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ABSTRACT
An on-chip modulator-integrated graphene-based plasmonic nano-
generator that operates in the terahertz band is presented. The de-
vice is based on a gated High Electron Mobility Transistor (HEMT).
The use of graphene as the 2-Dimensional Electron Gas (2DEG)
channel allows room temperature operation of large plasmonic
oscillations which are highly tunable over a broad frequency range
(1 to 2 THz). By implementing asymmetric boundary conditions at
the source and drain, known as the Dyakonov-Shur (DS) instabil-
ity, accelerated electrons excite plasmonic waves which reflect at
the drain side of the channel. This induces Surface Plasmon Po-
lariton (SPP) waves on the gate, which results in electromagnetic
radiation in the THz region. By dynamically tuning these bound-
ary conditions, the device operates with an integrated modulator.
The device is numerically modeled and analyzed using an in-house
developed multi-physics finite-difference platform based on the
Hydrodynamic Model (HDM) for ballistic transport and Maxwell’s
equations for calculating the electromagnetic fields. After steady
state is reached, the numerical analysis shows a clean waveform
is possible with amplitude and frequency modulation capabilities.
This device offers for the first time and in a compact form factor
integrated generation, modulation and radiation functionalities.

CCS CONCEPTS
• Hardware→ Plasmonics.
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1 INTRODUCTION
The demand for faster internet has made a prominent impact on
terahertz-band (0.1 to 10 THz) communication research over recent
years, including the development of THz transceivers and anten-
nas [1], propagation and channel models [2], and beyond-5G and
towards-6G networking solutions [3], to name a few. Data rates
of hundreds of Giga- and even Tera-bits-per-second (Tbps) will
be required in the near future to provide sufficient internet to the
increasing number of users. This is achievable onlywith larger band-
widths, which are easily available in the THz spectrum. While path
loss phenomena such as molecular absorption and power spreading
may divide the usable spectrum into smaller transmission win-
dows at distances of tens of meters, these available windows offer
bandwidths on the order of hundreds of GHz. At distances in the
kilometer range, the performance is drastically impacted but several
proposed approaches have been able to combat this issue [4, 5].

By tapping into the THz spectrum, many useful applications are
achievable in the macro and nano scales, ranging from communica-
tion networks to imaging sensing applications. As data rates from
fiber optic cables have increased drastically over the past few years,
reaching the Pbps range [6], the demand for high speed wireless
transmission continues to increase in which THz communication
networks could help eliminate this bottleneck. At under 10 m, small
cells and cell-free massive MIMO networks are proposed to drive
the upcoming 6G networks reaching Tbps-level throughput [7]. In
addition, long-distance sub-THz communication is achievable in
[8, 9] reaching data rates of several Gbps.

Several nanoscale THz communication network applications
have been proposed, including intrabody communication links for
health monitoring, medical implant communication, and disease
diagnosis/treatment [10]. Others include wireless network-on-chip
for communication- and computation-intensive applications [11].

https://doi.org/10.1145/3477206.3477446
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THz imaging and spectroscopy applications include non-metallic
and metallic concealed weapon detection, explosive compound
detection, pharmaceutical quality control, biology/medicine, and
more [12].

Many THz sources have been developed in recent years [1], but
in this paper we direct our focus to on-chip plasmonic resonant
generators as they offer a compact structure needed for nanoscale
applications. The most common field effect transistor (FET) de-
vices are based on High Electron Mobility Transistors (HEMTs)
which use III-V, III-N, and graphene for the 2-Dimensional Electron
Gas (2DEG) channel. A similar device with room-temperature op-
eration at 0.75 to 2.1 THz tunability is proposed in [13] using an
Aluminum Gallium Nitride/Gallium Nitride-based HEMT. By us-
ing a Dual-Grating Gate (DGG) system we can potentially develop
a device such as in [14] which is a InGaP/InGaAs/GaAs and/or
InAl/InGaAs/InP based HEMT, offering room-temperature opera-
tion at 1 to 6 THzwith up to 1 𝜇W output power. The problem with
these DGG devices are the high complexity in fabrication, relying
on extremely precise methods.

2D structures that leverage graphene for the support of THz gen-
eration have also been proposed. For example, in [15] a graphene-
gated HEMT with a III-V semiconductor channel is proposed. The
plasma waves in the channel cavity are not directly radiated, but
rather used to induce propagating Surface Plasmon Polariton (SPP)
waves on the graphene surface. An external antenna is required,
where the propagating SPP wave excites a graphene-based plas-
monic nano-antenna, such as in [16]. By replacing the graphene
gate with a metallic gate, such as in [17], we obtain a radiating
plasmonic source.

