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Modules of the 2025 course

Topics covered No Lecture/Date 
VAT Photo polymerization (history)  – DLP printer – light engine – part I 5 20.03.2025

DLP printer – chemical components in a photoresin – role of oxygen – CLIP method– part II 6 27.03.2025

Tomographic Volumetric Additive Manufacturing (TVAM): principles and applications 7 03.04.2025

Two photon Polymerization : nanoscale printing 8 10.04.2025

Two photon Polymerization : applications 9 17.04.2025

EASTER BREAK 22.04.2025

Prof. Paul Dalton, University of Oregon:  Met Electro Writing (nanoscale) 10 1.05.2025

Gari Arutinov, Holst Center for AM:    Mass transfer of microcomponents 11 08.05.2025

Julian Schneider: Scrona 12 15.05.2025

Patrizia Richner: Sonova (hearing aids). //                  Design Competition 13 22.05.2025

QUIZZ #2
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2 Photon printing

Maruo S., O. Nakamura,  Kawata S., 

"Three-dimensional microfabrication with

 two-photon-absorbed photopolymerization," 

Opt. Lett. 22, 132-134 (1997)
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Recap: Two-photon absorption
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Two-photon absorption

Example: 2 photons  infrared of wavelength                            (                    ) have a combined 
 energy of                      and can produce absorption at 

𝜆1 = 800 𝑛𝑚
(                                                    ) 

Molecule Ground State (GS)

Molecule Excited State (1)

Virtual state
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In terms of absorption for the light intensity

Single photon

Two photon

Estimation of the light intensity required to have a two-photon absorption of similar magnitude
to single photon absorption:

Typ. Values 
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Recap: Two-photon absorption
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How to generate a laser power of 860 kW ?

Ans: pulsed laser

power

time

Two-photon absorption
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Multi-photon absorption

A material is transparent at a 
wavelength of
(i.e frequency                     ) but 
can become absorptive at very 
high optical peak powers
  

𝜆1

ℎ𝜈1

ℎ𝜈1

ℎ𝜈1

ℎ𝜈1

When N=2, the process is
called Two photon absorption (TPA)
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𝜏 𝑃𝑎𝑣𝑒𝑟𝑎𝑔𝑒 1/𝑇

Two-photon absorption
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Typical setup for 2-photon polymerization
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Original first demonstration
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Single photon
Absorption (yellow)

2 µm

Exposure time

Pe
ak
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Printed voxel size
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Printed voxel size

Exposure time

Energy per pulse: 𝐸𝑝𝑢𝑙𝑠𝑒 =137 pJ

Pulse duration: 𝜏 =150 fs

𝑃𝑝𝑒𝑎𝑘 =

Numerical aperture NA=1.4

𝑤𝑎𝑖𝑠𝑡 =

Linear scale

Log scale

𝐼 = = 𝐺𝑊/𝑚𝑚2

𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 ∝ 𝐿𝑜𝑔 (𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑖𝑚𝑒)
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Fabrication time depends also on the scanning step

Scanning steps can be smaller to make a 
smooth surface

Hatching
distance

Slicing
distance
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Courtesy of 
NanoScribe
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Example:
20 x 20 x 20 um

2 ms exposure 
Hatching-slicing (x,y,z): 0.15 um.

#𝑝𝑜𝑖𝑛𝑡𝑠 =

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑖𝑚𝑒 =

2 µm

A red blood
Cell for 
comparison
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Although the wavelength is 780nm,
It is possible to make structures
With size 65 nm !!

By adjusting the dose i.e

𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 ∗ 𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑖𝑚𝑒𝑠
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Height Limitation of 3D structures 

DW: Working distance of the microscope objective i.e 
The distance between the objective and the focal distance

18
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Dip-in mode
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Dip-in mode



MICRO – 413 Advanced Additive manufacturing technologies Week 8April 10th 2025

Two-photon polymerization (2PP)
Two-photon grayscale lithography (2GL)
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2GL on Aspherical Singlet and Doublet

22https://doi .org/10.1364/OE.480472

https://doi.org/10.1364/OE.480472
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2GL on Aspherical Singlet and Doublet

23https://doi .org/10.1364/OE.480472

https://doi.org/10.1364/OE.480472
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2GL on Aspherical Singlet and Doublet

24https://doi .org/10.1364/OE.480472

field of view of 60°
deviations 20 nm for the bottom lens
deviations 100 nm for the larger top lens
resolution 645 lp/mm

https://doi.org/10.1364/OE.480472
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How to increase printing speed ?

Single focus

multiple foci

This can be generated by
a DLP for example

Optical power is divided into
as many focis

Fabricated by 550 
projections giving each 5
Foci.

Holographic multi-focus 3D two-photon polymerization 
with real-time calculated holograms – Optics Express 2014

25
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Example: bio-printing

150,000
Voxels/second

Fill factor 1%  15%

18.5 h                       11.5 days

𝑓𝑎𝑏 𝑡𝑖𝑚𝑒 = 𝑓 ∙ 𝑛𝑣𝑜𝑥𝑒𝑙𝑠/#𝑣𝑜𝑥𝑒𝑙𝑠/𝑠𝑒𝑐

Time to print 1 cm3 with 1 micron resolution

5 ms exposure, 3 mW/foci → 200 Hz
750 foci → 2.2 W

26



MICRO – 413 Advanced Additive manufacturing technologies Week 8April 10th 2025

Transparent polymer material
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Photonic Wire bonding 2012

28
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2 Photon Polymerization : glass

Resin: Monomer + PI

Disperse silica nano particles (30% volume) 

Monomer + PI

Monomer + PI

Illuminate 
to polymerize

rinse

”green body”

Silicate nanoparticle embedded in
Polymerized resin 

29



MICRO – 413 Advanced Additive manufacturing technologies Week 8April 10th 2025

”green body”

oven

The silica particles sinter and
the polymer are vaporized by the heat
Leaving only the merged silicate particles

1300oC

2 Photon Polymerization : glass

=2 Photon Polymerization 

500 um

30
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Slicing 5 μm, hatching 1 μm, scan speed 100 mms−1

200 um

Micro glass prints
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500 um

Slicing 5 μm, hatching 1 μm, scan speed 100 mms−1

Micro filter element with 55 um holes

Micro glass prints

32
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Glass micro lenses

Surface roughness  Ra ≈ 6.1 nm
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High precision parts for replication
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2-photon
Printer
By Nanoscribe

At Cmi
BM building

35
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