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1. INTRODUCTION

Wireless data traffic has expanded significantly in recent years because of a shift in how humans
generate, distribute, and consume information. This adjustment necessitates an increase in significantly faster
wireless data transfer rates at all locations. Transmission of information have increased and doubled every one
and half years in the past three decades and are rapidly approaching parity with wired communication networks
[1]. As a result of this yields to, wireless (Thps (terabits/second)) connections are anticipated to become
commonplace. Terahertz (THz) frequency band was spurred by the need for greater bandwidth and the fully
utilizing of spectrum in (GHz) frequency range. The greater bandwidth of the THz band enables future wireless
devices to attain a large data throughput, such as one terabit per second [2]. The terahertz band ranges from
0.1 to 10 THz. The mid-infrared spectrum, on the other hand, is the frequency band before the far-infrared and
after microwaves [3]. THz applications such as spectroscopy, imaging, and other applications have advanced
dramatically in recent times. THz-frequency antennas are typically fabricated using metals, such as gold.
Compared to its DC conductivity, the metal's conductivity decreases at THz frequencies, resulting in more
penetration into the metal. This metal property reduces the radiation effectiveness of metallic antennas at THz
frequencies [4]. Small antennas have a substantially reduced radiation efficiency at 1 THz [5] due to the high
surface resistance of metallic traces, as determined by computer research. This reduced conductivity results
from grain boundary scattering, surface scattering, and surface roughness [6], [7]. These variables can
substantially affect the estimated radiation efficiency of THz-band and higher antennas. In addition, the
fabrication and gold deposition processes necessary to create thin layers with a trace width of less than 100 nm
result in conductivity values that are considerably lower than those of the bulk material. Non-metallic materials
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should be researched to reduce losses in small-scale antennas. Graphene is the current material used to decrease
losses in the THz region [8]. Numerous thermal, mechanical, and electrical applications use graphene, a single
atomic carbon layer. Single-walled carbon nanotubes are another form of graphene [9], [10]. Numerous
graphene devices, including polarizers, filters, absorbers, and antennas, have been proposed for THz, MW, and
optical frequency ranges [11] because the surface conductivity of graphene may be altered by modifying the
electrical DC bias. In addition, graphene THz photonic antennas were suggested in [12]. Graphene is exploited
in the design of THz antennas as a radiating patch [13], parasitic component or high impedance surfaces (HIS),
and a shape [14]. This study proposes a novel graphene-based log periodic antenna with frequency tuning in
the terahertz band. The DC voltage changes the graphene's conductivity, tuning the antenna and expanding its
bandwidth. Many methods used to enhance the bandwidth, such as using meta-material [15], modifying patch
antenna [16]

2. METHOD
2.1. Graphene conductivity

Due to its atomic thickness, graphene exhibits exceptional electrical characteristics as a two-
dimensional material. Chemical potential, relaxation time, and frequency influence the surface conductivity of
single-layer graphene. The value of graphene's dispersive characteristics can be altered by adjusting the
frequency and other parameters [17], [18]. The surface conductivity of graphene ¢ (w, T, pc, I') is described
using Kubo Forma [19]. It is divided into two sections: inter-band and intra-band. At lower frequencies, the
intra-band predominates, whereas the inter-band predominates at higher frequencies. The model's accuracy is
equivalent to the sum of the conductivity's two components [20], [21].
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Where vy is the scattering rate, h is the reduced Planck's constant, pc is the chemical potential (eV), ®
denotes frequency in rad/s, T mean temperature (K), kg is the boltzmann constant, and e is electron charge.
The chemical potential pc is determined by the carrier density n (m).

uc=vfh/nm 4)

where vf=1x106 denotes the graphene's Fermi velocity. The electric field effect can be used to change the
value of n.
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Vb is the bias voltage, d is the dielectric material height in millimeters, and € represents the free space
permittivity (F/m) (where ¢ the relative permittivity of the dielectric material between the back gate material
and the graphene sheet). The dispersion equation for the SPP can be found in (6):
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o
where n denotes to the refraction index of substrate, neff=complex propagation index, n, kKSPP=neffxw/c.
The SPP wave's propagation constant is provided by [22]:

kSPP = kO(neff) )

where neff mean the SPP modes' complex effective index, and kO=27/10 equal to the free space wavenumber.
The resonant length L1 is half the surface plasmon polariton's wavelength ASPP.

