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Summary 
In this paper, we have simulated a rectangular microstrip patch 
antenna for aerospace applications based on graphen as a 
conductor and a multilayer substrate .as a result of the use of the 
graphen patch we obtained a reconfigurable antenna on the 
frequency range (0.6-0.7 terahertz) with a gain up to 12 db. The 
simulation of this antenna has been performed by using CST 
Microwave Studio, which is a commercially available finite 
integral based electromagnetic simulator. 
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1. Introduction 

Recently, terahertz (THz) technology has been 
focused on astronomy applications. Over the past two 
decades, NASA has successfully designed and deployed 
scientific satellites equipped with THz instruments and 
sensors for astronomy applications [1, 2]. Recent research 
and development activities in THz technologies extend to 
different broader applications, such as security monitoring, 
medical imaging, sensors, and wireless communications 
[3-8]. The demand for data rates and wireless 
communication capacity for today's applications is 
unlimited. Thus, new spectrally efficient modulation and 
interference reduction technologies have been developed 
to enable the growth of data rates in recent years and to 
meet the future demand. To attain these high data rates, one 
feasible solution is to increase the available bandwidth, 
which is not possible below a frequency of 300 GHz, which 
is fully allocated. 

 
 
 
 

 
 

Fig 1. In the THz range of the frequency spectrum, multiple 
gigahertz channel bandwidths are possible. 

 
This demand is met by utilizing a new frequency spectrum 
i.e., THz spectrum, frequencies ranging from 300 GHz to 3 
THz (Fig 1), as it is unallocated [8]. With the development 
of technology and the needs of system-on-chip (SOC), the 
use of multilayer substrate has increased in this frequency 
range. The use of a multilayer substrate for microstrip 
transmission lines has many advantages, such as the ability 
to reduce losses and control the expansion coefficient. In 
addition, it is also an alternative solution to the circuit layout 
and the combination of the substrate and the semiconductor 
layer results in the slow-wave structure .The multilayer 
substrate is also used in antenna design where it has a good 
gain in surface wave immunity and improved bandwidth, in 
addition to good mechanical integration [9].In this paper, 
we have proposed rectangular microstrip patch antenna 
with a dielectric multilayer substrate at THz frequency for 
using higher speed wireless communication systems The 
design of this antenna is based on the principles of 
maximizing the current path for a given area using a 
multilayer substrate to reduce the radiation losses of surface 
waves to increase efficiency [10,13]. Surface waves can be 
reduced by short circuiting the poles due to the surface wave 
discontinuity used in triple dielectric layer structure. The 
organization of the paper is as follows. Section 2 concerns 
the microstrip THz antenna simulation model with copper 
and graphen patch. Section 3 discusses the validation results 
of the simulation and finally, Section 4 concludes the work. 

2. Geometry of the antenna 
A multilayered substrate material transmission line is 

shown in Fig 2. In this figure, a microstrip transmission line 
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of length l, width w, and conductor thickness t is shown. 
However, each layer has different relative dielectric 
permittivity and substrate thickness h s as shown in the 
figure 2.  

 
Fig2: microstrip multilayer antenna permittivity 

 
The proposed microstrip patch antenna consists of a 
rectangular patch on multilayer dielectric substrate 
materials with three different dielectric permittivity and 
thickness. The geometrical configuration of the antenna is 
shown in Figure 2. The dimensions of the antenna ground 
plane and radiating panel are shown in figure [3]. [9, 10] 

 

 

Fig 3 Geometrical configuration of the multilayer dielectric 
substrate single pin shorted microstrip line fed rectangular patch 

antenna 

The first substrate layer on ground plane is 50 µm thick 

having an   = 2.42 with tan ± = 0:0009. This layer is 

followed by 100µm thick substrate layer with an  = 2.2 and 

last layer with 55 µm thick having  = 6:15 with tan ± = 
0:0019.The choice of dielectric permittivity and substrate 
size will determine the surface wave losses. A thicker 
intermediate substrate layer has been used to achieve a wide 
bandwidth. The purpose of taking a high dielectric constant 

for the upper layer is to decrease the radiation loss from the 
feed line and a thinner substrate material has been used to 
achieve maximum bandwidth. When the substrate with high 
relative permittivity is above the substrate with low relative 
permittivity, surface wave suppression occurs. [16, 17]. The 
microstrip line feed used in the proposed antenna. As this 
feeding technique increases the input impedance, it is 
commonly used for matching purposes. The advantages of 
this feeding technique is that a conductive strip is connected 
directly to the edge of the rectangular microstrip antenna 
and  both the feed and the patch are on the surface of the 
substrate which gives a good impedance matching between 
the patch and the feed line. The simulation of the proposed 
rectangular microstrip patch antenna is performed on CST 
Microwave Studio simulator, which is finite integral based 
solver. For a three-layer antenna the effective dielectric 
permittivity of the multilayered substrate material is 
expressed as using the following: 
 

= | | | | | |

| / | | / | | |
       (1) 

Where 

                   D1=                              (2) 

 

D2=  -                            (3) 

 

D3=  -            (4) 

