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Plasmonic antennas based on rectangular graphene  
nanoribbons with controlled polarization 

of terahertz and infrared radiation
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Abstract – Background. To develop new terahertz wireless communication systems with high throughput and transmission 
speeds, such as 6G and above, effective control of the polarization direction of emitted terahertz waves is necessary, but most 
methods are technologically complex and expensive. The implementation of terahertz antennas and devices based on 2D materials 
such as graphene solves the problem associated with developing effective control. Aim. Study of the possibility of controlling the 
polarization of terahertz and IR radiation of plasmonic antennas based on rectangular graphene nanoribbons by changing the 
chemical potential (application of an external electric field). Methods. This important scientific problem related to the design of 
terahertz antennas can largely be solved by simulation using the electrodynamic simulation program CST MWS 2023. Results. 
Plasmon terahertz antennas based on rectangular graphene nanoribbons were chosen as the object of analysis and the possibility 
of emitting waves of two orthogonal polarizations was shown. Methods have been identified for controlling the polarization of 
terahertz and IR radiation from such antennas, based on the selection of operating frequencies corresponding to the resonances 
of the modes of surface plasmon-polaritons, and the application of metallization to the dielectric substrate. Conclusion. The 
ability to control the polarization of terahertz and IR radiation makes it possible to create both new elements of plasmonic 
antenna arrays and new communication technologies, including future 6G networks.
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Introduction

New wireless communication standards such as 6G 
require higher bandwidth than current technologies 
can provide. The terahertz (THz) frequency band is 
highly promising for high-speed wireless communi-
cation networks [1] because it can significantly boost 
transmission rates compared to ultrahigh-frequency 
(UHF) bands, especially in 6G Wi-Fi networks [2].

Two-dimensional (2D) materials such as graphene 
play a crucial role in efficient polarization control 
in THz devices and antennas. With its unique opto-
electronic properties and high doping potential, gra-
phene has become key material in plasmonic anten-
nas [3–7] and THz polarizers [8–11]. It exhibits high 
carrier mobility and consistently absorbs light across 
wavelengths. Graphene properties can be tuned by 
adjusting its chemical potential (Fermi level) via elec-
trical gating and chemical doping. Graphene is chem-
ically and structurally stable owing to the strong co-
valent bonds among carbon atoms, which enable it to 
support long-lived and tunable plasmon resonances 
when excited by THz and infrared (IR) radiation [3].

Graphene analogs of standard metal antennas ex-
hibit better emitting properties [4–7]. This is largely 
attributed to graphene’s excellent surface conductiv-
ity, which is highly responsive to changes in chemi-
cal potential when a bias voltage is applied [12]. Such 
dynamic conductivity control is expected to support 
operations at terabit-per-second speeds [3].

New THz, ultra-high-performance, and ultra-pre-
cise communication systems require efficient control 
of the polarization direction of the emitted waves. 
However, most available methods are complex and 
expensive [2].

The ST MWS and HFSS simulation software pack-
ages can solve important problems related to the de-
sign of microwave devices, antennas, and phased an-
tenna arrays [13; 14].

This study uses the CST Microwave Studio electro-
magnetic simulation system to investigate how the 
polarization of terahertz and IR radiation emitted by 
plasmonic antennas made of rectangular graphene 
nanoribbons can be controlled. This control can be 
achieved by changing the chemical potential by ap-
plying an external electric field.

https://doi.org/10.18469/1810-3189.2024.27.3.81-90
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1. Simulation of plasmonic 
antenna behavior in a rectangular 
graphene nanoribbon excited by 

s- and p-polarized TEM wave under 
chemical potential change

Fig. 1 illustrates the CST MWS 2023 [15] models of 
excitation of a plasmonic antenna with a rectangular 
graphene nanoribbon can be excited by a normally in-
cident TEM wave. In these models, the wave is either 
s-polarized (Fig. 1, a) or p-polarized (Fig. 1, b) using 
a waveguide port. The antenna model features a rec-
tangular graphene nanoribbon with dimensions of 
length (l) and width (w) (Fig. 1) installed on a dielectric 
substrate made of silicon dioxide (SiO2), character-
ized by a dielectric constant ( , ),ε = 2 2  and with di-
mensions a, b, and h.