In this paper, we develop the state-of-the-art multi-physics finite-
difference simulation platform for numerical modeling a room-
temperature operating on-chip THz plasmonic generator, and present
the simulation results for numerical analysis. More specifically,
the device is composed of a metallic-gated HEMT consisting of a
graphene-layer 2DEG channel. By replacing the previously men-
tioned device’s III-V channel with graphene, a higher 2D electron
mobility is observed even at room temperature, offering larger well-
defined plasmon resonances with a higher degree of tunability,
allowing built-in modulation capabilities. The simplicity of source
and modulation integration to the plasmonic device promotes its
uniqueness from today’s cutting edge THz generators. The device
may be viewed of as a tunable generator, modulating source, or
up-converter, as a waveform in the GHz range is input to the device
and a modulated THz signal is produced. It can be shown from
[18] that a graphene-based structure may be incorporated in our
plasmonic generator to introduce phase modulation, allowing the
development of a fully robust nano-transceiver ready for many THz
applications such as macro and nano communication networks as
well as spectroscopy and imaging.

The remainder of the paper is organized as follows. In Section 2,
the proposed device is described along with the working principles
and theory. Section 3 explains the numerical simulation platform for
the device. The results from the platform are then discussed in sec-
tion 4 for steady-state analysis as well as amplitude and frequency
modulation. Finally, we conclude the paper in section 5.

2 DEVICE STRUCTURE AND THEORY OF
OPERATION

Our proposed HEMT is composed of a 𝐿 = 1 𝜇m graphene channel,
modeled as a 2DEG, sandwiched between two dielectric slabs of
SiO2 with a relative permittivity of 3.8. The top and bottom dielec-
tric slabs have a corresponding depth of 20 nm and 400 nm. Two
metallic contacts are placed along either side of the device which
correspond to the source and drain contacts, with a third 1 𝜇m
metallic gate above the top dielectric slab which spans across the
entire channel length, as shown in Figure 1. The HEMT device’s
resonant cavity is able to sustain plasmonic oscillations under the
boundary conditions Dyakonov-Shur (DS) instability [19]. A cur-
rent source is connected from the drain to source contacts, while
a voltage source is connected from the gate to source contacts,
in order to implement the DS asymmetric boundary conditions.
The magnitudes of the constant DC supply from either source cor-
relates either the device’s operating frequency or its amplitude.
Thus, an additional temporal variance to either source incorporates
frequency or amplitude modulation into the plasmonic generator.
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Figure 1: The proposed THz plasmonic device with a
graphene channel.

The DS instability can be implemented in the device under
asymmetric boundary conditions, specifically a zero-impedance
AC-short circuit at the source and an infinite-impedance AC-open
circuit at the drain. The voltage is held constant at the source, and
the current is held constant at the drain. As the plasmons travel from
source to drain under the current bias, these incident SPP waves
experience a reflective gain due to the open circuit boundary con-
dition. Alternatively, the reflected SPP waves undergo reflection at
the short-circuit boundary without gain. After a small initial ”kick”
is given to the channel, represented by a small variation in current,
the plasmonic oscillations travel back and forth inside the reso-
nant cavity until steady state is reached, in which a quarter-wave
plasmonic waveform continually oscillates in the cavity without
experiencing any further gain. A higher drift velocity results in a
higher reflective gain from the open-circuit boundary in the tran-
sient response, which ultimately leads to a shorter time for the SPP
waves to reach steady state oscillations.
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The device geometry and input parameters are limited by a few
conditions in order for the instability to occur in the resonant cav-
ity. First, the electrons which travel from the source to the drain
at a velocity 𝑣 must be able to reach the drain. This condition is
met when 𝑣 > 𝐿

𝜏 , where 𝜏 is the electron momentum relaxation
time. This ensures the plasmonic oscillations reach the drain, where
reflections occur, before the signal dies. The electron drift velocity
is further bounded by the limit 𝑣 ≪ 𝑣𝐹 , where 𝑣𝐹 = 1.5 × 106 ms−1
is the Fermi velocity in the graphene 2DEG channel. At higher
drift velocities, modeling equations break down as they become
non-linear, and such high currents are not supported in the HEMT.
Lastly, the condition 𝜔𝜏 > 1 allows the finite electron momentum
relaxation time to appear infinite to the system, thus the fundamen-
tal frequency and all higher harmonics resonate in the cavity.

