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enciz Nanoimprinting: A replication process

Pattern transfer by mechanical deformation of a resist material

»Nanoimprint lithography (NIL) ~ UV - Thermal

Imprinting
( . (
Mold .
Resist i LN N Essss
Substrate
Pressure + heat Plasma etch of residual layer Pattern transfer to substrate by etching or deposit/%n
or UV light

»Nanoimprint technology (NIT) ~ UV - Thermal

. (2) Imprinting (3) Demolding
(1) Loading
Pressure

= N _ p——
[ ' ' !—-_-_-_-_-—\

Polymer

film Heat or UV S S S S S
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~ < Silicon
<Quartz

Nanoimprinting tool box

+Nickel

+»Oxides

+»Carbides
. <Polymers

+*Silicon

*»Quartz, silica QJ
“*Polymers

=

e

bstrate

\

Resist/

polymer
. 7

“» Thermoplastic polymers:

PMMA, PC, PS, PP, PES..
“»Liquid monomers
»Biopolymers
“»Semiconducting polymers
“»Sol gel materials

*»Textiles, paper..
“*No substrate

Equipment - press
s Thermal
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| dea Mold fabrication

ﬁoto lithography : Micrometer range\
ST

- Limited resolution to 1 um?
- Patterned area — 2 - 127

sesnm | ) Photomask
—_—{«Ph:t:rr:sizt

" Substrate (Si, Qz)

Resist
Development

E-Beam lithography:
Sub-micron and Nanometer range

Tweee.
".‘.“q

- Resolution from 600- 5 nm
- Limited writing area

E-beam
\4 ___—FE-resist

T Substrate (Si, Qz)

—

/" Deep Si Etching
"Bosch” Plasma process

Etching - SF6 :

\n — E + P cycles '—l

Etching - SF6 Working mold Ni Electroplating

Passivation - C4F8 e Replication

Polymers: PDMS, PTFE ...

/




Molds - stamps

Silicon




| dea Anti-sticking coating

Anti-adhesion surface treatment to reduce the surface energy

Fluorinated organosilane as molecular anti-adhesive layer

assembled tail groups

EEE

+ H,O Trace

-12 HCL

Perfluorodecyltrichlorosilane (FDTS)
Heptadecafluoro-1,1,2,2-tetrahydrooctyl)-trichlorosilane (F13-TFS),

Source: NAPANIL Library process pg 33. Ed. H Shift



dea
Nanoimprinting process

Mechanical displacement of (polymer) material by pressure

The polymer flow into the stamp protrusions - Newtonian flow behavior

- Stefan’s equation

- polymer is incompressible

P - purely viscous melt

I protrusion i protrusion - ideal adhesion of polymer
|_s/2 L P at surfaces

- for s»h(t) the flow is

quasi stationary and p = p(y)
- no air trapped in grooves

viscosity‘\ ,~~stamp width
& D)

2p |\ h}rz B h
pressure - - initial polymer height
final polymer height

Z
1,8

[y =

Source: NAPANIL Library process pg 21. Ed H Shift
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Choice of process parameters

Mechanical properties change with temperature

10¢ ¥
1 hard elastic viscoelastic viscous
11
E 10y (1) glassy region
= ] . :
G - demolding imprint
5 107 -r -1-5'I (2) transition T, > 1
- c
= region
o
£ 10
e 3 (3) viscoelastic plateau lightty
o crosslinked
- ., . admaeit
1] (4) viscoelastic flow
100+ region
3 (5) viscous flow
region jowim, high{M,
10" i i = . ¢ i :
40 60 B0 100 120 140 160 180 200

H. Shift, J. Vac. Sci. Technol. B 2008, 26, 458

temperature T [*C]

T, =T, +50 C
Optimum viscosity : 103-10"Pa s



| dea Capillary Nano Imprinting

E
nanociencia

High Aspect Ratio Polymer Patterning

T=Tm, T>>Tg, Capillarity action —filling Demolding

B e

1.Polymer is heated above its solidification temperature
2.The pores of templates are wetted and polymer fills-in by capillarity

Capillary action

p
Laplace pressure:

o P =2y cos@/R

dijdi =R y cos0/(4n1) *High aspect ratio — up to 100:1

*High density

; TR *Sub-100 nm polymer structures
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ianociencia High aspect ratio polymer nano-structures

>Sub-100 nm. Pilar size, 80-100 nm: AR in the range 10:1  Applications:

