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Laser zur Funktionalisierung von Oberflachen

Auch in der Textilindustrie?

Nanoworkshop Hohenems 11.12.2014
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Oberflachenmodifikation mit Lasern ?

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Was kann man tun — Anhand von zwei Beispielen

Material abtragen
* Erzeugen definierter Oberflachengeometrie
» Erzeugen definierter Rauhigkeit
+ selektiver Abtrag

Material verandern
* Modifikation im Volumen

« chemische Modifikation der Oberflachen, z.B.
Hydrophilie
Hydrophobie
Silanisierung

Besonderheiten der Bearbeitung mit Laserstrahlung:
* R&aumliche Auflésung
* Thermische/nichtthermische Wechselwirkung

Ist so ein Verfahren fur die Textilindustrie interessant?
* Gibt es Nischen?
* Durchsatz?
« Geometrie?

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

oooooooooooooooooooooooooooooooooooooooooo

oooooooooooooooooooooooooooooooooooooooooo

Nanoworkshop 2014/JE



Beispiel 1 (Photonics West 2014) Tamara Pacher et al. FHV RESEARCH ’

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Aim: Selective structuring of photoresist with femtosecond laser pulses in combination
with conventional UV photolithography

Rendered design of a structure containing both micro- and milimeter patterns

[  selective laser ablation [ Laser ablation substrate
[ | uvphotolithography
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Material system FHV RESEARCH ’

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

sacrificial layer for
debris removal

structure created with
UV photolithography

Femtosecond laser

I

I

B

B I

I

structure created with =

laser ablation - ;
7

—

Substrate
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Selective ablation

FHV RESEARCH ’

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Femtosecond laser

AZ® n-LOF 2070

< ENEE

SU-8

700

SU-8 and soda-lime glas

soda-lime glass

lllllllll

g

arvh pan
8

g

resist-substrate system
for selective ablation

Ab]amu

200

100

IIIIIII]IIIIIIIIIIIII]II

® soda-lime gls
o Su-8

Wavelength: =520 nm
Pulse duration: T=400 fs
umber of pulses: N= 100

process window

0.1

Fluence [J/eny’]
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Determination of the ablation thresholds FHV RESEARCH ’

I R X Y

irradiated area
_2r24p; g
Fth = Foe w ablated area %
solving the equation for A, 8
(¢
(@)
—
slope 3
i 2
Ay Fo D
Aabl — lO‘g, ®
2 Fth r \
N < >

SU-8 and soda-lime glas

Tm; ® soda-line glas
o sUs .
“E v 1= 520mm Multipulse threshold fluence
_ 500;_ ;I::b::?}n;:l:s;s::;‘iogﬁu SU-8. O 3 chmz
E w0 -
E L Soda-lime glass: 0.99 J/cm?
3 0
2
E for Fuy = Fg = Agp; = 0 (point of intersection with the x-axis)
00,-1 1 o

Fluence [Venr]

Measurement methode from J. M. Liu, “Simple technique for measurements of pulsed Gaussian-beam spot sizes,”

D RN
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Protective layer

..............................................................................................................................................

Without protective layer

FHV RESEARCH ’

With protective layer

Structure created with laser ablation, edge
damage caused by the debris

\

Structure created with laser ablation after
removing the PVA with warm water

N

AZ® n-LOF 2070

AZ® n-LOF 2070

SU-8

SU-8

soda-lime glass

soda-lime glass
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Results selective laser ablation

— AZ® n-LOF 2070

B =N

SU-8

FHV RESEARCH

I R X Y

Parameter

Step no. 1

Step no. 2

Value

Unit

Value

Unit

Repetition rate

500

kHz

500

kHz

soda-lime glass

Fluence

0.876

J/cm?

0.3

J/cm?

Hatch distance

0.001

mm

0.001

mm

Acc.V Spot Magn Det WD —— 500 um
2.00kV 3.0 50x SE 129 FHV FZMT

D RN
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Speed of operation

500

mm/s

500

mm/s

Number of cycles

30

30

FHY

FZN




Results laser ablation soda-lime glass FHV RESEARCH ’

I R X Y

Repetition rate 500 kHz

Fluence 2.23 J/cm?

Hatch distance 0.001 mm

Speed of operation | 300 mm/s

Number of cycles 30 -

D RN
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Results laser ablation fused silica

FHV RESEARCH ’

I R X Y

Parameter

Value

Unit

Repetition rate

500

kHz

Fluence

2.23

J/cm?

Hatch distance

0.001

mm

Speed of operation

300

mm/s

Number of cycles

30

D RN
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Beispiel 2: ICALEO 2014 Bernhard Fassler, Giovanni Piredda Josef Ressel-Zentrum @

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Surface structuring
cell attachment )

Acredis AG.

H. I. Chang and Y. Wang, "Cell Responses to Surface and
Architecture of Tissue Engineering Scaffolds"

Micro structuring
drug coating

Herz Zentrum Hirslanden Zirich.

— different applications need different surface textures.
— searching for a process in which this can be specifically influenced!
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Josef Ressel-Zentrum @

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Material - poly(Lactic acid) (PLA)

BJE Kunststoffe, Diepoldsau, Switzerland
200 um thick sheet

molar mass-average 139 g/mol

molar number-average 69 g/mol




Josef Ressel-Zentrum /mD

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

A machined sample shows the design of the experiment

Single-pass machining
Pulse energy

Matrix/Column/Row
Machining 1 2 3 4 5 6
&) [} ) El |}
0 3] G| EEE © parameters
= atatin e 2 Laser power | 1.60 | 1.15 | 0.68 | 0.24
aR L4 i EEN in W measured
B i} EEmE o at 200 kHz
(change in
matrices)

PToP inum | 10 8 6 4 2 1

(change along
columns)

RFinkHz | 100 | 50 |33.3| 25 |12.5|6.25

(change along
rows)
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Josef Ressel-Zentrum /mD

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Optical microscope examination

This examination was carried out to detect possible thermal effects.

no debris

Sogun - [ .' Rid ‘ 3
Optical microscope |mages of pocket surfaces

— melted pockets are not considered in further investigations.
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Josef Ressel-Zentrum /mD

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Optical microscope examination

Single-pass machined sample classification

RF in kHz

100 50 33.3 25 12.5 6.25
Laser power 1.60 W

PToP in um

Burned through

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



Josef Ressel-Zentrum /mD

..............................................................................................................................................

Discussion of the data: single-pass machining

Image section shows the
possibilities in roughness
variation for a fixed depth.

For single-pass machining
it is not possible to choose
depth and roughness
independently!

RF (kHz)

100

an

al

70

G0

al

40

30

4

1 ]
405 41

1 i 1
415 42 425 43

1.3

1.29

1.28

1.27

1.26

1.25

1.24

1.23

1.22

1.21

1.2

Sa (um)
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Josef Ressel-Zentrum /—MD
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Laserablation: Equipment FHV ’

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Laser

Spirit™ — HighQLaser
Ausgangsleistung: 4 W
Pulsdauer: 400 fs

Wellenlange: 1040 nm, 520 nm
Pulswiederholfrequenz: bis 1 MHz

Strukturierungsanlage

-------------- N

e
e

Tilted mirror
Folding mirrorl

Beam expander=

— = = 518nm
1035nm

Z, . Zy
\ Scanner
T l inteliSCAN 14 T '

Fine cutting head

_— Probe —— ~
2 o L

xy-table
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