Fig. 1 also depicts the orientation of the incident 
TEM wave’s electric field strength vector E relative 
to the graphene nanoribbon. For an s-polarized wave, 
vector E is oriented along the wide side of the gra-
phene nanoribbon (Fig. 1, a), whereas for a p-polarized 
wave, vector E aligns with the narrow side (Fig. 1, b).

We used the models presented in Fig. 1 to address 
the electrodynamic problem using CST Microwave 
Studio 2023 employing finite integration in the time 
domain [3].

We calculated an element of the scattering matrix 
S12  for a graphene plasmonic antenna excited by s- 

and p-polarized TEM waves across the THz, far-IR, 
and mid-IR ranges, considering different values of 
the graphene’s chemical potential .ñµ

Fig. 1 also depicts the orientation of the incident 
TEM wave’s electric field strength vector E relative 
to the graphene nanoribbon. For an s-polarized wave, 
vector E is oriented along the wide side of the gra-
phene nanoribbon (Fig. 1, a), whereas for a p-polarized 
wave, vector E aligns with the narrow side (Fig. 1, b).

We used the models presented in Fig. 1 to address 
the electrodynamic problem using CST Microwave 
Studio 2023 employing finite integration in the time 
domain [3].

We calculated an element of the scattering matrix 
S12  for a graphene plasmonic antenna excited by s- 

and p-polarized TEM waves across the THz, far-IR, 
and mid-IR ranges, considering different values of 
the graphene’s chemical potential .ñµ

Fig. 2 displays the frequency responses of the 
scattering matrix element ,S12  which represents 
thewave transmission coefficient, for a plasmon-
ic antenna with a rectangular graphene nanorib-
bon. The nanoribbon dimensions are the following:  
w = 1  μm, ,l = 2 5  μm, a = b = 3  μm, h = 1  μm). Fur-
thermore. the chemical potential values are the fol-
lowing: ,ñµ =1 0 3  eV, ,ñµ =2 0 7  eV, ñµ =3 1  eV. The 
antenna was excited by a TEM wave, which exhibited 
s-polarization (Fig. 2, a) and p-polarization (Fig. 2, b). 
The graphene properties considered in this simula-
tion are Ò = 300  K and τ = 1  ps.

The simulation results (Fig. 2) indicate that fre-
quency shifts and the minima of the transmission co-
efficient ñµ  vary with changes in the graphene chem-
ical potential .S12  The transmission coefficient 
S12  minima (Fig. 2, a, b) result from the maxima of 

the absorption coefficient P in graphene. These min-

  
 a b
Fig. 1. Excitation of a plasmonic antenna with a rectangular graphene nanoribbon using a waveguide port: a – s-polarized and  
b – p-polarized TEM. Simulated in CST MWS 2023
Рис. 1. Модели возбуждения плазмонной антенны на основе прямоугольной графеновой наноленты TEM-волной s-поляризации (а) 
и p-поляризации (б) с помощью волноводного порта в программном комплексе CST MWS 2023
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ima align with the plasmon resonances [16] that oc-
cur at frequencies resf  driven by the excited main and 
higher modes of surface plasmon polaritons (SPPs) 
[11]. These resonant frequencies ,s p

resf  are influenced 
by the incident wave polarization [11].