-Biomimetic nanophotonics
-Anti reflective, diffractive optics
-Photonic crystals

-Sub wave length optics
-Gecko like dry adhesives
-Substrates for cell biology

»250 nm pillars, AR 24:1  >200 nm pillars, AR 40:1 »270 nm pillars, AR 100:1




i Nanoimprinting facts

High-resolution - Not limited by diffraction but by the mold size (1 nm
resolution demonstrated)
High-throughput - Roll to roll scalable, roll to plate

Low-cost

Versatility - Material flexibility
Process flexibility : UV, thermal
Feature flexibility : micron- nanoscale

Low environmental impact : Greener - less use of solvent developers

etc.

% Defects, mold patterning and mold wear

+* Mechanical resistance of the nanofeatures
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Nanofabrication Nanomanufacturing

Direct writing techniques Replication techniques

mass fabrication processes

E-beam lithography

lon beam lithography Optical lithography
Scanning probe lithography X-ray lithography
Direct Laser Writing Lithography Nanoimprint technology

Two-photon Lithography -3D printing

Resolution ~ Throughput — Cost

Throfghput:ml-s'ii
107

10° ' Roll-to-roll nanoimprint

102 @ 193 nm photolithography
104
10°® o -
Variable-shaped beam direct
10°8 write (Mask making) Patterning techniques used in
i o i integrated circuit manufacturing.
107 J.A. Liddle & G. M. Gallatin,

; i sk i TED.EIL}F Nanomanufacturing: A Perspective

IDD lﬂl 11._.]'1 lﬂﬁ Iﬂg lﬂm 1!}”- ACS Nano 2016, 10, 2995.

Cost ($-m2)




| Uea syrface functions & bio-applications

“ > Gecko like dry adhesives
» Superhydrophobic lotus

» Anti-reflective moth-eye surfaces

- » Cell Instructive Patterned Topographies

» Bactericidal Moth Eye Inspired Topography

_/
S

/
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Gecko like dry adhesives

van der Waals adhesion - residue free

Polymeric
hierarchically
branched fibrils

100 nm N 4
e . ¢

o

Fabrication and Analysis of Gecko-Inspired Hierarchical Polymer Nanosetae, ACS NANO , 5, 1897-1906, 2011



| 0ea Gecko’s Hierarchical Attachment System

Autumn, K., et al., Nature, 2000. 405(6787):

Bhushan, B., J. Adhesion Sci. & Tech., 2007. 21(

12/13): p. 1213.

p.681.
Hierarchy Name Diameter Height Aspect Ratio Density
(B-keratin) (#/mm2)

Level 1 Seta ~4 um ~110 ym ~ 25 14 x 103
Level 2 Branch ~1 um ~ 25 um ~ 25 -
Level 3 Spatula ~100 nm ~2.5um ~ 25 1.4-14 x 108

End of Level 3 | Tip of Spatula Width Length Thickness

200 -300 nm 500 nm 10 nm

Hierarchy allows for conformal contact - Adhesion via van der Waals forces




| dea Gecko adhesive

Hierarchy of compliant structures
\

‘Conformational contact to surface roughness |

Benchmark functional properties:

1. Anisotropic , directional attachment - shear force adhesion
2. High pull off to preload ratio

3. Low detachment force

4. Material independence / van der Waals adhesion

5. Self-cleaning

6. Anti-self matting

7. Non-sticky in default state

K. Autumn (MRS Bulletin, June 2007)
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Mold fabrication: Nano porous alumina

Aluminium anodization - Alumina Pore Formation

Platinum as cathode (-)
6H* + 6e- > 3H,

| |I T Oxide/Electrolyte
Interface

++ 3H,0 > ALO, + 6H*

Metal/Oxide
Interface

2Al + 30% > Al,O; + 6e 2Al > 2AB* + 6e

Aluminum as anode (+)

Overall anodization reaction: 2Al + 3H,0 - Al,O5 + 3H,



Il 'dea _Fabrication of hierarchical PAA template

Anodization reaction: 2Al + 3H,0 = Al,O; + 3H,

1st-tier anodization
V,
0.3 M H;PO,; 130 V

Barrier layer thinning,
5wt% H,PO,

2nd_-tier anodization
V,<V,

Barrier layer thinning

3rd-tier anodization
Vi<V,

Barrier layer thinning

Cross-sectional View

NPAA Pores !