3 MULTI-PHYSICS PLATFORMMODELING
EQUATIONS

A carefully chosen and vigorously fine-tuned model has been de-
veloped for the simulation platform of the plasmonic source. This
state-of-the-art in-house finite difference platform is able to cap-
ture the physics of the proposed plasmonic device, offering reliable
data for highly accurate numerical results. Specifically, the hydro-
dynamic model is able to capture ballistic transport phenomena
within the device channel, while Maxwell’s equations allow us to
accurately calculate the electromagnetic field within and produced
by the device. The sets of equations are discretized using Finite-
Difference Time-Domain (FDTD) method, in which each cell has a
set of parameters such as conductivity 𝜎 , permittivity 𝜖 , etc. Along
the 2D channel, both Maxwell’s and Hydrodynamic Model (HDM)
equations are used for each cell, in which the resulting current from
the HDM solver is used in Maxwell’s equations, and the electric
field values solved by Maxwell’s are used in the HDM. It is wor-
thy to note that since the device is uniform along the z-axis from
Figure 1, only the 2D cross section of the HEMT is modeled.

3.1 Hydrodynamic Model
The HDM uses two main variables, namely, the electron density
𝑛 and the electron current density 𝑗 , each of which take on the
average value associated to its cell. We relate the two parameters
to the electron velocity via 𝑗 = 𝑛𝑣 . As the boundary conditions
for the DS instability require an AC-short circuit at the source
and an AC-open circuit at the drain, we implement this in the
simulation platform via 𝑛𝑥=0 = 𝑛0, and 𝑗𝑥=𝐿 = 𝑗0, where 𝑛0, 𝑗0, and
𝑣0 are the initial electron density, particle current density, and drift
velocity values set across the device channel. This corresponds to
the constant voltage held at the source and the constant current held
at the drain, as shown in Figure 1. Before the simulation runs, we
initialize a small ”kick” in the current density at random locations
along the channel in order for oscillations to begin, otherwise the
device remains in a dormant state.

The two main HDM variables are updated using two equations,
namely the continuity and Euler equations, obtained from the first
two moments of the Boltzmann equation (a full derivation of the
model is given in [20]). The continuity equation is given by

𝜕𝑛

𝜕𝑡
= − 𝜕 𝑗

𝜕𝑥
. (1)

The next term we update is the particle current density 𝑗 , given
by the Euler equation

2 − 𝐵2 (𝑥, 𝑡)
2

𝜕 𝑗 (𝑥, 𝑡)
𝜕𝑡

+
𝑣𝐹

(
1 − 𝐵2 (𝑥, 𝑡)

)5/4
√
𝜋ℏ

√
𝑛(𝑥, 𝑡)𝑒𝐸𝑥 (𝑥, 𝑡)+

( 𝑗 (𝑥, 𝑡) − 𝑛(𝑥, 𝑡)𝑣0)
(
1 − 𝐵2 (𝑥, 𝑡)

)5/4
𝜏

√
𝑛0

𝑛(𝑥, 𝑡) +

𝑣2
𝐹

2

(
1 − 2𝐵2 (𝑥, 𝑡)

) 𝜕𝑛(𝑥, 𝑡)
𝜕𝑥

+ 𝑣𝐹𝐵(𝑥, 𝑡)
𝜕 𝑗 (𝑥, 𝑡)
𝜕𝑥

= 0 ,

(2)

where 𝐵(𝑥, 𝑡) = 𝑣 (𝑥,𝑡 )
𝑣𝐹

is the dimensionless local drift velocity. The
second term is the field equation which has the input 𝐸𝑥 from
Maxwell’s equations, followed by the collision term which intro-
duces the effects of scattering from phonons and impurities within
the 2DEG channel. Following, we have the pressure term which
uses a previously calculated 𝜕𝑛 (𝑥,𝑡 )

𝜕𝑥 , and lastly we have the con-
vective term. In order to improve accuracy, it is best to update the
first four terms of the Euler equation, then compute 𝜕𝑗 (𝑥,𝑡 )

𝜕𝑥 using a
weighted upwind scheme, followed by the last convective term in
the Euler equation.