For an s-polarized excitation TEM wave, in which 
the surface electric current resonates along the wide 
side of the rectangular graphene nanoribbon, longi-
tudinal plasmon resonance occurs [11]. In this case, 
the first resonant frequency sf 1

1  is determined by 
the main mode of SPPs (Fig. 2, a). At this frequency, 
the electric current density sj  on the graphene sur-
face reaches its peak, leading to maximum absorption. 
For a p-polarized excitation TEM wave, a transverse 
resonance of the surface electric current sj  occurs 

along the narrow side of the rectangular graphene 
nanoribbon [11], enabling resonance frequencies p

resf  
to be higher than s

resf  for the s-polarization (Fig. 2, b). 
We  observed several resonant frequencies corre-
sponding to the nearest higher SPP modes for both 
s-polarization (Fig. 2, a) and p-polarization (Fig. 2, b). 
In a rectangular graphene nanoribbon, the longitudi-
nal SPP resonance occurs at s-polarization (Fig. 2, a), 
whereas the transverse SPP resonance appears at p-
polarization (Fig. 2, b), each at different frequencies.

The table lists the estimated scattering matrix ele-
ment S12  at the resonance frequencies ,s p

resf  of the 
main and second-order SPP modes excited by an s- 
and p-polarized TEM wave for different chemical po-
tentials ñµ  (0,3, 0,7, 1 eV).

a

b
Fig. 2. Frequency responses of the scattering matrix element S12  within a plasmonic antenna containing a rectangular graphene nanor-
ibbon at different chemical potentials ñµ  in the THz, far and mid-IR ranges: a – s-polarization; b – p-polarization of the incident TEM 
wave; curve 1 – ,ñµ =1 0 3  eV, 2 – ,ñµ =2 0 7  eV, 3 – ñµ =3 1  eV; w = 1  μm, ,l = 2 5  μm, b = 3  μm, h = 1  μm
Рис. 2. Частотные зависимости элемента матрицы рассеяния S12  плазмонной антенны на основе прямоугольной графеновой 
наноленты для различных значений химического потенциала ñµ  в ТГц, дальнем и среднем ИК-диапазонах: а – s-поляризация; 
б – p-поляризация падающей TEM-волны; кривая 1 – ,ñµ =1 0 3  эВ, 2 – ,ñµ =2 0 7  эВ, 3 – ñµ =3 1  эВ; w = 1  мкм, ,l = 2 5  мкм, a =

b= = 3  мкм, h = 1  мкм
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2. Simulation of THz and IR 
radiation polarization control 
for plasmonic antennas with 

rectangular graphene nanoribbons

Fig. 3 illustrates the simulation results from CST 
MWS 2023. We modeled the directivity pattern (DP) 
of a plasmonic graphene antenna on a dielectric sub-
strate and examined the distribution of the surface 
electric current density vector sj  on the graphene na-
noribbon at the resonant frequencies ,sf 1

1  ,sf 1
2  asso-

ciated with the main SPP mode. This occurs when the 
antenna is excited by an s-polarized TEM wave, con-
sidering different chemical potentials of 0,3, 0,7, 1 eV.

Fig. 3 – 3.1–3.3, a–c illustrate how the frequency 
of a plasmonic graphene antenna can be tuned, or 
frequency-swept, at resonant frequencies s

resf 1  corre-
sponding to the main SPP mode when excited by an 
s-polarized TEM wave in the terahertz range, as the 
chemical potential ñµ  varies from 0,3 to 1 eV by ap-
plying an external electric field.

At the resonant frequencies of the main SPP mode, 
excited by an s-polarized TEM wave, a resonance of 
the electric current is generated by the standing SPP 
half-wave along the wide side of the rectangular na-
noribbon [11]. This results in a half-wave distribution 
of the surface electric current sj  along the length of 
the rectangular graphene nanoribbon, peaking at the 
center (Fig. 3 – 3.1–3.3, d). The resulting 3D DP of 
the radiation produced by this half-wavelength (half 
of the SPP wavelength) electric emitter is toroidal 
(Fig. 3 – 3.1–3.3, c). The axis of the 2D DP in the equa-
torial plane aligns with the longitudinal emitting cur-
rent (Fig. 3 – 3.1–3.2, b). The DP in the E-plane, which 
depends on θ  at ),ϕ = °0  matches that of a half-wave 
symmetric vibrator [17]. In the E-plane (depending on 
θ  at ),ϕ = °90  the DP forms a circle (Fig. 3 – 3.1–3.3, a).

