
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

Terahertz/infrared waveguide modulators using graphene metamaterials

Khromova, I.; Andryieuski, Andrei; Lavrinenko, Andrei

Publication date:
2014

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Khromova, I., Andryieuski, A., & Lavrinenko, A. (2014). Terahertz/infrared waveguide modulators using
graphene metamaterials. Abstract from DAYS on DIFFRACTION 2014, St. Petersburg, Russian Federation.

https://orbit.dtu.dk/en/publications/d4dc37b6-e5d0-40ce-8eff-1a43f78e444f


DAYS on DIFFRACTION 2014 1

Terahertz/infrared waveguide modulators using graphene metamaterials

Khromova I.
Public University of Navarra, campus Arrosadia, Pamplona, Navarra, E31006, Spain
e-mail: irina.khromova@unavarra.es

Andryieuski A., Lavrinenko, A.
Technical University of Denmark, Oersteds pl. 343, Kongens Lyngby, DK-2800, Denmark
e-mail: andra@fotonik.dtu.dk, alav@fotonik.dtu.dk

Active developement of terahertz (THz)/ infrared (IR) science and technology has created a grow-
ing demand for new electronic and quasi-optical devices. In particular, the promising opportunities
for broadband high-speed terahertz communication require new techniques for real-time manipulation
of radiation. Extrodinarily high carrier mobility [1] and pico-second-scale photocarrier generation and
relaxation [2] have attracted attention to graphene as an active material for high-speed modulation
solutions at various frequencies.

We study and classify the electromagnetic regimes of multilayer graphene/dielectric artificial
metamaterials in the THz/IR range. Placed inside a hollow waveguide (Fig. 1), they provide high-
speed modulation of radiation and offer novel concepts for terahertz modulators and tunable filters.
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Fig. 1: Above: Graphene metamaterial inside a hollow waveguide. The arrows show the TE10

mode profile. Below: Electric fields in graphene/CsBr metamaterial modulator in the ON-
and OFF-states. The modulating section is coupled to input/output NaCl-filled waveguides.

We demonstrate an efficient, compact and ultrasensitive modulation at high-THz frequencies
around the CO2 laser emission line (30 THz) and analyse three examples of resulting tunable devices.
The first one is a modulator with excellent ON-state transmission and very high modulation depth:
> 38 dB at 70 meV graphene’s electrochemical potential (Fermi energy) change (Fig. 1). The second
one is a modulator with extreme sensitivity towards graphene’s Fermi energy - a minute 1 meV
variation of the latter leads to > 13.2 dB modulation depth. The third one is a tunable waveguide-
based passband filter. The narrow-band cut-off conditions around the ON-state allow the latter to
shift its central frequency by 1.25% per every meV graphene’s Fermi energy change. We believe that
graphene-dielectric multilayer composites will constitute a useful functional element for the THz-IR
waveguide-integrated devices.
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