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Terahertz properties and applications of graphene

Promising applications in many diverse
areas of human endeavor, including
medicine,  biology, = communications,
security, astronomy, and so on, terahertz
technology has recently turned into a very
active area of scientific research. The
terahertz frequency band, usually defined
in the 0.1-30 THz range, was for decades
one of the least explored regions of the
electromagnetic spectrum, mainly due to
the lack of materials and devices
responding to these frequencies in a
controllable manner. Even today, there
exists a need for devices efficiently
manipulating terahertz waves. In this talk |
will discuss the properties of graphene at
terahertz frequencies, in particular how
these can give insight into the materials
quality. Moreover, graphene will be also
discussed as a material for terahertz device
applications and how its unique physical
properties can be harnessed to develop
active terahertz devices and systems.
Several recently proposed terahertz
reconfigurable terahertz  optoelectronic
devices based on graphene will be
discussed, in particular plasmonic and
metamaterial structures. By employing
graphene as the active material, device
design with unprecedented degrees of
freedom, low-cost, and ease of fabrication

is possible, thus leading to a substantial
improvement with respect to the existing
art in terms of controllability of terahertz
waves. Although in the infrared/visible
range the optical absorption of graphene is
only a few percent and scarcely
controllable, its optical conductivity
dramatically increases in the terahertz
range, closely following the DC one, leading
thus to the possibility of efficient electrical
control of terahertz absorption. Moreover,
by combining active graphene layers with
other passive structures augmenting the
intensity of the electric field in graphene, i.e.
in hybrid metamaterial topologies, the
control over terahertz waves can be greatly
enhanced with respect to that in graphene-
alone structures. These devices can be
employed as the building blocks for novel
terahertz systems; for instance single

detector terahertz cameras can be
developed employing arrays of graphene
electro-absorption modulators as

electrically reconfigurable spatial

modulators.

light

15 ’ ABSTRACTS



16 ‘ ABSTRACTS

GrapheneCanada2015

References

(1]

B. Sensale-Rodriguez, “Graphene Based
Optoelectronics,” Journal of Lightwave
Technology 33(5), 1100-1108 (2015).

B. Sensale-Rodriguez, R. Yan, D. Jena, L.
Liu and H.G. Xing, “Graphene for
Reconfigurable THz Optoelectronics,”
Proceedings of the IEEE 101(7), 1705 -
1716 (2013).

K. Yang, S. Arezoomandan, and B.
Sensale-Rodriguez, “The linear and
nonlinear THz properties of graphene”,
Terahertz Science and Technology 6(4),
223-233(2013).

S. Arezoomandan, and B. Sensale-
Rodriguez, “Geometrical tradeoffs in
graphene-based deeply-scaled
electrically reconfigurable
metasurfaces,” Scientific Reports 5, 8834
(2015).

K. Yang, S. Liu, S. Arezoomandan, A.
Nahata, and B. Sensale-Rodriguez
“Graphene-based tunable metamaterial
terahertz filter,” Applied Physics Letters
105(9), 093105 (2014).

B.  Sensale-Rodriguez,  “Graphene-
insulator-graphene Active Plasmonic
Terahertz Devices”, Applied Physics
Letters 103(12), 123109 (2013).

B. Sensale-Rodriguez, S. Rafique, V.
Protasenko, R. Yan, M. Zhu, D. Jena, L.
Liu and H.G. Xing, “Terahertz imaging
employing graphene modulator arrays,”
Optics Express 21, 2324-2330 (2013).

(11]

B. Sensale-Rodriguez, R. Yan, T. Fang, M.
Kelly, K. Tahy, W.S. Hwang, D. Jena, L.

Liu and H.G. Xing, "Broadband
Graphene Terahertz Modulators
Enabled by Intraband Transitions,"

Nature Communications 3, 780 (2012).

B. Sensale-Rodriguez, R. Yan, M. Zhu, D.
Jena, L. Liu and H.G. Xing, “Efficient
terahertz electro-absorption
modulation  employing  graphene
plasmonic structures,” Applied Physics
Letters 101(26), 261115 (2012).

B. Sensale-Rodriguez, R. Yan, S. Rafique,
M. Zhu, W. Li, X. Liang, D. Gundlach, V.
Protasenko, M. Kelly, D. Jena, L. Liu and
H.G. Xing, "Extraordinary Control of
Terahertz Beam  Reflectance in
Graphene Electro-absorption
Modulators," Nano Letters 12, 4518-4522
(2012).

R. Yan, B. Sensale-Rodriguez, L. Liu, D.
Jena, and H.G. Xing, “A New Class of
Tunable Metamaterial Terahertz
Modulators”, Optics Express 20(27),
28664-28671 (2012).

B. Sensale-Rodriguez, T. Fang, R. Yan, M.
Kelly, D. Jena, L. Liu and H.G. Xing,
"Unique prospects for graphene-based
terahertz modulators,” Applied Physics
Letters 99(11), 113104 (2011).