As the chemical potential ñµ  increases, the surface 
electric current density rate sj  on the graphene na-
noribbon increases (Fig. 3 – 3.1–3.3, d). This occurs 

because the q-value of the resonance decreases, lead-
ing to a higher absorption coefficient in graphene 
[11], which in turn boosts the emitting efficiency of 
the plasmonic graphene antenna (Fig. 3 – 3.1–3.3, c).

For comparison, Fig. 4 presents the simulated DP 
of a plasmonic antenna with a rectangular graphene 
nanoribbon on a metalized dielectric substrate, main-
taining identical dimensions (w = 1  μm, ,l = 2 5  μm, 
a b= = 3  μm, h = 1  μm). This is presented at the 
resonant frequency sf 1

3  that matches the main SPP 
mode, equal to ,sf =1

3 5 252  THz when excited by an 
s-polarized TEM wave at a given chemical potential 
of ñµ = 1  eV.

The comparison of the DPs for plasmonic anten-
nas containing rectangular graphene nanoribbons on 
dielectric substrates (Fig. 3 – 3.3) and metalized sub-
strates (Fig. 4) substrates at resonant frequencies sf 1

3  
corresponding to the main SPP mode indicates that 
the directivity axis, and therefore, the polarization 
plane of the half-wave THz radiation (half of the SPP 
wavelength) emitted by the electric emitter, is rotated 
by 90° in the latter case.

Plasmonic antennas containing rectangular gra-
phene nanoribbons on dielectric and metalized sub-
strates emit THz waves with two orthogonal polari-
zations. This means that by applying metallization to 
the dielectric substrate, we can control the polariza-
tion of the THz radiation.

Fig. 5 presents the simulation results from CST 
MWS 2023, showing the DP of a plasmonic graphene 
antenna on a dielectric substrate. It also depicts the 
distribution of the surface electric current density 
vector sj  on the graphene nanoribbon at resonant 
frequencies ,pf 1

1  ,pf 1
1  pf 1

1  corresponding to the 
main SPP mode, when the antenna is excited by a p-
polarized TEM wave at different chemical potentials 
(0,3, 0,7, 1 eV).

Fig. 5 – 5.1–5.3, a-c demonstrate the capabil-
ity of tuning the operating frequency of a plasmonic  

Table. Calculated values of the scattering matrix element S12  at the resonant frequencies ,s p
ðåçf  of the main 

and second SPP modes excited by an s- and p-polarized TEM wave for different chemical potentials ñµ

Таблица. Расчетные значения элемента матрицы рассеяния S12  на резонансных частотах ,s p
ðåçf  основной и второй 

мод ППП, возбуждаемых TEM-волной s- и p-поляризации, для различных значений химического потенциала ñµ

,ñµ  eV ,s
ðåçf 1  THz S11, dB ,p

ðåçf 1  THz S11, dB ,p
ðåçf 2  THz S11, dB

0,3 3,652 –8,18936 7,747 –7,22564 8,967 –2,00709
0,7 5,563 –13,68034 11,803 –12,09588 13,636 –4,0221
1 6,616 –16,14356 14,104 –14,39928 16,288 –5,40395
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graphene antenna (frequency scanning), allowing it 
to scan from the THz range to the far and mid-IR 
ranges. This frequency tuning is achieved at resonant 
frequencies p

resf 1  of the main SPP mode when the an-
tenna is excited by a p-polarized wave. The tuning is 
facilitated by varying chemical potential ñµ  between 
0,3 and 1 eV using an external electric field).