8)

Aspp = Re (kspp)
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The graphene's surface impedance can be determined [23]

o(w)

2.2. Toothed log periodic antenna design

Figure 1 depicts the log-periodic antenna (TLPA) with teeth. This antenna is frequency independent,
with a bandwidth greater than 10:1. The geometrical characteristics of the antenna sectors must be
logarithmically scaled to provide a homogeneous radiation behaviour throughout the broad bandwidth. The
word "log-periodic" refers to the regular spacing between an antenna's resonance frequencies on a logarithmic
scale [24]. The first log-periodic planar antenna, as depicted in Figure 1, consisted of circularly curved teeth
of variable lengths [25]. Periodically, the ratio between the size of each tooth and its distance from the centre
increases:

§= 1 (10)

Rn+1

Therefore, indicates the ratio of two neighboring resonance frequencies as follows:

S= % foshi (11)

Figurel. Toothed log periodic antenna

To achieve consistent radiation performance, (the expansion ratio) must be made sufficiently minimal.
The resonance frequency h is dictated by the size of the minor teeth, whereas the size of the enormous teeth
determines the operating frequency f;. Depending on its size, each tooth has a resonance frequency between fh
and fl. To prevent lower-order modes of the enormous teeth from radiating low-frequency information, the LP
antenna is fed from the high-frequency end.

3. RESULTS AND DISCUSSION

The geometry of the antenna model is depicted in Figure 2. Figure 2(a) illustrate the proposed antenna
in front view, while Figure 2(b) shows the 3-D structure of the antenna by using CST software. The suggested
antenna is printed onto a silicon dioxide substrate, and there are two 1 um-thick layers of silicon crystalline
and alumina on top of the substrate. The ground is made of copper. The patch is log toothed periodic made
from graphene the proposed antenna has a parameter of 0=67 and =45, where o and B are angles shown in
Figure 2(b) t=0.9, R=17 pm.

Using CST Studio version 2020, simulation results for the proposed antenna are generated for various
chemical potential values. The outcomes of S11 concerning pc are provided. Figure 3 depicts the scattering
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parameter Su: in decibels for pc=(0.1-1) Ve for the proposed antenna. Table 1 illustrates the operational
bandwidth at which S11<-10 dB is seen, while Figure 4 shows the antenna gain and its (1.2-6.5) dB. The Figures
5-8 show the radiation pattern of the frequencies (2, 3, 6, 9) THz, respectively.

(@) (b)

Figure 2. the proposed antenna(a) front view and (b) 3-D structure

Table 1. The resonant frequency of the proposed antenna at pc=(0.1-1)Ve
Chemical Potential pc Resonant Frequency in THz

0.1 8.5
0.3 0.18,0.81,5.6
05 0.23,1,2.2,7.29.9
0.7 2.6,3.7,7,48.7
1 2534.45156,749.1

S-Parameters [Magnitude in dB]

Frequency / THz

Figure 3. Return losses Si: at uc=(0.1,0.3,0.5,0.7,1)

Gain (IEEE),3D,Max. Value (Sold Angle)
: : : : 1, —e— Gain (IEEE),3D,Max. Value

(9.9877, 6.1762 )
% (7.1143, 1.1694 )

Frequency / THz

Figure 4. Gain of proposed antenna at puc=1
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Figure 5. Radiation pattern at 2 THz

Figure 6. Radiation pattern at 3 THz

dBi

Figure 7. Radiation pattern at 6 THz

Figure 8. Radiation pattern at 9 THz
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4. CONCLUSION

In this study, a graphene-based antenna capable of S11 -10 dB at the UWB operating frequency band
(0.1-10 THz) was constructed. The antenna itself is a log periodic antenna with teeth made from graphene
material. The simulation results were achieved by modifying the chemical potential values in CST Studio
version 2020. The suggested antenna's maximum bandwidth is between 7 and 10 THz. Additionally, it features
a gain of 6 dB for the 7-10 THz frequency region.

ACKNOWLEDGEMENTS
The authors would like to thank Mustansiriyah University, College of Engineering, and Department
of Electrical Engineering for cooperating in conducting this study.

REFERENCES

[1.] 1. Mcintosh, B. Yang, S. M. Goldup, M. Watkinson, and R. S. Donnan, "Terahertz spectroscopy: A powerful new tool for the
chemical Science," Chemical Society Reviews, vol. 41, no. 6, pp. 2072-2082, 2012, doi: 10.1039/C1CS15277G.

[2.] P.Deanetal., "Terahertz imaging through self-mixing in a quantum cascade laser," Optics Letters, vol. 36, no. 13, pp. 2587-2589,
2011, doi: 10.1364/0L.36.002587.

[3.] Y. Renetal,"Fast terahertz imaging using a quantum cascade amplifier," Applied Physics Letters, vol. 107, no. 1, pp. 1-20, 2015,
doi: 10.1063/1.4926602.

