pedersen 2010

• ppHex resist

• Pedersen 2012

• 3D patterning

• Greer 2016a

• Step’n’repeat

• Gadegaard 2003b

• Ni mastering

• Kokhar 2011

• UV-NIL

• Reynolds 2012

• Gradients

• Reynolds 2013

• Gradients

• Greer 2016b

• FEP

• Pranov 2006

• IM

• Stormonth-D 2012

• IM pillars

• Stormonth-D 2014

• UHAR

• Karimullah 2015

• Plasmonics

• Stormonth-D 2016

• Elastomers

• Greer 2013

• Ti patterning

• Greer 2016c

• Ti coatings

• Morrison 2016

• PEEK
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Our manufacturing capabilities
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