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Microfluidics integration for multi-functional platforms

NEXT GENERATION MICRO-FLUIDICS
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Shape-changing microstructures for multifunctional
microfluidics

* Responsive materials : Light-driven Liquid crystalline networks

* Direct laser writing for 3D integration on different substrates

* Microrobots moving in dry and liquid environments

* Photonic structures : the role of water in the tuning mechanism

* Encoding information in 3D printed microstructures for smart labels

* BioQantSense : Preliminary results of 3D micro printing in PDMS
channels
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liquid crystals and liquid crystalline networks

Liquid crystals Liquid crystalline networks
crosalinkes temperature
electric field
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two-photon direct laser writing (TP-DLW)

Two-photon absorption polymerization for 3D (or 4D) nano patterning

Two photon excitation

Sample
Power

[ | meter

Single photon excitation
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two-photon direct laser writing (TP-DLW)

Glassy resists

biomimetics

kinoform optics tissue engineering

. metamaterials
6

microfluidics connectors

pharmaceutics

photonics
R
- <

microrobotics Sensors
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two-photon direct laser writing (TP-DLW)

Solid

b
macromolecules
3D arbitrary
atternin
& S Second photoresist
/’
monomer y £ ¥
f Ellipsoida*f voxel ' \
b IS |
I F e |
Point by point
- L laser writing
1¥" fabrication step 2" (possible) fabrication step
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liquid crystalline network: alignment control and

motion
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Microrobotics in dry environment: a micro-walker
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H. Zeng et al., Adv. Mater. 2015, 27.26: 3883 9



Microrobotics in dry environment: a micro-hand

20 pm 20 um
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D. Martella, S. Nocentini et al., Adv. Mater. 2017, 29.42: 1704047; 10



Microrobotics in dry environment: a micro-hand
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Laser intensity under activation

threshold: Autonoumous operatlon
- —~ —X Lt L B A = :
D. Martella, S. Nocentmlet aI Adv. Mater. 2017, 29.42: 1704047,




Microrobotics under-water: a micro-hand

0.,=0.028 W/m*K o = 0.598 W/m*K at 20 °C

LASER OFF LASER ON LASER OFF LASER ON
Activation Power : 30 mW 150 mW

- . 4 % O A 0 Kt = 1  fI0 § = MWLM =
D. Martella, S. Nocentmlet aI Adv. Mater. 2017, 29.42: 1704047;




3D polymer photonics

Glassy resists

Ordered and disordered photonic crystals Optical and photonic components for integrated circuits

a) Nat. Mater. 2004 3, 444, b) Adv. Opt Mater. 2014 2, 115. c) Adv. Mater. 2011, 23, 3018. d)Adv Opt. Mater. 2014 2,226. e) Nat
Photonics 2018, 12, 241. f) Opt. Express 2012, 20, 17667. g) Light: Sci. Appl. 2014, 3, e175. h) Sci. Rep. 2013, 3, 1577. 13



reconfigurable polymer photonics

Stimuli-responsive polymers for dynamic reconfiguration

1O P 0 o~ e
i’ Hydrogel-based % Liquid Crystalline X Composite

Microstructures Microstructures Microstructures
Photoresists: Photoresists: Photoresists:
- Acrylate-based - Liguid crystalline - Acrylate-based monomers
hydrogels monomers (+ post-metallization)
- Acrylamide-based - Dispersion of acrylate-
hydrogels based monomers and
- Protein systems magnetic NPs
Applications: Applications: Applications:
- Soft Microrobotics: - Microrobotics - Microswimmers
microactuators, microgrippers - Tunable optics - Microobject manipulation
- Microfiuidics - Drug and cell delivery
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4D polymer photonics

Responsive resists
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liquid crystalline networks for photonics

Optically controlled 3D

A light tunable microlaser photonic circuits A light controlled beam steerer
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light controlled beam steering in air and under-water

Finite element method calculations

Air

Water
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Pros (and cons) of LCN in water
- Sub-millisecond actuation
- Anisotropic deformation

- Smaller deformation

Experimental characterization
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temperature responswe photonlc crystals
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I. De Bellis, S. Nocentini, et al., “Temperature Tunable 4D Polymeric Photonic Crystals.” Adv. Funct. Mater, 2213162, 2023. 18



temperature responswe photonic crystals
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temperature responswe photonic crystals
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temperature responsive photonic crystals

1.2
g 1.15 -
= m
c
a@
% 1.1
g $
S 105
T )
K]
20 40 60 80 100 120
Temperature
1,0 T
c —30°C d
——50°C (heating cycle) 0.9
- 099 ___30°c (after cooling)
o 0.8
g 08 07
= 0.2 v '
c
@ 074 06
'_
B o6 § 05
£ g 0.1 { o4
S . =
2 05 8 03
0, : 0.5 1
04 - : i | ! 0.2
50 nm or Y 1 0.1
03 T T
1400 1500 1600 1700 1200 1320 1440 1560 1680
Wavelength (nm) Wavelength (nm)

Al A E =" 680 'R0 I Il I T 608 N= "= AT
I. De Bellis, S. Nocentini, et al., “Temperature Tunable 4D Polymeric Photonic Crystals.” Adv. Funct. Mater, 2213162, 2023. 19



modulation of the LCN shape changing properties

A. Chemical approach : changing the LC crosslinker substituent
B. Physical approach : tuning the lithographic parameters (laser power, scanning speed), “grey-scale” approach

GOAL : Active elements with different deformations (under a constant stimulus)
using a single LCN formulation
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modulation of the LCN shape changing properties
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