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Abstract 

The optical response of epsilon-near-zero (ENZ) 
materials has been a topic of significant interest in the 
last few years as the electromagnetic field inside media 
with near-zero permittivity has been shown to exhibit 
unique optical properties, including strong 
electromagnetic wave confinement, non-reciprocal 
magneto-optical effects, and abnormal nonlinearity. 
These ultrathin ENZ materials are promising for the 
enhancement of quantum emission for optical sensing 
and enhanced absorption/emittivity for energy 
harvesting. 

This talk will review our recent development on a gate-
tunable conducting oxide epsilon-near-zero 
metasurfaces [1-5]. I will present our recent 
development on the use of gate-tunable materials, 
transparent conducting oxides, to demonstrate an 
electrically tunable ultrathin ENZ perfect absorber 
enabled by the excitation of ENZ modes. In addition, I 
will present the active control of emissive properties of 
quantum emitters and enhanced optical nonlinearity in 
hybrid ENZ-plasmonic heterostructures.  

Acknowledgements 

This work was supported in part by the Young Faculty 
Award Program from Defense Advanced Research 
Projects Agency (grant number N66001-17-1-4047), 
AFOSR-AOARD (Award number: FA2386-18-1-
4099), and the Robert A. Welch Foundation (Award 
number: AA-1956-20180324). 
 

References 
[1] Y. W. Huang, H. W. Lee, R. Sokhoyan, R. Pala, K. 

Thyagarajan, S. Han, D. P. Tsai, and H. A. Atwater, “Gate-
tunable conducting oxide metasurfaces,” Nano Lett. 16, 5319-
5325 (2016). 

[2]  A. Anopchenko, L. Tao, C. Arndt, H. W. Lee, “Field-effect 
tunable and broadband Epsilon-near-zero perfect absorbers 
with deep subwavelength thickness,” ACS Photonics 5, 2631 
(2018). 

[3]  A. Anopchenko, S. Gurung, L. Tao, C. Arndt, H. W. Lee, 
“Atomic Layer Deposition of Ultra-thin and smooth Al-doped 
ZnO for Zero-Index Photonics”, Materials Research Express, 
5, 014012 (2018). 

[4]   K. Minn, A. Anopchenko, J. Yang, H. W. Lee, “Excitation of 
epsilon-near-zero resonance in ultra-thin indium tin oxide 
shell embedded nanostructured optical fiber,” Nature 
Scientific Reports 8, 2342 (2018). 

[5]   J. Yang, I Ghirmire, P. C. Wu, S. Gurung, C. Arndt, D. P. 
Tsai, H. W. Lee, “Photonic crystal fiber metalens”, 
Nanophotonics 8, 443-449 (2019). 
 