[4]1 M. A. Ismail, K. M. M. Zaini, and M. |. Syono, "Graphene field-effect transistor simulation with TCAD on top-gate dielectric
influences,” Telecommunication Computing Electronics and Control, vol. 17, no. 4, pp. 845-1852, Aug 2019, doi:
10.12928/telkomnika.v17i4.12760.

[5.] S.F.A.Rahman, N. A. Salleh, M. S. Z. Abidin, and A. Nawabjan, "Humidity effect on electrical properties of graphene oxide back-
to-back Schottky diode," Telecommunication Computing Electronics and Control, vol. 17, no. 5, pp. 2427-2433, October 2019, doi:
10.12928/telkomnika.v17i5.12800.

[6.] H.-J. Song, K. Ajito, Y. Muramoto, A. Wakatsuki, T. Nagatsuma, and N. Kukutsu, "24 Gbit/s data transmission in 300 GHz band
for future terahertz communications," Electronics Letters, vol. 48, no. 15, pp. 953-954, 2012, doi: 10.1049/el.2012.1708.

[7] K. 1. Bolotin et al., "Ultrahigh electron mobility in suspended graphene,” Solid State Communications, vol. 146, no. 9-10, pp. 351—
355, 2008, doi: 10.1016/j.s5¢.2008.02.024.

[8.] H.A. Abdulnabi, M. A. Shuriji, and S. Ahmed, "UWB THz plasmonic microstrip antenna based on graphene," Telecommunication
Computing Electronics and Control, vol. 18, no. 1, pp. 30-36, 2020, doi: 10.12928/telkomnika.v18i1.13153.

[91 R. H. Mahdi and H. A. Jawad, "Assessment of Specific Absorption Rate and Temperature in the Tumor Tissue Subjected to
Plasmonic Bow-Tie Optical Nano-Antenna,” 2019 International Engineering Conference (IEC), 2019, pp. 28-33, doi:
10.1109/IEC47844.2019.8950609.

[10.] R.H.Mahdi, and H. A. Jawad, "Thermal response of skin diseased tissue treated by plasmonic nan antenna," International Journal
of Electrical and Computer Engineering (IJECE), vol. 10, no. 3, pp. 2969-2977, 2020, doi: 10.11591/ijece.v10i3.pp2969-2977.

[11.] H. A. Abdulnabi, R. T. Hussein and R. S. Fyath, "0.1-10 THz Single Port Log Periodic antenna design based on Hilbert Graphene
Artificial Magnetic Conductor," ARPN Journal of Engineering and Applied Sciences, vol. 12, no. 4, pp.1189-1196, February 2017.

[12.] R.T. Hussein and H. A. Abdulnabi, “Zigzag Edges Toothed Log Periodic Terahertz Antenna Design Based on Graphene Hilbert
Curve AMC," 2018 Third Scientific Conference of Electrical Engineering (SCEE), 2018, pp. 140-143, doi:
10.1109/SCEE.2018.8684111.

[13.] H. A. Abdulnabi, R. T. Hussein and R. S. Fyath, "UWB Single Port Log Periodic Toothed Terahertz Antenna Design Based on
Graphene Artificial Magnetic Conductor,”" Modern Applied Science, vol. 11, no. 3, pp. 86-97, 2017, doi: 10.5539/mas.v11n3p86.

[14] H. A. Abdulnabi, R. T. Hussein and R. S. Fyath, "Design and performance investigation of tunable UWB THz antenna based on
graphene fractal artificial magnetic conductor,” International Journal of Electronics and Communication Engineering &
Technology (IJECET), vol. 6, no. 9, pp. 39-47, Sep. 2015.

[15.] S. Ahmed, Z. A. A. Hassain, H. A. Abdulnabi, and M. Al-Saadi, "Design and bandwidth enhancement of zeroth-order resonator
antenna using metamaterial," TELKOMNIKA Telecommunication Computing Electronics and Control, vol. 20, no. 3, pp. 494-500,
June 2022, doi: 10.12928/telkomnika.v20i3.23295.

[16.] H. M. Marhoon, H. A. Abdulnabi, and Y. Y. Al-Aboosi, "Design and Analysis of Modified Rectangular Microstrip Patch Antenna
for Microwave applications," Journal of Communications, vol. 17, no. 8, pp. 668-674, August 2022, doi: 10.12720/jcm.17.8.668-
674.

[17.] N. Qasem and H. M. Marhoon, "Simulation and optimization of a tuneable rectangular microstrip patch antenna based on hybrid
metal-graphene and FSS superstrate for fifth-generation applications," (TELKOMNIKA) Telecommunication Computing Electronics
and Control, vol. 18, no. 4, pp. 1719-1730, 2020, doi: 10.12928/telkomnika.v18i4.14988.