At the resonant frequencies of the main SPP mode, 
excited by an s-polarized wave, a resonance of the 
electric current is generated by the standing SPP 
half-wave along the wide side of the rectangular na-
noribbon [11]. This results in a half-wave distribution 
of the surface electric current sj  along the length of 
the rectangular graphene nanoribbon, peaking at the 
center (Fig. 5 – 5.1–5.3, d). The resulting 3D DP for the 
radiation emitted by this half-wavelength (half of the 
SPP wavelength) electric emitter is toroidal (Fig. 5 – 
5.1–5.3, c). The axis of the 2D DP in the equatorial 
plane aligns with the longitudinal emitting current 
(Fig. 5 – 5.1–5.3, d). In the E-plane (depending on θ  at 

),ϕ = °90  the DP matches that of a half-wave symmet-
ric vibrator [17] (Fig. 5 – 5.1–5.2, а), and in the E-plane, 

(depending on θ  at )ϕ = °0  it forms a circle (Fig. 5 – 
5.1–5.3, b).

The comparison of the DPs at the resonance fre-
quencies of the main SPP mode sf =1

3 6,616 THz for 
s-polarization (Fig. 3 – 3.3) and pf =1

3 14,104 THz for 
p-polarization (Fig. 5 – 5.3) indicates that the directiv-
ity axis is parallel to the longitudinal emitting current 
in the first case and to the transverse emitting cur-
rent in the second case. Therefore, the polarization 
plane of the half-wave THz radiation (half of the SPP 
wavelength) from the electric emitter [17] rotates 90° 
in the meridian plane.

A plasmonic antenna with rectangular graphene 
nanoribbons on a dielectric substrate can emit waves 
with two orthogonal polarizations. This happens 
when the resonance frequency shifts from the SPP 
mode s

resf  for s-polarization to the SPP mode p
resf  

for p-polarization of the exciting TEM wave. Con-
sequently, the polarization of THz/IR radiation from 
such antennas can be controlled by selecting the 
signal frequency depending on the type of plasmon 

Fig. 4. DP of a plasmonic antenna with a rectangular graphene nanoribbon on a metalized dielectric substrate excited by an s-polarized 
TEM at the resonant frequency corresponding to the main SPP mode sf =1

3 ,5 252  THz, ñµ =3 1 eV: 2D RP in the H-plane (depending 
on ,ϕ  )θ = °90  (a) and in the E-plane (depending on ,θ  )ϕ = °90  (b) in the polar (a, b) and 3D RP in the spherical (c) coordinate systems
Рис. 4. ДН плазмонной антенны на основе прямоугольной графеновой наноленты на металлизированной диэлектрической под-
ложке при s-поляризации возбуждающей TEM-волны на резонансной частоте основной моды ППП sf =1

3 ,5 252  ТГц, ñµ =3 1 эВ: 
2D ДН в H-плоскости (в зависимости от ,ϕ  )θ = °90  (а) и в E-плоскости (в зависимости от ,θ  )ϕ = °90  (б) в полярной (а, б) и 3D ДН 
в сферической (в) системах координат

a b

c



87
2024, vol. 27, no. 3, pp. 81–90 Physics of Wave Processes and Radio Systems
2024. Т. 27, № 3. С. 81–90 Физика волновых процессов и радиотехнические системы

5.
1

5.
2

5.
3

a
b

a
b

a
b

c
c

c

d
d

d

Fi
g.

 5
. T

D
P 

of
 a

 p
la

sm
on

ic
 a

nt
en

na
 c

on
ta

in
in

g 
a 

re
ct

an
gu

la
r 

gr
ap

he
ne

 n
an

or
ib

bo
n 

on
 a

 d
ie

le
ct

ri
c 

su
bs

tr
at

e 
at

 th
e 

re
so

na
nc

e 
fr

eq
ue

nc
ie

s 
p ðå

ç
f

1
 c

or
re

sp
on

di
ng

 to
 th

e 
m

ai
n 

SP
P 

m
od

e 
w

he
n 

ex
ci

te
d 

by
 a

 
p-

po
la

ri
ze

d 
T

EM
 w

av
e 

an
d 

fr
eq

ue
nc

y 
sw

ee
p 

in
 th

e 
T

H
z 

ra
ng

e 
as

 th
e 

ch
em

ic
al

 p
ot

en
ti

al
 

ñµ
 c

ha
ng

es
. 2

D
 R

P 
in

 th
e 

E-
pl

an
e 

(d
ep

en
di

ng
 o

n 
,θ

 
)