And in general, 

Kn = 
……

  (5) 

 

= ln 2 √

√
) (6) 

 
Applying equations 2, 3,4,5,6 in 1 

We found that our antenna is presented by the following parameters 

Tab 1: OPTIMIZED DIMENSIONS OF THE PROPOSED 
ANTENNA 

Design Parameters Dimensional Value (μm) 
Length of the patch (L) 170,80 

Width of the patch (w) 225,18 

Width of the feed(Wf ) 20 

Length of the ground and substrate 800 

Width of the ground and substrate 800 

Thickness of the patch (t) 5 
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3. Result and discussion 

In Figure 4, we present the return loss characteristic of 
the microstrip patch antenna with the copper patch 

 
Figure 4. Return loss of the copper-microstrip patch antenna 

 
As depicted in this figure, the use of copper as patch 
material as well as feed line material gives a frequency of 
resonance at 0.68 THz with a return loss of only −14 db. 
We replaced the copper patch by the graphen 0.345nm 
patch which is an intelligent material that have agile 
electromagnetic properties, the graphene is a 2D material. 
We have replaced the volumetric patch made of copper 
which presents a thickness equal to 5microns, by a planar 
patch with monoatomic thickness [18, 22]. As shown in 
Figure 5 the return loss S11 for different values of the 
chemical potential EF which Corresponds to different 
values of the external applied electric field. From this figure, 
we can see a reconfiguration in the frequency of the 
coefficient S11. The resonant frequency can be tuned 
continuously from 0.63 THz to 0.7 THz as Fermi level is 
shifted by the applied voltage gate 
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Fig5 Graphene-microstrip patch antenna return loss 

adjustment vs Fermi level value EF. 

 

For this value of EF, the return loss peak reaches −26 dB 
which is almost twice the value obtained with the copper 
patch as represented in  figure 6.Also the gain of the antenna 
shown in figure 7 is above 12 dB at the frequency of  700 
Ghz . This antenna presents a strong gain thanks to the 
amplification of the current on the graphene patch induced 
by the very high mobility of the electrons in the grapheme. 
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Fig 6. Comparison between the return loss of the   copper and 

graphene microstrip patch antenna 
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Fig 7: gain vs. frequency 

In the table below we have shown a comparison between 
the performances of single-layer antenna [9] and the multi-
layer antenna, presented in this paper, which clearly showed 
a significant gain increase in the same frequency band    

Tab2: Comparison between monolayer and multilayer substrate 
antennas at 0.7 THZ with different patches 

antenna 

structure 

monolayer 

antenna(copper)

monolayer 

antenna 

(graphen) [9] 

3 layer 

antenna 

(copper) 

3 layer 

antenna 

(cgraphen) 

gain (dB) 5.63 7.11 7.16 12.2 

directivity 

(dB) 
6.76 8.24 9.31 14.23 
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4. Conclusion 
The comparison of the radiation properties of a patch 

antenna where the patch is made either of Copper or 
Graphene show that the surface conductivity of graphene 
allows a reconfiguration of the radiating Proprieties and the 
multilayer structure give the antenna a remarkable gain 
enhancement. 
 

References  

[1] Siegel, P.H., "THz for space: The golden age," 2010 IEEE MTT-S 
International Microwave Symposium Digest (MTT), 23-28 May 2010 

[2] Peter H. Siegel, "THz Instruments for Space," IEEE Transactions On 
Antennas And Propagation, Vol. 55, No. 11, November 2007 

[3] H. Song and T. Nagatsuma, “Present and future of terahertz 
Communications,” IEEE Trans. TeraHz. Sci. Technol., vol. 1, no. 1, 
pp. 256–263, Sep. 2011. 

[4] Thomas Schneider, Andrzej Wiatrek, Stefan Preußler, Michael 
Grigat, and Ralf-Peter Braun, "Link Budget Analysis for Terahertz 
Fixed Wireless Links," IEEE Transactions On Terahertz Science And 
Technology, Vol. 2, No. 2, March 2012 

[5] T. Kleine-Ostmann and T. Nagatsuma, “A Review on Terahertz 
Communications Research,” Journal of Infrared, Millimeter and 
Terahertz Waves, vol. 32, no. 2, pp. 143–171, 2011. 

[6] M. Tonouchi, “Cutting-edge terahertz technology,” Nature photonics, 
vol. 1, pp. 97–106, 2007. 

