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As we are required to change to a new normal society over the COVID-19 pandemic, the use cases of
smartphones are diversifying to an extent far beyond our imagination, and people's demand for wireless
communication technology that enables "higher speed, higher capacity, and massive connections" continues
unabated. In this regard, research and development of the next generation Beyond 5G (B5G), i.e., 6G and 7G
are being actively conducted in order to cope with the increasing traffic volume in mobile communications.
However, there is the technological difficulties, called "THz gap," over the entire THz electromagnetic spectral
range due to the fundamental physical limits on both existing electronic and photonic technology. In such a
situation, graphene has attracted considerable attention due to its massless and gapless energy spectrum. This
lecture reviews recent advances in the research for the creation of semiconductor plasmonic functional devices
and their application to the next generation beyond 5G terahertz (THz) wireless communications.

2D electronic and plasmonic THz devices based on graphene-based 2D materials, particularly highlighting the
THz sources and detectors. Carrier-injection pumping of graphene can enable negative-dynamic conductivity
in the THz range, which may lead to new types of THz lasers. The dual-gate graphene channel transistor (DG-
GFET) structure serves carrier population inversion in the lateral p-i-n junctions under complementary dual-
gate biased and forward drain biased conditions, promoting spontaneous incoherent THz light emission. A
laser cavity structure implemented in the active gain area can transcend the incoherent light emission to the
single-mode lasing. We designed and fabricated the distributed feedback (DFB) DG-GFET. A teeth-brash-shaped
DG structure is introduced as the DFB cavity having the fundamental mode at 4.96 THz. Broadband rather
intense (~80 uW) amplified spontaneous emission from 1 to 8 THz and weak (~0.1 uW) single-mode lasing at
5.2 THz were observed at 100K in different samples. When the substrate-thickness dependent THz photon field
distribution could not meet the maximal available gain-overlapping condition, the DFB cavity cannot work
properly, resulting in broadband LED-like incoherent emission. To increase the operating temperature and
lasing radiation intensity, further enhancement of the THz gain and the cavity Q factor are mandatory.
Plasmonic metasurface structures promoting the super-radiance and/or instabilities are promising for giant

THz gain enhancement.

In terms of THz detection, nonlinear nature of graphene plasmons enables drastic enhancement of detection
responsivity that can well outperform any existing room-temperature fast detectors. Recently we
experimentally demonstrated 100-Gbit/s-class fast and sensitive THz detection in an ADGG-GFET utilizing
current-driven plasmonic and photothermoelectric rectification mechanisms.

In the final part, we introduce the double-graphene-layered van der Waals heterostructures to mediate the
photon/plasmon assisted resonant tunneling working for highly efficient THz sources and detectors. Future
trends towards the smarter society based on the 6G and 7G THz wireless communications are also discussed.
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