[18.] H. M. Marhoon and N. Qasem, "Simulation and optimization of tunable microstrip patch antenna for fifth-generation applications
based on graphene," International Journal of Electrical and Computer Engineering (IJECE), vol. 10, no. 5, pp. 5546-5558, 2020,
doi: 10.11591/ijece.v10i5.pp5546-5558.

[19.] Y. Y. Al-Aboosi, A. Kanaa, A. Z. Sha'ameri, and H. A. Abdualnabi, "Diurnal Variability of Underwater Acoustic Noise
Characteristics in Shallow Water," Telecommunication Computing Electronics and Control, vol. 15, no. 1, pp. 314-321, 2017, doi:
10.12928/telkomnika.v15i1.4510.

[20.] D. Behera, B. Dwivedy, D. Mishra, and S. K. Behera, "Design of a CPW fed compact bow-tie microstrip antenna with versatile
frequency tunability,” Institution of Engineering and Technology Microwaves, Antennas & Propagation, vol. 12, no. 6, pp. 841-
849, 2020, doi: 10.1049/iet-map.2017.0421.

[21.] F. Ashari and U. Khayam, "Design and fabrication of log periodic antenna as partial discharge sensor," 2017 4th International
Conference on Electric Vehicular Technology (ICEVT), 2017, pp. 79-81, doi: 10.1109/ICEVT.2017.8323538.

[22.] B. H. Phu, P. M. Quang, D. T. Phuoc and L. N. Duy, "A log-periodic saw-toothed planar antenna for UHF ultra-wideband
applications,” 2013 International Conference on Advanced Technologies for Communications (ATC 2013), 2013, pp. 689-692, doi:
10.1109/ATC.2013.6698203.

Toothed log periodic graphene-based antenna design for THz application ... (Farah Mustafa Rasheed)



33%2 O3 ISSN: 2302-9285

[23.] F.J. Gonzéleza, and G. D. Boremanb, "Comparison of dipole, bowtie, spiral and log-periodic IR antennas,” Infrared Physics &
Technology, vol. 46, no. 5, pp. 418-428, June 2005, doi: 10.1016/j.infrared.2004.09.002.

[24.] D. Kim, C. Y. Park and Y. J. Yoon, "Miniaturized Four-Arm Log-Periodic Toothed Antenna With Wide Bandwidth," in IEEE
Antennas and Wireless Propagation Letters, vol. 21, no. 4, pp. 745-749, April 2022, doi: 10.1109/LAWP.2022.3144694.

[25.] S. R. Patre, S. Singh, and S. P. Singh,"Study of trapezoidal toothed log-periodic antenna fed through tapered microstrip line-to-
coplanar stripline transition," Microwave and Optical Technology Letters, vol. 57, no. 7, pp. 1671-1677, April 2015, doi:
10.1002/mop.29163.

BIOGRAPHIES OF AUTHORS

Farah Mustafa Rasheed Bd 12 received the B.Eng. degree in Communication
Engineering from Engineering College Diyala/ Irag, in 2016. She is currently Lec. in
Computer Department, Baqubah Technical Institute, Middle Technical University. She can
be contacted at email: farah_mustafa21@mtu.edu.iq.

Hussein A. Abdulnabi ' E:J B8 € received the B.Eng. degree in Electrical Engineering from
AL-Rasheed College Baghdad/ Iraq, in 1991, and the master's degree in Electronic &
Communication Engineering Science from Al-Mustansiriyah University in 2000 and the
Ph.D. degree in Communication Engineering from the University of Technology, Iragq in
2017. He is currently a Assoc. Prof. in Electrical Engineering Department/Al-Mustansiriyah
University. His current research interests include communication, antenna design. He can be
contacted at email: Hussein_ali682@yahoo.com.

Bulletin of Electr Eng & Inf, Vol. 11, No. 6, December 2022: 3346-3352


https://orcid.org/0000-0001-8808-3514
https://scholar.google.com/citations?hl=ar&user=kxZ7FUAAAAAJ&view_op=list_works&gmla=AJsN-F6LEnumo_zh-uDdE_wIANJiMEEVjYdB0xbSAozB5CuTycPem58ZQeaaVJBRPDAejpOeMGyJ7esrYDsg-jcVjqbFkyFqYUCYvhgN6MCcJjnmrPp-DANgtXTWR0MKu065OF0m_5OV
https://www.webofscience.com/wos/author/record/31787724
https://orcid.org/0000-0002-2156-2710
https://scholar.google.com/citations?user=YGL0nAcAAAAJ&hl=ar
https://www.scopus.com/authid/detail.uri?authorId=57194783471
https://www.webofscience.com/wos/author/record/1791442

