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3D Piezo stage

s v

Ultra fast laser
(sub-ns to fs)

confinement of the polymerization to the
focal point / voxel (resolution A/10)
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Two Photon Stereolithography (TPS)
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Commercial set-ups

Scanning unit based on

User friendly Microscope Optics cabinet with pivoted

galvo mirrors

software package

docking station all necessary optics

Turn-key
NIR fiber laser

Nanoscrib

Microlight3D

Positioning system
(motorized stage +
_piezo stage)

Microscope with
_______autofocus system

High-sensitivity
microscope camera

Self-leveling vibration
isolation frame with
optical breadboard

Electronics rack with
__controllers and PC
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TPS Resolution
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e Resolution

S. Kawata, Nature 2001, 472, 697-698.
Rés: abs. biphoton. Rx,y = 120 nm
A=780nm,A /6.5
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=>»Resolution due to optical and chemical confinement of the photoreaction
Key role of chemistry = Nanophotochemistry (inhibition of radical polymerization by oxygene, diffusion controlled reaction)
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TPS Resolution
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® Resolution

S. Kawata, Nature 2001, 472, 697-698.
Rés: abs. biphoton. Rx,y = 120 nm
A=780nm,A /6.5

Perry, Marder, Opt. Exp. 2007, 15, 3426-3436.
Rés: abs. biphoton. Rx,y = 65 nm
A=520nm, A /8

=>» Lower resolution due to optical (irradiation wavelength) and chemical strategies
Key role of chemistry = Molecular engineering (design & photophysical characterization of photoinitiator)
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Two-photon Polymerization

State of the art:

e Resolution

S. Kawata, Appl. Phys. Lett. 2007, 90,
Rés: abs. biphoton. Rx,y = 80 nm
A=800nm,A/ 10

S. Kawata, Nature 2001, 472, 697-698.
Rés: abs. biphoton. Rx,y = 120 nm
A=780nm,A /6.5

Perry, Marder, Opt. Exp. 2007, 15, 3426-3436.
Rés: abs. biphoton. Rx,y = 65 nm
A=520nm, A /8

=>»Resolution due to optical and chemical confinement of the photoreaction
Key role of chemistry = Nanophotochemistry (inhibition of radical polymerization by additive, diffusion controlled reaction)
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Two-photon Polymerization

State of the art:

e Resolution

S. Kawata, Appl. Phys. Lett. 2007, 90,
Rés: abs. biphoton. Rx,y = 80 nm
A=800nm,A/ 10

S. Kawata, Nature 2001, 472, 697-698.
Rés: abs. biphoton. Rx,y = 120 nm
A=780nm,A /6.5

Perry, Marder, Opt. Exp. 2007, 15, 3426-3436.
Rés: abs. biphoton. Rx,y = 65 nm
A=520nm, A /8

Excitation ~ Deactivation Both
beam beam beams

Rés: abs. biphoton. Rx,y =40 nm
Rz =40 nm =» A =800 nm, A / 20



IO M
lJ&alvVL

Institut de Science

des Materiaux de Mulhouse

)
%

T
>

G ‘“
(I

¢

Two-photon Polymerization

pr ;’*‘,_. High resolution 3D Microfabrication

e Resolution sub-100 nm

3D Microfabrication by two-photon absorption = two-photon stereolithography (TPS)

® cnergy threshold in polymerization

to the focal point / voxel

® non linear effect due to multiphoton absorption } confinement of the polymerization

(inhibitor: oxygene, amine)

3D piezo stage

(pseudo-STED)

Ultra fast laser
(sub-ns to fs) (A,)

L

Phase mask «

(spatial phase shaping)

Laser

(resolution A/10)

Photoexcitation

Fourkas et al. Science 2009
Achieving A/20 Resolution

=>» Axial resolution of voxel : 600 nm a 40 nm



STED Lithography and derivatives
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e Resolution =™ e New concepts (STED, RAPID, 2PII...)

(@) STED lithography
=> Polymerization involves T,

D
i v — —
= "ﬁ?“ = => Control of the population of intermediate state
£ T, Y
=3 R* v RM*
=1 " gross-linked
S, g polymer
g Current challenges:
(b) RAPID lithography e Instrumentation issues

non-radiative decay
or non-initiating product
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e Memory Photoresist = consumption of
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(€) 2P lithography (photoinhibitor)
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polymer e Unravelling the photophysic & photochemistry
behind TPS & STED-like lithography
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