ϕ
=

°
90

 (a
), 

in
 th

e 
E-

pl
an

e 
(d

ep
en

di
ng

 o
n 

,θ
 

)
ϕ
=

°0
 (b

) i
n 

th
e 

po
la

r 
(a

, b
) a

nd
 3

D
 R

P 
in

 th
e 

sp
he

ri
ca

l (
c)

 c
oo

rd
in

at
e 

sy
st

em
s 

an
d 

th
e 

di
st

ri
bu

ti
on

 o
f t

he
 s

ur
fa

ce
 e

le
ct

ri
c 

cu
rr

en
t d

en
si

ty
 v

ec
to

r 
sj

 o
n 

a 
re

ct
an

gu
la

r 
gr

ap
he

ne
 n

an
or

ib
bo

n 
(d

); 
5.

1 
– 

p f
=

1
1

7,
74

7 
T

H
z,

 
ñµ
=

1
0,

3;
 5

.2
 –

 
p f
=

1
2

11
,8

03
 T

H
z,

 
ñµ
=

2
0,

7 
eV

; 5
.3

 –
 

p f
=

1
3

14
,1

04
 T

H
z,

 
ñµ
=

3
1 

eV
. T

he
 r

ad
ia

ti
on

 le
ve

l a
nd

 th
e 

su
rf

ac
e 

cu
rr

en
t d

en
si

ty
 

sj
 a

re
 v

is
ua

liz
ed

 u
si

ng
 a

 c
ol

or
 m

ap
 in

 th
e 

di
gi

ta
l e

di
ti

on
Р

ис
. 5

. Д
Н

 п
ла

зм
он

но
й 

ан
те

нн
ы

 н
а 

ос
но

ве
 п

ря
м

оу
го

ль
но

й 
гр

аф
ен

ов
ой

 н
ан

ол
ен

ты
 н

а 
ди

эл
ек

тр
ич

ес
ко

й 
по

дл
ож

ке
 н

а 
ре

зо
на

нс
ны

х 
ча

ст
от

ах
 

p ðå
ç

f
1

 о
сн

ов
но

й 
м

од
ы

 П
П

П
 п

ри
 p

-п
ол

яр
из

ац
ии

 
во

зб
уж

да
ю

щ
ей

 T
EM

-в
ол

ны
 и

 с
ка

ни
ро

ва
ни

е 
по

 ч
ас

то
те

 в
 Т

Гц
, д

ал
ьн

ем
 и

 с
ре

дн
ем

 И
К

-д
иа

па
зо

на
х 

пр
и 

из
м

ен
ен

ии
 з

на
че

ни
я 

хи
м

ич
ес

ко
го

 п
от

ен
ци

ал
а 

: ñµ
 2

D
 Д

Н
 в

 E
-п

ло
ск

ос
ти

 (в
 з

ав
ис

им
ос

ти
 

от
 

,θ
 

)
ϕ
=

°
90

 (а
), 

в 
E-

пл
ос

ко
ст

и 
(в

 з
ав

ис
им

ос
ти

 о
т 

,θ
 

)
ϕ
=

°0
 (б

) в
 п

ол
яр

но
й 

(а
, б

) и
 3

D
 Д

Н
 в

 с
ф

ер
ич

ес
ко

й 
(в

) с
ис

те
м

ах
 к

оо
рд

ин
ат

 и
 р

ас
пр

ед
ел

ен
ие

 в
ек

то
ра

 п
ло

тн
ос

ти
 п

ов
ер

хн
ос

тн
ог

о 
эл

ек
-

тр
ич

ес
ко

го
 т

ок
а 

sj
 н

а 
пр

ям
оу

го
ль

но
й 

гр
аф

ен
ов

ой
 н

ан
ол

ен
те

 (г
); 

