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o ABSTRACT O

Terahertz (THz) band is one of the least explored regions of the electromagnetic spectrum,
and just a few materials respond to these frequencies. Thus, THz is considered a pivotal
solution to support applications that require high data rates, such as the sixth-generation
wireless communication systems. Graphene has been suggested as a promising candidate
due to its unique characteristics and high electrical conductivity, unlike traditional metal
antennas. THz band requires enhanced channel capacity and high data rates; therefore,
multi-input multi-output systems (MIMO) are used in the THz band. This study presents
the design and performance analysis of a MIMO antenna based on a fractal structure of
graphene operating in THz band. This research studies the antenna’s capability for
dynamic frequency reconfiguration by controlling the chemical potential (Fermi level).
Changing the resonance frequency by adjusting graphene's chemical potential confirms the
antenna’'s tunability. Furthermore, employing fractal structures of graphene results in a
multiband antenna whose frequencies can be tuned by varying the fractal parameters.
Using CST Studio Simulator, we analyzed the effects of graphene and fractal geometry
parameters on the antenna's performance.
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Jobl Llaial (o Johl sl \glay Llal¥) o 506 cpihall & gyl ol oJoll olajiny)
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agall Gaidie bl Al Juadl dbiags dagill Jobal elasind Gads e (53)

5.5860dB yiall Jlsell moll dad iy Lty (3PS sldjinl ey die 5 dB el Jlsgll moll Ao caly
(9) JS&ll B maage ga }.&9ps cA i () e

dBi dBi
56 5
0.749 0.151
4.1 47
-8.95 -9.55
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-18.6 -192
3.5 4.1
-283 -89
-44 -35

farfield (f=6.04) [2] farfield (=6.04) [2]

Type Farfield Type Farfield

Approximation enabled (kR >> 1) Approximation enabled (kR >> 1)

Component  Abs Component ~ Abs

Output Gain Output Gain

Frequency 604 THz Frequency 604 THz

Rad. Effic. ~ -1.166 dB Rad.Effic  -1.777dB

Tot. Effic. ~ -3544dB Tot Effic. 40228

Gain 5.598 dBi Gain 5.000 dBi

T=9ps xc 3D _cledyl Lhadll (b-9) T=3ps xc 3D _cluiyl Lkl (@-9)

T=9ps 3 T=3ps sl jiul (aj 2is gl dady 3D elady) bhial) (9) Jeid)

Mo Hhoasll ¢ galll ¢pialida opiad die Aol gl Ao (pand AU Alasl) Ogast) il dufys 1-2
& lemisiy i Y1 Jelis 40aS 2aa3 Ljne duals (Fermi Energy) cudlall (4 oayd d8la i
Bl Aoyt die salall ) daja (pana A giall g SN ad) duai (53 Y B (gginnall a5 cialal)
enbline s 680 Jlaall ma lgleliny clis fSIY1 @l 2027 el Lage Losgie oy a8l el L lladll jaal)
Slo clia o chd dila) Ji) SheS 5 SLeS s Guls DA Ge Ghall G and Al Jaaes (K4
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Niad el Jlogl) dae laag e s of Jahall Jlae e gkl Slsell b oapd A8l il oSa
ol Elaial) b Upe 05 o lsell i Laa e Jlsgll (i 3355 Jasa s cpand Bl amis sl B3

J21] dabiaa

a6l 5)lud al) 13 480 g (1) Jeaadl | 8 dovad) 45Lel) sl die  Slal eaSll uit S
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Return Loss / dB

Uy
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_10 4
_15 4
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_25 4
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_35 4
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Mg agilly duaall Jag il xic

%

g (5.808, -27.3789)

(6.04, -51.7696 )

--#-- Fermi Energy=2.6 ev

L — Fermi Energy=3 ev

58 6 6.2 6.4 6.6 6.8 7
Frequency / THz

He = 2.6 eV |1, = 3 ev s sagall jlud (10) Jei)
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@3l Jladl G .6.04THZ Clhadll 2ol e ol 235 sa3 =B eyl 235 o (10) IS (e Jaadls
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w
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Fermi Energy=2.6 ev
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20 41

w

30 ¢
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3 | Voltage Standing Wave Ratio (VSWR)

( 5.808, 1.089344 )
{ 6.04, 1.004706 )

5.6 6.2 6.4

5.4

Frequency / THz
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0.5
- -#-- Fermi Energy = 2.6 ev
0.45 )
Fermi Energy = 3 ev
0.4 +
0.35

0.3 1
0.25
0.2
0.15 A
0.1 1
0.05

envelope corrlation cofficient ECC

& (5.808, 0.006698338 )
8 (6.04,2.618674e-05)

Frequency / THz

3ev 52.6ev Ahas OsaS 2ie ECC (12) Jgidl

S 098 2ic 9.96 (e msil ) Ak

10 ~
--#-- Fermi Energy = 2.6ev
us > Fermi Energy = 3ev
[©]
a6 971
£ 1
3
= 8.5
w
2
& B
7.5 1
Gi ( 5.808, 9.966455 ) 5.4 5.6 5.8 6 6.2 6.4 6.6 6.8 7
8 (6.04,9.999859 ) Frequency / THz