We briefly introduce the plasma velocity 𝑣𝑝 , representing the
velocity of plasma waves within the graphene electron fluid [21],

𝑣𝑝 =

√
𝑣2
𝐹

2 +
𝑒2
√
𝑛0𝑑𝑣𝐹√
𝜋𝜖ℏ

. (3)

As the plasmonic oscillations are the dominant mechanism for the
THz signal generation, we can directly relate 𝑣𝑝 to the device’s
resonant fundamental frequency via a simplified formula

𝑓0 =
𝑣𝑝

4𝐿 , (4)

for quarter-wave plasmonic cavity resonance due to asymmetric
boundary conditions. For symmetric boundary conditions the plas-
monic cavity supports oscillations at half-wavelengths, resonating
at a frequency twice as large.

By introducing a temporal variance to 𝑛0 or 𝑗0, the resulting
waveform at steady state may be fully modulated. This can be done
by setting the parameters equal to a sinusoidal waveform centered
at the initial value of𝑛0 or 𝑗0. As in (4), the resonant frequency of the
cavity depends on 𝑣𝑝 , which depends on electron density 𝑛0. Thus,
by modulating the electron density at the source we can modulate
the resonant frequency of the plasmonic oscillations within the
cavity. On the other hand, by tuning the current density 𝑗0 at the
drain contact we can modulate the amplitude of the plasmonic
oscillations. We numerically investigate the performance of these
modulation capabilities in Section 4.3.

3.2 Maxwell’s Equations
The previously analyzed hydrodynamic model describes electron
transport within the 2DEG channel, producing the electron current
density 𝑗 . This term is used to calculate the current density 𝐽𝑥 =
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−𝑒 ( 𝑗 − 𝑗0), an input to Maxwell’s equations given by

∇ × 𝑬 = −`0
𝜕𝑯

𝜕𝑡
,

∇ × 𝑯 = 𝑱 + 𝜖𝜖0
𝜕𝑬

𝜕𝑡
, (5)

where 𝑬 = 𝐸𝑥 �̂� + 𝐸𝑦�̂� and 𝑯 = 𝐻𝑧 �̂� are the electric and magnetic
components of the EM field induced by fluctuations of the electric
current in the 2DEG channel 𝑱 = 𝐽𝑥 �̂� . The electrodynamic equa-
tions are discretized using FDTD based on [22], which introduces
the Yee algorithm for computational electrodynamics. The grid
space is divided into cells in which 𝐸𝑥 , 𝐸𝑦 , and 𝐻𝑧 are defined at
different locations of the cells. Using neighboring values for each
term, the electromagnetic field is calculated in each cell, and the
𝐸𝑥 term is input to the field term of the Euler equation. The FDTD
discretization method is described in more detail in [17].

4 NUMERICAL RESULTS
The aforementioned HDM and EM equations are combined and dis-
cretized using FDTD to develop a multi-physics simulation platform
for the proposed device. The platform offers reliable and accurate
results for designing, tuning, and analyzing the device. Commercial
tools do not allow simultaneous calculation of both models in the
time-domain, thus the FDTD simulation platform was adapted to
allow the solvers to run simultaneously on Matlab.

4.1 The Platform
The simulation platform allows us to model and explore the per-
formance of the proposed device to generate sustained plasmonic
oscillations in the 1 to 2 THz range, and modulate the generated
signal either in amplitude or in frequency. The spatial increment
within the 2DEG is limited by the Debye criteria, 𝑑𝑥 <

√
𝜖^𝑇
𝑛 , to

𝑑𝑥 = 5 nm [23]. This condition is applied to both HDM and EM
models, with a time increment of 𝑑𝑡 = 𝑑𝑥

2𝑐 , where 𝑐 is the speed of
light. The HDM solver is applied along the 2DEG graphene channel,
spanning across the 𝑥-axis and located at the boundary between two
adjacent dielectric cells. Thus, the 2DEG is modeled in an infinitely
thin sheet of zero thickness.

The asymmetric boundary conditions previously mentioned are
required for the generation of sustained plasmonic oscillations in
the channel of the HEMT device. The initial parameters in the HDM
were set to 𝑛0 = 4.2 × 1016 m−2, 𝑣0 = 4 × 105 ms−1, 𝐿 = 1 𝜇m, and
𝜏 = 5 ps. Upon such conditions, the platform is able to generate a
signal set at 1.2 THz. Although lower electron relaxation times are
acceptable, an increased value beyond the theoretical lower limit is
used to allow cleaner waveforms for demonstration purposes.