5.
1 

– 
p f
=

1
1

7,
74

7 
Т

Гц
, 

ñµ
=

1
0,

3;
 5

.2
 –

 
p f
=

1
2

11
,8

03
 Т

Гц
, 

ñµ
=

2
0,

7 
эВ

; 5
.3

 –
 

p f
=

1
3

14
,1

04
 Т

Гц
, 

ñµ
=

3
1 

эВ
; и

нт
ен

си
вн

ос
ть

 и
зл

уч
ен

ия
 

и 
пл

от
но

ст
и 

по
ве

рх
но

ст
но

го
 э

ле
кт

ри
че

ск
ог

о 
то

ка
 

sj
 о

бо
зн

ач
ен

ы
 ц

ве
то

м
 в

 э
ле

кт
ро

нн
ой

 в
ер

си
и 

ж
ур

на
ла



88
Makeeva G.S. Plasmonic antennas based on rectangular graphene nanoribbons ...

Макеева Г.С. Плазмонные антенны на основе прямоугольных графеновых нанолент ...

resonance, either longitudinal or transverse, in the 
rectangular graphene nanoribbon.

Conclusion

The simulation results reveal that plasmonic an-
tennas with rectangular graphene nanoribbons can 
emit THz/IR waves with two orthogonal polariza-
tions. We identified methods to control the polariza-
tion of these waves by selecting signal frequencies 

that align with the plasmon resonances of SPP modes 
and through metallization of the dielectric substrate.

This ability to control THz/IR radiation enables 
the creation of both new plasmonic antenna array 
elements [18] and new communication technologies, 
including future 6G networks [2]. These advance-
ments will support energy-efficient communication, 
enable cognitive radio networks that can intelligently 
change channels, and facilitate in-band full-duplex 
technology that can double the bandwidth [2].
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Плазмонные антенны на основе прямоугольных 
графеновых нанолент с управляемой поляризацией 

терагерцового и инфракрасного излучения

Г.С. Макеева
Пензенский государственный университет  

440026, Россия, г. Пенза,  
ул. Красная, 40

Аннотация – Обоснование. Для развития новых терагерцовых систем беспроводной связи с высокой пропускной 
способностью и скоростью передачи, таких как 6G и выше, необходимо эффективное управление направлением 
поляризации излучаемых терагерцовых волн, однако большинство методов технологически сложные и дорогие. Реализация 
терагерцовых антенн и устройств на основе 2D-материалов, таких как графен, решает проблему, связанную с разработкой 
эффективного управления. Цель. Исследование возможности управления поляризацией терагерцового и ИК-излучения 
плазмонных антенн на основе прямоугольных графеновых нанолент с помощью изменения химического потенциала 
(приложением внешнего электрического поля). Методы. Эту важную научную проблему, связанную с проектированием 
терагерцовых антенн, во многом позволяет решить моделирование с помощью программы электродинамического 
моделирования CST MWS 2023. Результаты. В качестве объекта анализа выбраны плазмонные терагерцовые антенны на 
основе прямоугольных графеновых нанолент и показана возможность излучения волн двух ортогональных поляризаций. 
Выявлены способы управления поляризацией терагерцового, ИК-излучения таких антенн, основанные на выборе 
рабочих частот, соответствующих резонансам мод поверхностных плазмон-поляритонов, и нанесении металлизации 
на диэлектрическую подложку. Заключение. Возможность управления поляризацией терагерцового, ИК-излучения 
позволяет создавать как новые элементы плазмонных антенных решеток, так и новые коммуникационные технологии, 
в том числе будущих сетей 6G.

Ключевые слова – плазмонные антенны; прямоугольные графеновые наноленты; поляризация; плазмонный резонанс; 
диаграмма направленности.
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