Aluminum Bulk / Aluminum film

Barrier layer :

Top View
@O @
902cC¢e
DI0S03E
920208¢

R CGacs
3 BEBeBe

2683
396268
3 PePa%s

B e e ¢

%@),@%/@é&/@%




Branched Porous Alumina Template

2-3 step aluminum anodization

1st-tier anodization
. V, (130V)
¥ Y \ ‘ 0.3 M H3PO4
1;’; 'w‘f,.-r ,z}' S u b po res ~a 130 V for 35 min Barri
P ~é‘ £ i’ arrier layer etch
"o ,‘ » - v
b _ 4 . 2n-tier anodizatio 2Wi% H3PO4
9 V2 (80V)
200[1[“ C) s ! 200nm 0.15M C2H204
! . w0l Vg 80 V for 3.5 min
| S 8 i Barrier layer etch
. — 5wt% H3PO4
3rd-tier anodization
V3 (50 V)
0.3 M C2H204
200nm | d) 20Em 50 V for 15 min
Advanced Functional Materials 2008, 18, 2057-2063. Barrier layer etch

5wt% H3PO4

a) b) C)

Increased wettability —>
- filling of the pores

113.9°+0.8 46.3°+1.8 15.8°+2.1

Aluminium Single tiered PAA 2 — tiered PAA



| dea  Hiararchical gecko like dry adhesives

Al

Hp sk

Hg

(a) (hi s

Pristine Polycarbonate Linear pillars Branched pillars
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| dea i :
P Frictional Adhesion Measurements

Copper Wire .
@: 30um Weight (30 mN) Tape

ecko tape (1 cm?)
h

Gecko tape friction test set up

Frictional Adhesion Force Against Glass

0.20 Comparable
165

Frictional Adhesion Force (Niem?)

0 1 2 3 4 &
Extension (mm)

| - = -LinearPillars ———EBroncheWpPillars ==+~ PrigtinePC |

N

Values by estimaling contact ragion with pretoad OND 03 Nisg.cm.

Tyvpical weight of Gekko Gecko»\43.4+1.48¢g
Pad area - 2.271 £ 0.109 e¢m?
= Frictional Adhesion Force : 0.188 N/cm?

Branched p|||ared ta pe on a 5 Cents CO|n D.J. lrschick et al., Bielogical Journal of the Linnean Soclety (1996),
. ) o 4 59:21-95.
remaining on the glass-slide at + 90" tilt.
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Superhydrophobic, self cleaning
lotus leave

~

Hierarchical

micro/nano
topography

/

Ho, Audrey et al. Lotus bioinspired superhydrophobic, self-cleaning surfaces from hierarchically assembled
templates. Journal of Polymer Science Part B: Polymer Physics, 2014, 52, 603.
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i dea.

Wetting properties : contact angle

4 )
oy i ot |
¥ —F
cos 8, =——
= ]_..Eti'
Young's equation
\§ J

/ Wenzel state \ /

-

I'IML'l_l'_i'I.ﬂ.l'I_ UL

Cassie- Baxter stath

| Jlﬂ.l'Lﬂ.F.‘lJI"

cos8 = rocosfa / \ cos@ =rfcosfo—1+f /

-
Super hydrophobic surfaces

~ Synergy : surface energy + topography ~
Apparent contact angle (8) above 150°

~

160 °



Self-cleaning surfaces

4 )
~ Synergy : surface energy + topography ~

apparent contact angle (6) above 150°
+ contact angle hysteresis below 10 °

. H=6,-6, )
Topography modulated wettability
Self-pinning Self-cleaning

ApoiqoydoipAyesin/miim/Bi0 eipadifim us//:SApy

Petal (Cassic impregnating wetting state) Lotus (Cassle’s state)
Feng et al. Langmuir 24, 8, 4114-4119
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| dea  |otus-like structure fabrication

i 4 Tad Lo
1L3 1
1eiLIe

Fabrication process steps

Si mold with pDomes

Deposition of Al film

Anodizatiop of AI film

Polymer Imprinting

15kl X3, @ee Sam Zé6 48 SEI

Demold 1 10um/250 nm~ | 200 um/ 800 nm




Water
Contact
Angle

dea

SHS - Wetting properties

113 ° 160° 163°

Water contact angle on 10 um/ 200 nm hierarchy

Static contact angle(deg)