4.2 THz Plasmonic Source
The procedure analyzed in section 3 constitutes the numerical
platform for modeling the THz plasmonic source. Throughout the
course of the simulation, the EM field terms 𝐸 and𝐻 are continually
measured within the channel. The 𝑥-component of the electric field
induced from temporal evolution of current oscillations within
the device channel and the spectrum calculated from the measured
electromagnetic field are shown in Figure 2. The time-domain signal
is shown on the left, where we see the initial transient response

eventually reach steady state at about 40 ps. This transient time
may be reduced by increasing either the electron relaxation time
𝜏 or the initial drift velocity 𝑣0. On the right side of the figure,
we see the frequency-domain spectrum showing the fundamental
frequency at 1.2 THz, as well as all higher harmonics that satisfy
𝜔𝜏 > 1 at 1.2 THz increments.
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Figure 2: Time domain of the 𝑥-component of the electric
field 𝐸𝑥 on the left with 1.2 THz resonance in the HEMT
channel cavity shown on the right.

The conditions for growth of plasmonic oscillations within the
2DEG under asymmetric boundary conditions examined in section 2
are thoroughly tested for the platform. The condition 𝑣0 > 𝐿

𝜏 is not
satisfied for low 𝑣0, large 𝐿, or low 𝜏 , in which the resonant cavity
suppresses the current oscillations due to lack of gain reflections and
an attenuated signal is observed. A decay in plasmonic oscillations
is also observed when the DS boundary conditions are not held
or reversed. Numerical analysis shows unstable results with drift
velocities above 0.6𝑣𝐹 , in which (2) becomes non-linear and the
AC current in the 2DEG blows up to infinity. The dependence
of fundamental frequency resonating in the cavity on 𝐿, 𝑑 , or 𝑛0
matches the theory provided from (4).

4.3 Modulation
Upon conversion of the DC boundary sources to AC, modeled by
a temporal variance in the electron density centered at 𝑛0 or in
current density centered at 𝑗0, modulation of current oscillations
in the channel is obtained. By modulating 𝑛𝑥=0 we can vary the
frequency of the signal, and by modulating 𝑗𝑥=𝐿 we can vary the
amplitude. This can be modeled by setting either to a sinusoidal
waveform with a frequency 𝑓𝑀 and an amplitude of 𝐴𝑀 with a
DC offset, 𝑋0 (1 +𝐴𝑀 sin(2𝜋 𝑓𝑀𝑡)), where 𝑋0 is either 𝑛0 or 𝑗0. It is
worthy to note that any variation in either source varies the total
input DC power to the device, thus when tuning the source electron
density we also observe slight amplitude modulation.

4.3.1 Amplitude Modulation. The response of the produced elec-
tric field component to various DC drain currents can be used
for static analysis on amplitude dependence for AM capabilities.
The modulator is turned off, that is the modulation parameters
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𝐴𝑀 = 𝑓𝑀 = 0, and the steady-state signal remains fixed in ampli-
tude and frequency for various drain currents. Figure 3 shows the
amplitude of the 𝑥-component of the electric field 𝐸𝑥 measured dur-
ing steady-state in response to a range of drain currents 𝐽 applied
to the device, given by −𝑒 𝑗0.

The responsivity can be defined as the first derivative of the linear
fitted curve, determining how the device responds to a change in
applied current density. This can be calculated as Δ𝐸𝑥

Δ𝐽 , and thus
simple analysis from Figure 3 shows an obtainable responsivity of
690 VA−1.
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Figure 3: Measured electric field 𝑥-component 𝐸𝑥 as a func-
tion of applied drain current 𝑱 .

The static analysis on amplitude dependence provides insight
for selecting the initial and modulation parameters of our AM
device. Figure 4 shows the device running with 𝐹𝑀 = 80 GHz and
𝐴𝑀 = 30% of the initial parameter value, centered at 23 A cm−1.
As shown in the figure, the modulation starts after 60 ps in order
for the original signal to reach steady-state before switching the
DC drain current to AC. The effects of the modulated boundary
condition on the resulting resonating signal are shown, in which
there is a small ”shifting time” between the modulating 𝑗𝑥=𝐿 signal
(orange) and the modulated signal (blue). The plasmons must travel
back and forth within the channel cavity a few times in order to
react to the change in the modulation parameter. Thus, a high
𝑓𝑀 or 𝐴𝑀 causes the transient response to take over the signal’s
modulation effects, which can be avoided by increasing 𝑣0 or 𝜏 .

