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Download our Whitepapers

Two-Photon Polymerization (2PP)

Two-Photon Grayscale Lithography (2GL®)

https://www.nanoscribe.com/en/whitepaper
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Micro-lenses shape the emitted beam 

Photonic

device
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Beam expander for
relaxed alignment
tolerances in packaging

Focusing lenses for low
loss direct coupling to 
tapered waveguides

Wide beam

Small beam
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MFD = 3.2µ𝑚

Fiber array with
460HP fibers
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* the smaller the MFD at the fiber, the higher the losses due to misalignment
** Losses due to setup misalignment not depicted
Lens height: ~200 µm each
MFD: ~25 µm

V- Groove V- Groove

Fiber Core Misalignment of
core-lens

Printed Lenses
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Fresnel loss

Bulk absorption Mode field 
mismatch

Coupling beam
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High precision 3D printed collimation lenses enable
• reduced losses below down to 1 dB 

• tailored relaxed alignment of several µm

8

Loss type Info Fiber - Fiber

Fresnel reflection Losses: ~4%(0.2 dB) per resist-air interface ~8% (~0.4 dB)

Bulk absorption / scattering Material dependent losses: ~0.7% per 100 µm in IP-S (1550 nm)* ~3% (~0.15 dB)

Mode field mismatch Target: <10% MFD mismatch <1% (<0.05 dB)

Misalignment of core-lens Target: <±500 nm** 
< 1%(1550 nm) - <14%(520 nm)

< 0.05 dB - <0.65 dB**

Misalignment of setup Packaging dependent ?

Minimum total loss ~11% (~0.5 dB)

Total expectable fabrication-related losses*** ~13–22% (~0.6 - 1.3 dB)

Lens height: 
~200 µm each 
MFD: ~25 µm

* first estimation, detailed measurements pending
** the smaller the MFD at the fiber, the higher the losses due to misalignment: SMF MFD  for 1550 ~ 10.5µm; 520 nm ~ 3.5µm
*** Losses due to setup misalignment not included
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100 µm
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Photonic

device

500 µmMFD 25 µm

Coupling: Top viewBeam expander for 532 nm wavelength
• Single mode coupling over 1.2 mm

• 5 µm for  1 dB lateral alignment tolerance

• -0.7 dB per lens, -0.3 dB Fresnel 
reflection 

Focus lens for 1550 nm
• -1.7 dB per coupling interface for

coupling to SOI tapered edge coupled
waveguides MFD 3.6 µm



Up to 100 nm 
precise lateral 
alignment to 
waveguides with 
confocal module

Automatic 
printing on fiber 
arrays & chips

Enables relaxed 
die alignment 
tolerances of few 
µm and reduced 
losses

Printing on fibers 
3D alignment to fiber core 
and emission direction

Printing on photonic chips 
3D alignment to on-chip 
markers, waveguides etc. 

Printing on 3D topographies
3D alignment to 
topographical features 

200µm

*
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Application examples

EPIC OTM Co-packaged  Optics 14



Freeform optics on 



3D-printed lensed
fiber arrays for
highest coupling
efficiencies



On-chip printed lenses
for free space
microoptical coupling



Microlens precisely
printed on the facet of
a laser chip



Hybrid lens 3D-printed 
on an optical fiber
with diffractive
elements
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