
PI Berardi Sensale-Rodríguez 

The University of  Utah -  berardi.sensale@utah.edu 

www.terahertzoptoelectronics.org 

THz Optoelectronics research group 



Salt Lake City, Utah, USA 

THz optoelectronics research group @ UofU 



THz optoelectronics research group @ UofU 

 

Graduate students: 
 

Sara Arezoomandan (PhD-ECE) 

MSc. Electrical Engineering,  

University of Tehran (Iran) 
 

Hugo Condori (PhD-ECE) 

MSc. Electrical Engineering,  

Montana State University (USA) 
 

Mehdi Hasan (PhD-ECE) 

MSc. Electrical Engineering,  

University of New Mexico (USA) 

 

Athena Shahrabi (PhD-MSE) 

BS. Materials Science and Engineering,  

Sharif University (Iran) 

 

Alumni: 
 

Kai Yang (MSc-CS, 2014) 

Dr. Berardi Sensale-Rodriguez (PI) 

PhD Electrical Engineering, 

University of Notre Dame (USA) 
 

 

Graduate students: 
 

Xinbo Wang (PhD-ECE) 

MSc. Electrical Engineering,  

Beijing JiaoTong University (China) 
 

Phrashant Gopalan (PhD-ECE) 

MSc. Electrical Engineering,  

University of Pennsylvania (USA) 
 

 

 

 

 

 

 

 

 

Alumni: 
 

James Hirst (MSc-ECE, 2015) 



The THz frequency range 

Berardi Sensale-Rodríguez 

The University of  Utah -  berardi.sensale@utah.edu 



Radio waves vs. optical waves 

Berardi Sensale-Rodríguez 

The University of  Utah -  berardi.sensale@utah.edu 

Today… RF electronics and optical devices 
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Medical imaging 

 

Security 

 

Communications 

 

Spectroscopy 
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Let’s suppose we want to build a THz 

band communications link… 
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www.ieeeusa.org/communications/ia/files/Britz-FCC-19Dec2011.pdf 

Small collecting area 

due to small antenna 

size 
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www.ieeeusa.org/communications/ia/files/Britz-FCC-19Dec2011.pdf 

 

Directivity 

requirements 
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Challenge:  

 

beam steering is 

needed in order to 

establish 

communication 

links! 

www.ieeeusa.org/communications/ia/files/Britz-FCC-19Dec2011.pdf 
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Challenge:  

 

beam steering is 

needed in order to 

establish 

communication 

links! 

Need for devices capable of 

controlling the properties of 

transmitted/reflected THz beam 

 

“Local properties”  metamaterials 

 

 

Which properties?  

 

Amplitude & Phase 



The THz gap 

Berardi Sensale-Rodríguez 

The University of  Utah -  berardi.sensale@utah.edu 

Let’s suppose we want to build a THz 

band communications link… 
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~100dB power 

attenuation @ 10 m 

from the source! 

Need for powerful 

enough sources to 

counteract these 

losses! 

Loss in THz communication links 
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Device efficiency drops at THz frequencies… 



The THz gap 

Berardi Sensale-Rodríguez 

The University of  Utah -  berardi.sensale@utah.edu 

Need for devices: 

 

Efficiently operating at RT 

 

 

Capable of actively manipulating THz waves (modulators, 

switches, active filters, active lenses,…) 

 

 

Capable of responding to THz frequencies (amplifiers, 

oscillators, detectors, switches,…)   

 

 

Other needs:  integration, measurement techniques,  interface, 

etc. 

 

 



optimal 

~λ/20 

Deep-subwavelength THz metamaterials 

Motivation 
• Realize beam shaping employing reconfigurable 

metamaterial phase shifters.   
• What are the best metamaterial geometries? 

We showed (Applied Physics A, 2014) that active 
deep-subwavelength metamaterials can provide 
better tradeoffs than the previous art in terms of 
the figures of merit. 

For beam shaping applications, an ideal metacell 
geometry should simultaneously provide:  

(i) large phase modulation (PM),  
(ii) large transmittance (T), 
(iii)small unit-cell to wavelength ratio (L/λp). 

Two figures of merit related to (i), (ii), and (iii) can 
be defined:   

Later on (Scientific Reports, 2015), we identified 
that the metal coverage fraction is a key 
parameter, which should be optimized, affecting 
the device figures of merit.  

𝑓𝑜𝑀1 =
𝑃𝑀 × 𝑇

360° × [100%]
 𝑓𝑜𝑀2 =

𝐿

𝜆𝑃
 



Reconfigurable THz filters 

Motivation 
• Employing a uniform graphene layer as the 

active element in metamaterial THz filters (as in 
previous works) modulates well the 
transmission amplitude at resonance, but does 
not shift the resonance in frequency. 

• Propose a device structure that can behave as a 
reconfigurable filter. 

We demonstrated (Appl. Phys. Lett., 2014) that by 
employing optimally patterned graphene in 
metamaterials, rather than uniform graphene, 
when altering its conductivity, the resonance 
frequency can be shifted.  

The key parameter to optimize, is the SRR gap 
size, there is an optimal giving the largest 
resonance shift.  

Transmittance versus frequency, when the 
graphene conductivity is altered, for a SRR 
metamaterial structure containing: (left) uniform 
graphene, and (right) patterned graphene) 
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THz amplification in plasmonic devices 

THz lasing in plasmonic structures 