3ev 52.6ev s (sas 2ie DG (13) Jgal

: 3alyill6.04 205l vie elady) bbidll (14) <4 meag

dBi

6.77
1.92
2.93
-7.78
-12.6
17.5
22.3
27.2

farfield (f=6.04) [2] =

Type Farfield

Approximation enabled (kR >> 1)

Component Abs

Output Directivity

Frequency 6.04 THz

Rad. Effic. -1.182dB

Tot. Effic. -3.541dB

Dir. 6.768 dBi
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Farfield Directivity Abs (Phi=0)

o —— farfield (f=6.04) [2]

Phi= 0O 30 30 Phi=180

Frequency = 6.04 TH=z

Main lobe magnitude = 2.45 dB
180 Main lobe direction = 46.0 deg.
Angular width (32 dB) = 52.8 deg.
Theta / Degree vs. dBi Side lobe level = -1.8 dB

S=0 duijail) dajall die ey U Lo lady) bl (b-14) Joill

Foalall6.04 225l e Lnaf deis pape alu
BW = fy — f; = 6.15419662 — 5.9397292 = 0.2145237THz = 214.524GHz

t 8agall Jalza
Q_\/fH*fl_fO
~  AF  BW

= 28.186

S=2 da jall A il ) ged) b d) - 2

GAY) ol 31 e dldlaall aa Soinj Bolaws (o GBI LS Gl 5 §=2 driail) Alasall
H(15)J<al b LS dndiall dad)l Cpara Al ilaid s Linal ealh Lguads BISIaall dag yd Catg ¢ yuass (g0
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Return Loss /dB
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Voltage Standing Wave Ratio (VSWR)

o

$=2 il xic VSWR : (17) J<il
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F [THZz] 5.82 THz 6.87 THz 7.34 THz
S11[dB] -24.7 dB -54.2 dB -35.8dB
VSWR 1.12 1.003 1.03
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VANV R v A S \o

( 5.82, 0.03853085 )
( 6.8775, 2.044821e-05 ) [

.5 6 6.5
( 7.347, 0.01513772 ) Frequency / THz
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spasaall Lol Gl die geill sy 2 (19) JS& maag

W38 | Envelope Correlation Cofficient
o
[N
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R e R :
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5.I5 6 6.I5 ? 7.5
Frequency / THz
$=2 Ldijaill Aajall Jal e gaidll ) (19) JS&
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MIMO sl 3 asaal) 4l el 1385 (<0.5) 40 (oagal) 2al)

5.82 iyl 235l vie Pi=0 (ggimall & alaY) Al 2la) DB eled) habadl (20) ISl maas

THz
Farfield Directivicy Abs (Phi=0)
o farfield (f=5.82) [2]
Phi= O 30 30 Phi=180
60 7 ) J 60
a0 a0
120 \\:*’:H,M_:i_ - 120 Frequency = 5.82 THz
150 = - 150 Main lobe magnitude = 2.09 dBi
180 Main lobe direction = 14.0 deg.
Angular width (3 dB) = 40.7 deg.
Theta / Degree vs. dBi Side lobe level = -0.8 dB
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farfield (f=5.82) [2]
Type Farfield
Approximation enabled (kR >> 1)
Component Abs

Output Directivity
Frequency 5.82 THz
Rad. Effic. -2390dB
Tot. Effic. -7.238dB
Dir. 6.109 dBi

$=2 Ll dayall A 5,805, 82 2yl die sl AN e ledy) hial) (b-20) J<i
5.82THz aajll vie L35 days e aly
BW = fy; — f; = 6.15419662 — 5.9397292 = 0.21470101THz = 214.7GHz

220l 13 die Bagadl Jalea dad (50
Vin*fi _ fo
AF

= o = 27.0464
Pi=0 gl b aledl) S5 2l DG e ledy) Labidly Gaalady) obiall degll (21) JS8) mns:

6.87THz i)l 2353l e

Farfield Directivity Abs (Phi=0)
— farfield (f=6.87) [1]

0]
Phi= 0 30 30 Phi=180
60 7 - T, B0
[0 90
120 \‘“,'\,:H"“‘-.-'I: 120 Frequency = 6.87 THz
150 - . b 150 Main lobe magnitude = 7.5 dBi
180 Main lobe direction = 76.0 deg.

Angular width (3 dB) = 50.0 deg.

Theta / Degree vs. dBi Side lobe level = -6.1 dB

$=2 duijail) dlasall b 6.87THZ 23 die slal) Ll elady) bhbial) (a-21) il

farfield (f=6.87) [2]
Type Farfield
Approximation enabled (kR >> 1)
Component Abs

Output Directivity
Frequency 6.87 THz

Rad, Effic. -4.250 dB
Tot. Effic. -1205d8
Dir. 7495 dBi
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6.87THz 2yl e Lo dajs (aye alo
BW = fy — f; = 6.9529958 — 6.7949321 = 0.1580637THz = 43.485GHz
1A 13 die Bagall Jalea dad (5
_Nfuxfi _ S

Q=" =5y = 43485
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Farfield Directivity Abs (Phi=0)

farfield (f=7.34) [2]

30 Phi=180
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Frequency = 7.234 THz
Main lobe magnitude = 7.13 dBi
180 Main lobe direction = ¥3.0 deg.
Angular width (3 dB) = 50.7 deg.
Theta / Degree vs. dBi Side lobe level = -3.3 dB
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=123

-22

farfield (f=7.34) [2]
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Approximation enabled (kR >> 1)
Component
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