Advanced electromagnetic structures for energy concentration in fluidic biophysical
applications (PhD program - Physical Engineering)

The work will focus on the design, fabrication, optimization and experimental verification of
planar electromagnetic (EM) structures (GHz - sub-THz) for spatially precise delivery and
deposition of energy into aqueous microvolumes (pL—uL) in microfluidic chips compatible with
optical microscopy. The goal is to create platforms enabling reproducible and quantifiable local
EM exposure in a defined active zone for research into the influence of EM field/energy on
biophysical and biomolecular processes (motor proteins, cytoskeleton, protein—protein interactions
and related reaction and transport processes), while minimizing unwanted effects on the
environment. The work will include the development of local dosimetry and calibration methods
(e.g. fluorescent reporters), the connection of EM simulations with the experiment and the inverse
design of EM structure to maximize absorption and desired effect in the liquid sample. The results
of the work will contribute to a deeper understanding of the interaction of the electromagnetic field
with biological matter.
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Microfluidic and microwave microstructures from [1] and [2].
References

1. Krivosudsky, Ondrej, Daniel Havelka, Djamel Eddine Chafai, and Michal Cifra. “Microfluidic
On-Chip Microwave Sensing of the Self-Assembly State of Tubulin.” Sensors and Actuators B:
Chemical 328 (2021): 129068. https://doi.org/10.1016/j.snb.2020.129068.

2. J. Havli¢ek, D. Havelka, and M. Cifra, “Metal pattern-based planar sub-THz filter in coplanar

waveguide on optically transparent substrate,” Sci Rep, vol. 15, no. 1, 33167, 2025, doi:
10.1038/s41598-025-15178-3.

3. Chafai, Djamel Eddine, Vadym Sulimenko, Daniel Havelka, Lucie Kubinova, Pavel Draber, and
Michal Cifra. “Reversible and Irreversible Modulation of Tubulin Self-assembly by Intense
Nanosecond Pulsed Electric Fields.” Advanced Materials 31, no. 39 (2019): 1903636.
https://doi.org/10.1002/adma.201903636.

4. Zhang, Shubin, Ye Fan, Yufei Ma, et al. “Bound States in the Continuum: From Fundamental
Physics to Emerging Photonic Paradigms.” iScience 29, no. 2 (2026): 114803.
https://doi.org/10.1016/].is¢i.2026.114803.

5. Garcia-Vidal, Francisco J., Antonio I. Fernandez-Dominguez, Luis Martin-Moreno, et al. “Spoof
Surface Plasmon Photonics.” Reviews of Modern Physics 94, no. 2 (2022): 025004.
https://doi.org/10.1103/RevModPhys.94.025004.



https://doi.org/10.1016/j.snb.2020.129068
https://doi.org/10.1038/s41598-025-15178-3
https://doi.org/10.1002/adma.201903636
https://doi.org/10.1016/j.isci.2026.114803
https://doi.org/10.1103/RevModPhys.94.025004

