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Stereolithography Two-photon polymerisation 

Background 

•  Single photon absorption 
•  2D patterns 

•  Two photon absorption 
•  3D structures 



2-PP 



Background 

http://www.nanoscribe.de/ 
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Typical monomers for 2-PP 

Pentaerythritol triacrylate Pentaerythritol tetraacrylate 



The world’s smallest fiddle? 



Soft Stimuli-Responsive Materials 



Photo-responsive hydrogels 



Photo-responsive hydrogels 
 

B. Ziolkowski, L. Florea, J. Theobald, F. Benito-Lopez and D. Diamond, Soft Matter, 2013, 9, 8754-8760.  
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Photo-switchable actuators 
Ø  ON/OFF flow modulation 
Ø  photo-control of flow in microfluidic devices 



Reversible Photo-Switching of Flow 
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Off switch On With Albert Schenning and Dirk Broer, TU Eindhoven 

J. ter Schiphorst et al. Chem. Mater., 27 (2015) 5925−5931.   



Set Flow Rate 

Open and Close 

Over shoot 



Closed Loop-PID Control 
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The finished platform is shown in figure 21. The OS boot configuration was altered so 

that no boot text would appear and that the Napes logo would appear on startup, detailed 

description of these are given in the Appendix. 

 

 
Figure 21 

Conclusions & Recommendations  
 

• The final standalone flow control platform described in the previous section of this 

report is the first version of a standalone platform developed.  

• The method of FRP integration was carefully considered and the route taken the 

most robust for the project going forward. 

• The electronics within have been optimized for high accuracy LED control while at 

the same time reducing energy needs as much as possible.  

• It is hoped that the final platform developed provides a solid base for further 

refinement of other aspects of the project.  

• Using Python with the RPi3 a USB driver and PID algorithm could be implement 

efficiently on this platform as well as real-time graphing of flow rates. 

• The RPi3 has Wi-Fi capabilities allowing for wireless connectivity. 
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Hardware 
 
The wiring diagram for the circuit I developed is shown in figure 18. Both the ADS1115 

and the PWM driver board are placed on the same i2c bus with standard hardware 

addressing. 

 

 
 

Figure 18 

 
Note 

1. Photosensitive chip 
2. 750nm LED connected in series to 5V through a 10kΩ resistor 
3. 10kΩ pull-down resistors 
4. Power supply to constant current drivers, 6V-36V 
5. USB connection to FRP hub IC 
6. Rpi3 power supply, 5V 2A 

 
The Pitft sits on top on the RPi3 as a shield and redirects and RPi3 pin stack directly to a 

pi stack on the base of the screen. I soldered a cradle to connect the ADS115 and the 

PWM board to the Pi. The cradle is to be mounted onto the Pitft Pin stack, figure 19. 

  



Repeatable Actuation 

C. Delaney, P. McCluskey, S. Coleman, J. Whyte, N. Kent, D. Diamond, Lab on a Chip, 17(2017) 2013-21. 
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Photo-Responsive Soft Hydrogels 

Walking towards the light 

W. Francis et al. / Sens. Act. B 250 (2017) 608–616 
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Photo-Responsive Soft Hydrogels 
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Sugar-Responsive Soft Hydrogels 



Fabrication of Soft Hydrogel Structures by 2-PP 
Ø  3D Structures 
Ø  High resolution (<µm) 
Ø  Improved diffusion times 
Ø  Improved Swelling/Shrinking Kinetics 
Ø  Improved Response Times 

Requirements for 2-PP: 
Ø  High monomer concentration     good solvents 
Ø  High Thermal Stability 
Ø  Low Vapour Pressure 
Ø  Tunable Viscosity 



2PP in Real Time of 
Soft Materials 
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50 µm 50 µm 

Soft structures 



‘Daisy’ – Micro/Nano Scaled Pores 
Structure 
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Stimuli-responsive actuators produced by 2PP 
 

Stimulus 



Biomimetic 
structures 

 

Stimuli-responsive sensors produced by 2PP 
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Photonic Crystals 
Altered wavelength of 
reflectance due to change in 
structure’s dimensions (d) 
caused by a stimulus! colour 
change. 

           (i)                                            (ii) 

x 

y 

z

Wavelength of reflectance of this 
3D structure is governed by the 
distance between its layers !  
Gives structure a specific colour.  Photonic Crystals for Chemical Sensing and Biosensing, Angew. 

Chem. Int. Ed. 2014 , 53, 3318 – 3335. 



Periodic Hydrogel Structures 



Biomimetic structures - butterfly 

10 µm 

10 µm 



Structure Development 



Designing maneuverable micro-swimmers  
actuated by responsive gel 

Masoud, H., Bingham, B.I. and Alexeev, A., Soft Matter, 2012, 8(34), pp.8944-8951. 



Micro-swimmers actuated by responsive gel 
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