Topographies Flat Micro Hierarchical

Pristine (PP) 103+3

104 £9.1 153+4.6

400 um / 0.8 um

10 um /200 nm 113+ 2.4 160 + 2

Contact angles (deg)

Topographies Static Hysteresis  Sliding
400 pm / 0.8 um 154 £+0.5 104 8+1.7
10 um / 200 nm 160 +2 9+1 4+0.3




Anti- reflective surfaces

Graded
Refractive Index

~

/

Single-imprint Moth-eye Anti-Reflective and Photoinduced Self-cleaning Film with Enhanced Resistance.
Navarro-Baena et al, Nanoscale 2018 . DOI: 10.1039/C8NR02386G



| dea

Light Reflection

Incident light
100%
N 5> Transmitted
% light 92%
Reflected ligy 3
8 % °
glass (ny = 1.5)

air (ny=1)

Fresnel's Equation:

2
ng—n
R:[ s oJ
ng +n,

Anti-refletion: current solutions available

Single layer
VL

Substrate

Refractive index for an ideal AR coating:
(1) ne = (Ngng)™=

(2) d = N4 ]- Glass = n.=1.2
MgF, (with an index of 1.38)

Few materials and high price!l!

Multiple layer

R01 R12 R23 R3S
h / / /
n,

n,

Substrate

Rsum = Ro1 ¥+ Ry + Ry + Ry

Expensive approach!!!



Anti- reflective strategy:

Graded refractive index

- AAAAR

Substrate Substrate

-Porosity
= -Roughness
-Texturization

Moths eye natural antireflective topography — subwavelength nanocone features

Pros of AR textured surfaces

-AR Broad spectral range
-Easy scalable ->R2R
-Cheap

Cons of AR textured surfaces

-Poor mechanical behavior
-Cleaning
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cienciz TiO, Surface Nanocomposite

Preparation of polymer nanocomposite
TiO, nanoparticles: Hydrothermal synthesis

33 nm

~24 nm

u.)

Fraquancy (a.

Colloidal suspension

=] 1IEI 1I5 2IIII- 2I5 3-IJ 35
Partiche diameter (nm)

500 nm

Nanocomposite preparation _ _
Spin coating

— |
e " e o
Different ammounts

of nanoparticles were
Substrate deposited
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sEes - Moth-eye Nanoimprinting

Nanocomposite - Thermal Nanoimprinting

Nanoimprint Litography
Pressure+ Temperature

PET + PMMA + Np TiO2 Nanocomposite surface
nanostructured



ldea Moth-eye nanostructures

Morphology: SEM & AFM images

Fi,ll,.lll',lr_ﬂ,“'?"-'""""

L s T AR A s

| J
ol
I|T.ll."')""-|I f
g '_,-,_.-Ip'."‘-'f-'ﬂ'."-: |




V)

Specular tramittance (%)

Flat

Moth-eye optical characterization

PMMA AR double layer

PMMA AR single layer

' —— P-AR
i —— P-01T-AR
86 PMMA Flat —— P-05T-AR
_ —— P-1T-AR
84 . — .
400 450 500 550 600 700

-4
Q
]
=]
o=
)
=

Wavelength (nm)

imdea

nanociencia

proyecios nanociencia@imdea.org
tel. +34 91 299 88 00 / 87 0O
fax +34 91 299 87 25

.Nanoscie

b —P-AR
ol ——P-01T-AR
| PMMA Fat ——P-05T-AR
—— P-1T-AR

e S PMMA AR single layer

Total reflectance (%)
o

1 PliMA AR double layer
2]% ens

400 450 500

550 600 650 700

Wavelength (nm})

nanociencia

proyectos.nanociencia@imdea.org
tel. +34 91 299 88 00 / 87 00
fax +34 91 299 87 25

AR

TiO2 Nps do not
impact the optical
properties!!!



dea Mechanical behavior:

Nanoindentation

0.5% Ti02 AR MMM
0.1% TiO2 1% TiO2 AR
PMMA Flat AR
. 1504
3 20 load/unload
O .
T 1004
5 sumaar | Cycles unt
~ maximum load of
= 200 uN
0 T T L T % T Y T 4 T 1 T
0 20 40 60 80 100 120
Depth (nm)
3,0
275_- -----------------
Stiffness - :
= - Ioad..h '
2 1,51 g g o g Il
Slope of the curves g ] 5 = = S i .
in the elastic region E 0 a3 B B Unioades //|S .
. w_ | B ° - = . ; i
(maximum of 10 nm) 05 I - = = . ' .
m < i e B
0,0 depth
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Surface profile (nm)

