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2 Photon printing
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Recap: Two-photon absorption “PrL

Excitation by two
photons is confined to
a volume very close to
focus where intensity
is highest, giving rise

to pinpoint 3D
resolution

Excitation by one photon

results in absorption
along the entire path of the
laser beam in the cuvette.
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Two-photon absorption
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A =800nng = C/Hi) have a combined

Example: 2 photons infrared of wavelength
energy of £ = 2hJ1 and can produce absorptionatu, « 2t (1, - C/v.
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In terms of absorption for the light intensity
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Recap: Two-p/hoton absorption
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Two-photon absorption “P-L
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How to generate a laser power of @@ kw ?

Ans: pulsed laser
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Multi-photon absorption

A material is transparent at a
wavelength of A, | AVyc€)
(i.e frequency~J, = Q/?i ) but
can become absorptive at very
high optical peak powers

When N=2, the process is
called Two photon absorption (TPA)
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Two-photon absorption “P-L
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Typical setup for 2-photon polymerization
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Original first demonstration EPFL

OPTICS LETTERS / Vol. 22, No. 2 / January 15, 1997

Three-dimensional microfabrication with
two-photon-absorbed photopolymerization

Shoji Maruo, Osamu Nakamura, and Satoshi Kawata
Department of Applied Physics, Osaka University, Suita, Osaka 565, Japan
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method. The light source that we used for the two
photon absorption was a mode-locked Ti:sapphire lase:
whose oscillating wavelength, pulse width, repetitior
rate and peak power were 790 nm, 200 fs, 76 MHz
and |5 respectively The Ti:sapphire laser wa:
excited by an Ar-ion laser of 8-W average power. Th«

beam of the laser was focused into the resin with ar
objective lens whose|N.A. was 0.85.| A stage support

1.3pm

Aprll 10th 2025 MICRO — 413 Advantcu nuuiuve HianuiacLuiiigg Leu nivivgic Week 8 11



Printed voxel size

Single photon
Absorption (yellow)

Exposure time

TPA-P (arbitrary units)
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Printed voxel size

Energy per pulse: Epy15e =137 pJ

Pulse duration: 7 =150 fs 0.4
S Epuise 137 -10712
peak T 150-10"15 &
=910 W (10 mW average power) =
s 0.3
Numerical aperture NA=1.4 T
ot — o L 066-08-10"5
warst =505 Na T 14 Do
= 0.37 um ]
P
[ = —Peak > = 2.1 GW /mm?
T - waist
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Fabrication time depends also on the scanning step

Slicing
distance

‘

Hatching
distance

Scanning steps can be smaller to make a

smooth surface
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Challenge in high-precision 3D printing ”
Staircasing vs. printing speed

reeg

Courtesy of
NanoScribe

2PP with coarse slicing 2PP with fine slicing 2GL® with coarse slicing
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Example:
20x20x20um A red blood
Cell for

2 ms exposure comparison

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

203

0.153
Exposure time = 1h 20 min

= 2.4 million

H#points =

If only the outer shell of the bull is
Printed, the number of points can b
Reduced.

The authors printed it in 13 minutes
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