[7] R. Piesiewicz, T. Kleine-Ostmann, N. Krumbholz, D. Mittleman, M. 
Koch, J. Schoebel, and T. Kürner, “Short-range ultra-broadband 
terahertz communications: Concepts and perspectives,” IEEE 
Antennas Propog. Mag., vol. 49, no. 6, pp. 24–39, Dec. 2007 

[8] Michael J. Fitch and Robert Osiander, "Terahertz Waves for 
Communications and Sensing," Johns Hopkins APL Technical 
Digest, Volume 25, Number 4 (2004) 

[9] Yoon, Y.J., Kim, B.: New formula for effective dielectric constant in 
multi-dielectric layer microstrip structure. In: Proc. IEEE Conf. on 
Electrical Performance of Electronic Packaging, Scotsdale, AZ, Oct. 
23–25, 2000, pp. 163–167 (2000) 

[10]Jha, K.R., Singh, G.: Analysis and design of rectangular microstrip 
antenna on two-layer substrate materials at terahertz frequency. J. 
Comput. Electron. 9(2), 68–78 (2010) 

[11] THz Rectangular Microstrip Patch Antenna on Multilayered Substrate 
for Advance Wireless Communication Systems PIERS Proceedings, 
Beijing, China, March 23{27, 2009 

[12]. Sharma, A. and G. Singh, \Design of single pin shorted three 
dielectric layered substrate rectangular patch microstrip antenna 
communication systems," Progress In Electromagnetics Research 
Lett., Vol. 2, 157{165, 2008. 

[13] Waterhouse, R. B., S. D. Targonski, and D. M. Kokoto, \Design and 
performance of small printed antennas," IEEE Trans. Ant. Prop., Vol. 
46, 1629{1633, 1998. 

[14] Harokopus, W. P. and P. B. Katehi, Characterization of microstrip 
discontinuities on multilayer dielectric substrate including radiation 
loss," IEEE Trans. Microwave Theory Tech., Vol. 37, 2058{2066, 
1989. 

[15] Tsai, M. J., F. D. Flaviis, O. Fordham, and N. G. Alexopoulos, 
\Modeling planar arbitrarily shaped microstrip elements in 
multilayered media," IEEE Trans. Microwave Theory Tech., Vol. 45, 
330{337, 1997. 

[16]R. Q. Lee and K. F. Lee, “Effects of parasitic patch sizes on multi-
layer electromagnetically coupled patch antenna,” Proc. IEEE Int. 
Symp. Antennas and Propagation Society, vol. 2, pp. 624–627, 1989. 

[17] X. Shen and G. Vandenbosch, “Aperture field analysis of gain 
enhancement method for microstrip antennas,” in Proc. 10th Int. Conf. 
on   Antennas and Propagation, 1997, vol. 1, pp. 186–189. 

[18] Mohamed K. Azizi1, *, Mohamed A. Ksiksi1, Hosni Ajlani2, and Ali 

Gharsallah1, Terahertz Graphene-Based Reconfigurable Patch 

Antenna, Progress In Electromagnetics Research Letters, Vol. 71, 

2017 

 [19]Diego Correas-Serrano and J. Sebastian Gomez-Diaz  Graphene-
based Antennas for Terahertz Systems: A Review, Department of 
Electrical and Computer Engineering, University of California, Davis, 
Davis, CA 95616 USA, Forum for Electromagnetic Research 
Methods and Application Technologies (FERMAT) 

[20]Sambit Kumar Ghosh#a, Somak Bhattacharyya#b, Santanu DasSc, 
Broadband Graphene Based Reflective Cross Polarization Converter 
Metasurface Design with Unity Efficiency in the Lower Terahertz 
Gap Authorized licensed use limited to: University College London. 
Downloaded on July 07,2020 at 00:52:07 UTC from IEEE Xplore. 
Restrictions apply. 

[21]. Hanson, G. W., “Dyadic Green’s functions and guided surface waves 
for a surface conductivity model of graphene,” J. Appl. Phys., 103, 
2008. 

[22]. Gusynin, V. P., S. G. Sharapov, and J. P. Carbotte, “Magneto-optical 
conductivity in graphene,” J. Phys. Condens. Matter., Vol. 19, 
026222, 2007. 

 
Mohamed Amine Ksiksi was born in Tunis, 
Tunisia. He received the master degree in 
Electrical Engineering from the Faculty of 
Sciences of Tunis, Tunisia in 2015. He is currently 
working toward the Ph.D. degree in Electrical 
Engineering at the same faculty. His main research 
interests in the reconfigurable antennas based on 
intelligent materials in the terahertz frequency 
band. 
 (Email: ksiksimedamin@gmail.com) 

 
 Mohamed Karim Azizi received the degree in 
Electronic Baccalaureate in 2006 and the M.Sc. 
degrees in Telecommunications in 2008. From 
2009 until now, he was a Graduate Student 
Researcher with the Unit of Research in High 
Frequency Electronic Circuits and Systems. 
Since August 2009, he has been a contractual 
assistant in the Computer and communication 
Department at Higher Institute of Arts in 

Multimedia of Manouba ,Tunisia. His current research focuses on Almost 
periodic structure, WCIP method, and metamaterials applications. 
(Email: medkarim.azizi@gmail.com ) 
 

Received the degree in Radio Frequency 
Engineering from the Higher School of 
Telecommunication of Tunis in 1986 and the 
Ph.D. degree in 1994 from the Engineering 
School of Tunis. Since 1991, he has been with 
the Department of Physics at the Faculty of 
Sciences of Tunis. Actually, he is a full Professor 
in Electrical Engineering. He had about 80 
articles published in scientific journals and  more 

than a hundred conference articles. Professor Gharsallah supervises more 
than 20 thesis and 50 Masters. 
(Email: ali.gharsallah@gmail.com ) 

 
 