Mechanical behavior: Nanoscratch

5 PMMA Flat
5 pre-scan post-scan
_20_' Elastic deformation 100 uN scratch
_ﬂ
40
o Scratch direction|
-80 -
-100 4
-120
-140 T T T T T T Y T T T T T v T v
0 2 4 6 8 10 12 14 16
Lateral displacement (um)
o PMMA AR
0. pre-scan
E  -20 T
5 4
o -404 Plastic deformation post-scan
S -60-
™ ]
8 -80- /
5 L
o -100 1 Elastic deformation
120 . 100 pN scratch
] Scratch direction
40— .

S——
0 2 4 6 8 10 12 14
Lateral displacement (um)

Surface profile (nm)

-100
-120

140 +—— 1
0o 2 4 6 8 10 12 14 16

PMMA + 0.5 TiO, AR

-201  Plastic deformation

pre-scan

\

Elastic deformation

post-scan

100 uN scratch

Scratch direction
--—

Lateral displacement (um)



R2R implementation

Continuos proceses

2. Surface nanoimprinting

. Flexible
moid

Polymer

Manopatierned

polymer m

1. Nanoparticle coating

Enhanced mechanical properties Reduced reflectance
e o =
200 9
FMMA, + 0.25 TIOZ ARD g -
1804 8 ’
z §E &
& -5
E 1o o S=2p:z02 % 4
& 3
E
1 PRlAR AL 1J—PMMA ARC
o I——"PMMA Fiat
o ——— 5= 1| Brhe . : 400 450 500 550 600 650 700
0 20 a0 60 " 00 120 Wavelength (nm)

Depth {nmj
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Bio-applications
(1. Cell Instructive Patterned Topographies A
o W o= f
\_ Proliferation Morphology Migration Cell Traction Force j
(. - . )
2. Bactericidal Moth Eye Inspired Topography
- B y




i dea .
e Cell Instructive Patterned Topographies

Experimental Setup

-
- a;@w 4’

Neural Stem Cell cultured

Cell over nano and
suspension micropillars
surfaces

Traction Force

Proliferation Morphology Migration
. » - , | Migration
e« o
o e 6 o

Leadin
prairusions
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dea

2um

2um ®m500nm ®=FlatPC ®FlatPC m500 nm

2um

mFlat PC m500 nm



s Cell Directional Migration

Windrose plots of ell trajectories

18
£ 16 9 873 T
1,4 . = ’ 7
£ 1,2 - S 07
E ] = 06 -
S 08 - g 0°-
2 06 - o 247
) = 03
o 04 0 02 -
» 0,2 - g 0,1 -
0 - a 0 -
Topography Topography

E500 nm ®FlatPC 2um

2um ®500nm ®FlatPC

|-—| HT r“.-- .--.'-.: Eignail B = EEB :.;-.-u:nc:-i dea

Mag= X We SHewn Aparies e = 3 00 g




Cell Traction Force

Migration

—

F= kAx
3 rt
AX
<>
FIB-SEM Bending angle L
Visualization measurement
. »
.

s H Etatai et o 3,5 60 ‘«

30 n 90
Z 25 € 40
Z 20 S 30
o 1,5 0 20
e 1.0 (&)

o) 0’5 10
- 0,0 0

0.05 7.74 16.45 0 0,751,752,753,75
Force (uN)

Distance from the edge (um)



Force (uN)
QO -_2=2PNNWW

60
50
40
30
20
10

Counts

\_

Single cell force profile

oo o uvowm

Distance from the edge (um)

0 .
0 0,75 1,75 2,75 3,75

0 5 10 15

Mean force value

Force (uN) /

Results

Cell Traction Force

6,0

5,0
Z 40
o 3,0
0 2,0
LL

1,0

0,0

-

Single cell force profile

0

10 20 30

Distance from the edge (pm)

Migration \

Mean force value

Leading side

25 3354455556 657
Force (uN)

Receding side

03081318232833384348535,8

Force (uN)

/
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Summary

Nano and Microscale determine cell
morphology

2500 +
2000 -
1500 -
1000 -
500 -

% Cell Growth

Nanoscale increases mobility
Microscale decreases mobility
and induces persistant direction

