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Gratings inspired by nature

Seamouse

Peacock

L. augustus

(3D diamond structure)

Morpho

Tmesisternus isabellae (wet/dry)

Parides sesostris

(3D inverse opal)

Apatura iris

...waau, photonics

on the wings



How it works?
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Nature Technology

Bragg reflector

PhC slabs

3D PhC laser
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From nature to technology

5/21



Interference Lithography | Holographic gratings 

o Large area patterning

o Customizability

o Rapid prototyping

o Sub-micron resolution

o Non-contact fabrication

o Laser systems

o Sensing

o Filters

o Optical communications

Grooved gratings

Holographic gratings 6/21
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Laser interference lithography - single exposure

8° ⇔ 1500 nm

12° ⇔ 1000 nm

24° ⇔ 500 nm

54° ⇔ 250 nm

405 nm
Laser 
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Mirror 2
rotation

Laser (403 nm)

Spatial filter

Shutter

Optical Splitter
50:50

Mirror 1
rotation

θ

Sample
In-plane rotation

Experimental setup
of interference lithography

Linear stage
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ROTATION AND CUMULATION OF EXPOSURE

DOSES

• 2D STRUCTURES

• MOIRÉ EFFECT

Moiré effect

Laser interference lithography – multiple exposure

2D triangular lattice2D square lattice
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Laser interference lithography – multiple exposure

2 μm

ΓM

ΓK

1 μm

ΓM

ΓK

Λ = 500 nm Λ = 600 nm
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250 nm 250 000 nm
(λ/2) (infinity)

Ultra wide range of periods
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Period mixing principle – multiple exposures

Wave 1 & Wave 2 Resulting field
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Period mixing: setup design

LabVIEW controlled 
and fully automated

Moving sample, static optics

Static sample, moving optics

Sample

Mirror
Rotation holder

Spatial filters
Splitter

Linear stage
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1 2 3 4

Wave 1
[μm]

1.200 1.200 1.200 1.200

Wave 2
[μm]

1.195 1.175 1.100 1.000

Λ diff.
[μm]

0.005 0.025 0.100 0.200

Envelope
[μm]

287 56 13 6

Internal
[μm]

1.197 1.187 1.148 1.091

Small period 
difference

=
Large period Grating

Large period 
difference

=
Small period Grating

Period mixing: structures design and simulation
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Laser interference lithography experimental setup

Single exposure:
250 – 1000 nm

Period mixing:
250 – 250 000 nm

Exposure dose 

Period tuning

 Sample rotation 

Motorized 
stage

Motorized 
stage

Spatial
filter

Splitter

M
ot

or
iz

ed
 s

ta
ge
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Small period 
difference

=
Large period 

Grating
Period 1: 1200 nm

Period 2: 1175 nm

Period diff: 25 nm

Envelope: 56 000 nm

Internal: 1187 nm

20 μm
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Large period 
difference

=
Small period 

Grating

Period 1: 1200 nm

Period 2: 1000 nm

Period diff: 200 nm

Envelope: 6000 nm

Internal: 1091 nm

20 μm

6 μm
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Diffraction spiral
 (20 periods mixed)

Complicated symmetries
Change of period & rotation
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Thank you for your attention

Moiré structures

Substrates: glass, silica, other
Tilted blazed structures

High 
aspect ratio

250 nm 250 000 nm
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THANK YOU FOR YOUR 

ATTENTION!
Contact details
Dušan Pudiš
UZA
dusan.pudis@feit.uniza.sk
+421 41 513 2300
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Partners’ logos
• To be used in the slides
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