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Quantum X bioQuantum X align Quantum XQuantum X shape
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2PP vs. 2GL®, MF
Height = 250µm

2PP vs. 2GL®, LF
Height = 1250µm

2PP vs. 2GL®, XLF
Height = 2500µm

2PP vs. 2GL®, SF
Height = 125µm

EPIC Meeting | (c) Nanoscribe 
2023



EPIC Meeting | (c) Nanoscribe 
2023



Polymerization
threshold

L
a

s
e

r 
In

te
n

s
it

y2

NIR 
femtosecond

EPIC Meeting | (c) Nanoscribe 
2023



EPIC Meeting | (c) Nanoscribe 
2023



20 µm

2PP with coarse slicing 2PP with fine slicing 2GL® with coarse slicing
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few 10’s to 100’s µm to mm diameters of up to cm² area  

500 µm
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Compact freeform lens optical systems

Design, print, coat, measure, iterate

Process optimization

Images supplied by: Printoptix GmbH, https://www.printoptix.com/, Dr. Simon Thiele
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Gehring, Helge et al., ‘’Broadband out-of-plane coupling at visible wavelengths’’, Optics Letters, 44.20 (2019) 

100 µm

100µm
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5µm

Simulation
Measured beam

MFD = 10.4µ𝑚

200µm

Lensed fiber
array with
SMF28 fibers

Emission 
direction

5µm

Simulation
Measured beam

Simulation
Measured beam
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100µm

x

y

z

Emission 
direction

Target 𝑀𝐹𝐷 = 6.7µ𝑚

20µm

Simulation
Measured beam

Simulation
Measured beam

5µm

Measurement

𝑀𝐹𝐷𝑦 = 2.4µ𝑚
𝑀𝐹𝐷𝑥 = 2.8µ𝑚

5µm

𝑀𝐹𝐷𝑦 = 2.4µ𝑚
𝑀𝐹𝐷𝑥 = 2.8µ𝑚

Sample from research project 
HandheldOCT, imec SiN
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25s

55s

80s
378s

Smart slicing + 2GL® 

Smart slicing

Smart slicing
vs. fine slicing: 
3.5x faster (for periscope)

Smart + 2GL slicing
vs. fine slicing: 
20x faster (for periscope)

Smart + 2GL slicing
vs. smart slicing:
RMS error (shape): 41.7 nm
vs. 58.5 nm

100µm
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 Nickel shim

 Micro injection molded replica

 Hot embossed replica

 Nanoimprinted replica

 Direct hot embossed replica

 Soft mold

MLA polymer 
master

 MLA negative 
polymer master
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Random

Regular

Random
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From single Master via S&R to Imprint
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Free form 
2.5D surfaces
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Randomized concave
convex microlens
array



Randomized concave
convex microlens
array
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Random MLA



Large prisms
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Free form lenses
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Small prism



Fresnel lens
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Fresnel lens with 
mechanical mounts
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Lensed fiber arrays



© PHIX Photonics Assembly
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Freeform optics on 
fiber tips for imaging
and beam shaping
tasksEPIC Meeting | (c) Nanoscribe 
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Taper on fiber tips for 
beam shaping tasks



On-chip printed lenses
for free space
microoptical coupling
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Microlens precisely
printed on the facet of
a laser chip
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Hybrid lens 3D-printed 
on an optical fiber
with diffractive
elements
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© Phix
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Aligned printing of
100 Freeform lenses 
in a MLA* on grating
couplers (GC)*MLA = Micro Lens Array



500 µm
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Aligned printing on 
multicore fibers 



500 µm
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Complex 3D shapes
- Micro needles
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Download our Whitepapers

1) Two-Photon Polymerization (2PP) 

2) Two-Photon Grayscale Lithography (2GL®)

3) Industrial Scale-up: Mastering & Replication
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