Nano and Microscale reduce cell
proliferation

__60 50
z 5,0 o 40
=4,0 -

o 3,0 g 30
g 2.0 8 20
S 1,0 10

0,0 rrrrrrrrrrrrrr1rr11
0 10 20 30 03 1323334353
Distance from the edge.. Force (uN)

Microscale increases cell traction forces

Viela, Felipe, et al. "Biomechanical cell regulation by high aspect ratio nanoimprinted pillars." Advanced Functional
Materials26.31 (2016): 5599-5609.
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Bactericidal Moth Eye Inspired Topography

Viela, F, et al. Moth-eye mimetic cytocompatible bactericidal nanotopography: a convergent
design. Bioinspiration & Biomimetics, 2018, 13, 026011.



i dea Moth-eye mimetic topography

(1) Loading

. - -a B :
Mold -r’!‘?”f"‘"""r#r.,‘r‘r'.-rﬂr‘r‘sr'r‘
.-'r'r"r‘("f"'f"r‘

deerpr

Hr‘r-rﬁgrr;..=_.:.. .
Pol_ymerw "r-rriﬂ(‘f"r‘r‘f'r‘f‘f'r‘f'r‘rﬂr‘"r

i prrr*r'r“f‘r‘f"‘f'"""”'ﬂ::;;rﬂr-'
(2) Imprinting ﬁrtﬁr-r-r‘r'_"r'f‘ff"’"‘fﬁr.g,-,-
Pressure r,r,r.r.‘..,.ﬂfdﬁ,d,-rrﬂ,-ffr f

- f"r"r"r‘r‘f"‘r‘rr‘r‘r‘r’r"r‘r‘r‘r‘f'ﬂr'ﬁr‘fr‘
f":f‘f‘r'f"'f'f‘ﬁr‘!‘r‘r‘r‘r'r‘f 5555

- | V r‘r‘r‘f‘r‘-r‘r‘r‘r‘r‘rrr‘r‘r‘r‘r‘ﬂﬁf
2795955 f"f'r*r'r"r‘r"rr*r‘r'r‘r‘f‘r“r‘r'rﬂ#r‘#
(d e drrrrrrr ﬁﬁﬁﬂﬂ ﬂrﬂﬂfr U

(3) Demolding ﬁfﬂfﬂr‘r‘rﬂfﬂrﬁ "'r" - ;

r e
r‘r‘r‘r’r‘r‘r‘r‘ﬂ'!‘f“r'r'""" f‘ﬂﬂ.r,f,_

Height: 250 nm
Aspect Ratio: 2.8




8 EXPERIMENTAL SETUP

"'I-._,_.-'.I "--": - .I'\.\_.'_.r‘ l.
> -

Bacterial/ Cell Bacterial/ Cell
Supension Culture on moth
eye Inspired

Topography

Bactericidal Effect Biocompatibility
Fluorescence Scaning Electron
Microscopy Microscopy Cell Proliferation Cell Morphology

®
B .
-.:@- -*. . #'. -.@J-
LI




dea Bactericidal Efficacy of Moth Eye
Topography

Flat PMMA moth eye Inspired
Topography

Moth eye
Flat PMMA Inspired

™
Q
)
3 100'_ I S. Aureus
5 90 B E .coli
< 80 Bl P. Aeruginosa
/) |

< 70

2 |

g 60
T ® ]
9 ‘é 50—_
= X 404
O |
0. 30
w 20

104

- |

P. Aeruginosa (G-)

B Live Bacteria [ Dead Bacteria Dead Bacteria
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Moth Eye Bactericidal Effect

P. Aeruginosa

. Col

E

Aureus

S

VININd ¥eld

Aydeubodoj
paJidsu| aka yjo

on

dhes

Imize a

“Mechanical rupture — membrane stretching to opt
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% Cell Proliferation

Biocompatibility of Moth Eye Topography

Moth Eye Inpired
Topography

Cell Proliferation- HaCarT cells

—a— PS

500
—e— PMMA

—#A— Cicada Inspired
Nanostructure
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| dea Summary

*Polymer micro/nano imprinting

-------

Gecko like dry adhesives Superhydrophobic,self cleaning  Anti-reflective surfaces ~ Bactericidalsurfaces  Cell substrates

“*Patterning is a valuable tool to exploit the functionality of materials into new
applications . Design is key to achieve specific functions.
“»*Structuring imparts function by physical means regardless the chemical nature.

* Patterning -using replication (NIT) is a suitable methodology for sustainable

product development / nanomanufacturing
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