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My background

Micro- and nanostructures for optics, plasmonics, polaritonics, design, simulation, 
fabrication and characterization, SERS, MEF etc.
https://doi.org/10.1063/5.0037896 , https://www.science.org/doi/10.1126/sciadv.aap8978

https://doi.org/10.1063/5.0037896
https://www.science.org/doi/10.1126/sciadv.aap8978


Strong coupling and polaritons

Polaritons are hybrid particles resulting from strong coupling 
electromagnetic waves (photons) to on electric dipole-
carrying excitation.  

Examples:

‣ EM field + oscillating electrons at metal surface = surface plasmon polaritons
‣ EM field +  exciton (electron- hole pair) = exciton polariton 
‣ EM field + phonons = phonon polariton
‣ Plasmon + exciton = plexciton 
‣ …

 



Strong coupling and polaritons
Low-threshold coherent light sources / polariton lasers — polariton condensation in 
organic dye microcavities can produce coherent emission with much lower thresholds than 
conventional photon lasers, enabling energy-efficient, compact coherent light sources. 
https://www.nature.com/articles/s41598-017-06125-y , DOI: 10.1126/sciadv.1600666 , https://doi.org/10.1364/OPTICA.6.001124

Next-generation displays & ultra-pure emitters — strong light–matter coupling in dye 
cavities gives extremely narrow, tunable emission and high color purity that can be exploited 
for brighter, more color-accurate displays and micro-LED alternatives. https://www.nature.com/articles/s41566-023-
01164-6 

Enhanced energy transfer & long-range excitation transport — polaritons delocalize 
excitations over many molecules, enabling long-range, ultrafast energy transfer and potentially 
improved charge/exciton collection in photovoltaics or light-harvesting assemblies. 
DOI: 10.1039/C8SC01043A

Polaritonic chemistry — control of chemical reactivity and pathways — coupling molecular 
electronic (or vibrational) transitions to cavity modes can modify reaction rates, energy 
landscapes, and branching ratios; dye systems offer convenient chemical functionality to 

explore cavity-modified chemistry. https://www.nature.com/articles/s41467-024-50532-5 , doi: 10.1039/c8sc01043a 

… Ultrafast nonlinear optics & switching and Topological & quantum photonic devices

https://www.nature.com/articles/s41598-017-06125-y
https://doi.org/10.1126/sciadv.1600666
https://doi.org/10.1364/OPTICA.6.001124
https://www.nature.com/articles/s41566-023-01164-6
https://www.nature.com/articles/s41566-023-01164-6
https://doi.org/10.1039/C8SC01043A
https://www.nature.com/articles/s41467-024-50532-5
https://doi.org/10.1039/c8sc01043a


Strong coupling and polaritons

https://doi.org/10.1039/C7NR06917K

https://doi.org/10.1039/C7NR06917K


Strong coupling and polaritons

https://doi.org/10.1039/C7NR06917K

https://doi.org/10.1039/C7NR06917K
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Why couple strongly?
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Strong coupling in cavities
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Strong coupling in cavities
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Measurement systems

https://doi.org/10.1007/978-3-319-16580-6_11
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Strong coupling in cavities
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Lidzey, D. G., & Coles, D. M. (2015). Strong Coupling in Organic and Hybrid-Semiconductor Microcavity Structures. In D. Comoretto (Ed.), Organic and 
Hybrid Photonic Crystals (pp. 243–273). Cham: Springer International Publishing. https://doi.org/10.1007/978-3-319-16580-6_11



Measurement systems

Hulkko, E.; Pikker, S.; Tiainen, V.; Tichauer, R. H.; Groenhof, 
G.; Toppari, J. J.; (2021). Effect of molecular Stokes shift on 
polariton dynamics. The Journal of Chemical Physics, 154, 
154303−154303. DOI: 10.1063/5.0037896.

Figure 1: Schematics of the experimental 
measurement setup and the sample structure

Enhanced spontaneous parametric down-conversion in 
plasmonic and dielectric structures (Ardi Loot ); University of 
Tartu; 2018

Fabrication, characterization and 
application of Fabry-Pérot type 
resonators in the study of strong 
coupled systems (Elizaveta
Dmitrijeva); University of Tartu; 
2024

https://www.etis.ee/Portal/Publications/Display/d82a0b04-fad8-4a46-b15d-67f04e3f5643
https://www.etis.ee/Portal/Publications/Display/d82a0b04-fad8-4a46-b15d-67f04e3f5643
https://www.etis.ee/Portal/Publications/Display/d82a0b04-fad8-4a46-b15d-67f04e3f5643


The Problem and what did we do? 

Cavity fabrication = mirror on substrate + spin coating + top mirror

… if you are fast and setup allows ca 1h+1h+1h=3h for one cavity
‣ When wrong then what?  → ANOTHER 3h for 1 sample
‣ Why not many different cavities on 1 sample at once?



The Problem and what did we do? 

‣ Why not many different cavities on 1 sample at once?

https://doi.org/10.1002/adom.201700029

https://doi.org/10.1002/adom.201700029


The Problem and what did we do? 

‣ Not done for highly doped photoresist material !

https://doi.org/10.1002/adom.201700029

https://doi.org/10.1002/adom.201700029


The Problem and what did we do? 

‣ Not done for highly doped photoresist material !

‣ Why?

‣ High dye concentration → 1 to 15% dye in polymer
‣ Solubility problems
‣ Film quality issues
‣ Reduced photoresist performance
‣ …
‣

Dyes make it more difficult!

https://doi.org/10.1002/adom.201700029

https://doi.org/10.1002/adom.201700029
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Difficult is just difficult! 



Publication soon!

… be prepared!  ☺ 
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THANK YOU & 
SEE YOU AT THE IN TARTU!

www.ut.ee

Siim.pikker@ut.ee

www

Täname!

Thank you!
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