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Optical communications Sensing and monitoring
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Optical fibers are used in a variety of applications
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3D micro-fabrication via two-photon polymerization
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PP GT+

AOM: acousto-optic modulator
CCD: charge-coupled device

Micro-optics fabrication via two-photon polymerization

• Full 3D design freedom

• Minimal feature size ~ 150 nm 

• Rapid prototyping

• Printing in-situ (e.g. on fibers)

Advantages



➢Tapered waveguides➢Micro-lenses ➢Diffractive elements

3D-printed optical interconnect components

Nanoscribe Photonic Professional GT+
25x, NA0.8 microscope objective
IP-S photoresist material
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Micro-lens geometrical and optical characterization

• Slicing distance optimization to reduce geometrical error• Measured lens profile 
(height map)

Large slicing distance Small slicing distance

- Designed profile

- Measured profile
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• Surface roughness • Optical aberrationsRMS wavefront 
aberration < 0.07 𝜆
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Optical performance of an expanded beam fiber connection

Micro-lensOptical fiber

100 µm

• Lateral misalignment tolerance measurements

Optical fiber Micro-lens Optical fiberMicro-lens

Lateral misalignment

3dB tolerance increase of 25 µm 
Insertion loss = 1.7 dB

Simulations performed with Zemax OpticsStudio



➢Tapered waveguides➢Micro-lenses ➢Diffractive elements

3D-printed optical interconnect components

Fiber core

Fiber cladding

Photonic Integrated Circuit waveguide
20 µm 1 µm

• Fiber-to-chip coupling
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Fiber-to-chip coupling to generic PIC platforms

Silicon Silicon Nitride 1 Silicon Nitride 2 Indium Phosphide

Linear taper (dB/facet) - 0.97 - 0.44 - 0.03 - 1.43

Nonlin. taper (dB/facet) n/a n/a n/a - 1.34

MOF taper (dB/facet) - 0.97 - 0.47 n/a n/a

Performance compared to state-of-the-art lensed fibers 

K. Vanmol et al., Optics Express, vol. 28, pp. 36147-36158, 2020

K. Vanmol et al., Journal of Lightwave Technology, vol. 38, pp. 4834-4842, 2020 
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Simulations performed with Lumerical

• Mode conversion simulations • Beam-size characterization• 2PP fabrication

Benchmarking with state-of-the-art

• Proof-of-concept physical contact fiber-to-chip coupling
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➢ Mode-field reducing down-tapers

K. Vanmol et al., Optics and Laser Technology, vol. 112, pp. 292-298, 2019

K. Vanmol et al., Optics Express, , vol. 28, pp. 36147-36158, 2020

➢ Mode-field expanding up-tapers

MFD x 10

100 µm

K. Vanmol et al., Journal of Lightwave Technology, vol. 38, pp. 4834-4842, 2020 

Compact and efficient mode-field converting tapers



➢Tapered waveguides➢Micro-lenses ➢Diffractive elements

3D-printed optical interconnect components

MCFSMF

Diffractive optical element (DOE)

~ 10-100s µm
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From a large-scale proof-of-concept 2PP diffractive splitter, …

100 µm• Phase profile (4 levels)

2 mm 

6𝜋/40

… towards a compact, monolithic, integrated fiber beam splitter

Simulations performed with VirtualLab Fusion

• Design vs fabricated sample
• Input beam

• Output

• Fabricated fiber beam splitter • Fiber splitter vs standard fiber

A. Kyriazis, K. Vanmol, et al., Proc. SPIE 12135, 2022



Summary and future perspectives

➢ Conclusions
- Two-photon polymerization fabrication for ultra-short range interconnect applications

➢ - Micro-lenses, tapered waveguides, and diffractive elements
integrated on the fiber tip in a compact and monolithic design

Contact: Koen Vanmol, kvanmol@b-phot.org, B-PHOT, Vrije Universiteit Brussel

➢ Future perspectives
- Investigate various other micro-optical building blocks

to create evermore complex integrated functionalized fiber designs
- Explore the grayscale 2PP fabrication process with Nanoscribe Quantum X 
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