We introduce a theoretical limit of the modulation frequency
𝑓𝑀 as 1

𝜏 = 1
5 ps = 200 GHz. However, we have concluded that the

device’s reaction to amplitude-tunable parameters have a larger
transient time than frequency-tunable parameters, and thus the
responsivity for the AM signal decreases as we approach this the-
oretical limit. Specifically, modulating 𝑗0 at higher frequencies
does not allow the amplitude of the blue signal to respond fast
enough to the varying orange signal, as the ”shifting times” are
comparable to the modulation period and the resulting changes
in amplitude of the blue signal begins to reduce. Thus, the AM
is still present at such high frequencies (up to 170 GHz), but the
resulting variation in amplitude of the blue signal is reduced. In
ranges of 𝑓𝑀 = 50 to 100 GHz we see a resulting responsivity of
400 to 200 VA−1, respectively, when the amplitude of the modula-
tion is 𝐴𝑀 = 30%.
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Figure 4: Modulated electric field 𝑥-component 𝐸𝑥 (blue) as
a function of time in response to a varying applied current
density 𝑱 (orange). The applied signal has a modulating fre-
quency of 100 GHz and an amplitude of 30%.

4.3.2 Frequency Modulation. Similar to the AM analysis, we first
run the device with zero modulation to show the response. The
HEMT resonant frequency dependence can be demonstrated from
Figure 5 under corresponding changes in 𝑛0 at the source. We have
the theoretical curve (shown in blue) arising from (4) for quarter-
wave plasmonic oscillations. The experimental points represent
zero-modulation with various 𝑛0 values, which the device’s op-
erating resonant frequency shows dependence on (note that the
small deviation in the analytical and numerical results are caused
by the idealized character of the theoretical formula, in which
the gate-to-channel distance 𝑑 is assumed to be zero). The FM re-
sponsivity may be defined as the change in resonant frequency in
response to the change in the electron density 𝑛0. Thus, our respon-
sivity given by Δ𝑓0

Δ𝑛0
ranges from 18.55 × 10−6 to 4 × 10−6 Hzm−2

for 𝑛0 = 1 × 1016 to 5 × 1016 m−2.

2 3 4 5
n

0
 [m

-2
] 10

16

0.8

0.9

1

1.1

1.2

1.3

F
re

q
u

en
cy

 [
T

H
z]

Figure 5: Resonant frequency dependence on applied elec-
tron density𝑛0. The theoretical curve is shownwith the blue
line, while experimental points are shown in orange.

The spectrum of the FM modulated device is shown in Figure 6,
where modulation parameters 𝐴𝑀 = 30% and 𝑓𝑀 = 180 GHz are



NANOCOM ’21, September 7–9, 2021, Virtual Event, Italy Justin Crabb, Xavier Cantos-Roman, Gregory R Aizin, and Josep M Jornet

chosen. For demonstration purposes, we show the second harmonic
response in Figure 6 as the first harmonic FM is not as clear. We
see the device is capable of about 360 GHz modulation bandwidth,
centered at 2.21 THz. Here, the field components are measured
within the device channel, giving us the output power in W𝜇m−2.
The FM signal was ran at modulation frequencies 𝑓𝑀 near the
theoretical limit of 200 GHz, and has shown successful FM signals
at 200 GHz and unsuccessful results at higher frequencies.

The responsivity of the device from the numerical standpoint can
simply be calculated in the same approach as previously mentioned.
For analyzing the equivalent first harmonic provided from Fig-
ure 6, we have a modulation bandwidth of 360 GHz/2 = 180 GHz.
Thus, with a 30% amplitude modulation 𝐴𝑀 , with 𝑛0 centered at
3.1 × 1016 m−2, we attain a responsivity of 9.67 × 10−6 Hzm−2.
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Figure 6: Frequency spectrum of the device’s resulting FM
signal in response to a varying 𝑛0. The applied signal has a
frequency of 180 GHz and an amplitude of 30%.

5 CONCLUSION
In this paper, we have demonstrated the first frequency and am-
plitude tunable on-chip plasmonic THz generator, in which the
configuration is based on a HEMT device. Asymmetric boundary
conditions with source voltage and drain current allow plasmonic
oscillations to occur in the graphene 2DEG channel, causing the
channel to behave as a resonant cavity for quarter-wave plasmonic
oscillations. Utilizing an in-house-developed FDTD platform, we
have demonstrated the device signal generation and modulation
capabilities. In particular, we have shown that both amplitude and
frequency modulation are possible, with modulation bandwidths
approaching 200 GHz, opening the door to ultrabrodband com-
munication systems. The engineering of tailored waveforms and
modulation schemes that maximize the achievable data-rate and
minimize the bit error rate are part of our future work
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