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ABSTRACT 

The multimedia and the communications in different countries and 

especially in Malaysia recently has been dedicated the bands of the frequency (700 

MHz, 3.5 GHz, and 26/28 GHz) for the using of mobile services of 5G. Meanwhile, 

the transmit array antenna is providing attention for the previous years because 

owing a high gain capability in the communication system. Thus, this project study 

about three different unit cell for transmitarray antenna which are Frequency 

Selective Surfaces (FSS), Metamaterial and Transmit- Receiver types at 26GHz for 

5G applications. Each configuration will be design and simulated using CST 

Software. Then, the design will be characterised and compared. The results show that 

FSS unit cell have achieved S21 phase range of 223 degrees for single layer and 247 

degrees for two layers. In the following, metamaterial and transmit - receiver unit 

cell has obtained 80 degree and 200 degrees respectively. As conclusion, all the unit 

cell is still needs to be further optimised in order to achieve good performances. 
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ABSTRAK 

 

 

                 Multimedia dan komunikasi di setiap negara adalah berbeza dan 

khususnya di Malaysia baru-baru ini telah ditetapkan jalur frekuensi (700 MHz, 3.5 

GHz, dan 26/28 GHz) untuk digunakan bagi perkhidmatan komunikasi mudah alih 

5G. Sementara itu, antena “transmitarray” telah diberi perhatian sebelumnya kerana 

keupayaan mempunyai keuntungan yang tinggi dalam sistem komunikasi. Oleh itu, 

projek ini mengkaji tentang tiga jenis unit sel berbeza untuk antena “transmitarray” 

iaitu “Frequency Selective Surfaces (FSS)”, “Metamaterial” dan “Transmit-

Receiver” pada 26GHz untuk aplikasi 5G. Setiap konfigurasi akan direka bentuk dan 

disimulasikan menggunakan Perisian CST. Kemudian, reka bentuk ini akan dicirikan 

dan dibandingkan diantara satu sama lain. Keputusan simulasi menunjukkan bahawa 

sel unit FSS berjaya mencapai julat fasa S21 sebanyak 223 darjah untuk lapisan 

tunggal dan 247 darjah untuk dua lapisan. Seterusnya, sel unit ”metamaterial” dan 

“transmit – receiver” telah memperolehi julat fasa 80 darjah dan 200 darjah masing-

masing. Sebagai kesimpulan, semua sel unit masih perlu dioptimumkan lagi untuk 

mencapai prestasi yang lebih baik pada masa hadapan.  
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CHAPTER 1  

 

 

INTRODUCTION 

1.1 Problem Background 

According to the recent assigned in malaysia for the 5G by the Malaysian 

communications and multimedia commission for the broadband services, a three 

different bands are going to be available in the service in malaysia, 700MHz 3.5GHz, 

26/28GHz for 5G applications in the future [12], a wide change is coming to be 

available  in the utilities of wireless communications with the ability to perform the 

5G since the antenna is the basic and sufficient for the radio frequency to any type of 

devices. Meanwhile the antenna could play a necessary enhance the 5G applications. 

For moving to the 5G the serious challenge is represent is how to deal with 

bandwidth and the big carrier frequency while the deal with the new bands which 

could be the bandwidth frequency is mostly larger 10 times than the present band 4G 

[13]. The huge amount of the spectrum at millimetre wave frequency are attract more 

concern of cellular utilities supporters to use this underutilized band as useful 

modern technology for 5G, it required a wideband antenna in order to maintain the 

issues regarding to high propagation loss this also require a high gain to overcome 

this issue.[14][15]. Dielectric lens and horn antenna determined as a traditional 

techniques, they are heavy and huge. The planar antenna arrays basically are the 

suitable choice in the modern technology but they suffering from loss in transmission 

lines when it is designed for millimetre wave frequency. Between the different ways 

technologies which are operation as special feeding, the transmitarray antenna could 

provide a high efficiency and wide broadband performance [16]. The required of 

modern transmitarray antenna had increased because this type of antennas are have 

advantages such as low profile, light weight, low cost, high gain, the transmitarrays 

fabrication is very easy because transmitarrays did not need for a complex feeding 

network [17]. We have many types of transmitarray antenna but among the varying 

types we have three different transmitarray antenna and the most common design is 
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receiver-transmitter due the insertion loss is very high by radiating parameter [18]. 

The frequency selective surface could provide high bandwidths [19], furthermore the 

two layer of frequency selective surface could change and enhance the characteristics 

of transmitarray antenna such as control the phase range to performance full 360 

degree and high transmission coefficient magnitude S21. 

The modern technology of transmit array antenna is become very famous due 

of the ability to attract the scientists among antenna filed because the concept of 

transmit array antenna is collecting the best elements and properties of lens antenna 

which is generally depending on the micro strip array and theory and this is 

depending on array theory [1]. Meanwhile this theory will guide us to high radiation 

efficiency including perfect gain and also suitable, flexible radiation achievement. 

The transmitarray antenna is one of suitable option for 5G application because of it is 

suitable services and features look like high gain for the radiation, flexible radiation, 

easy to design and fabricate and lightweight [2].  

1.2 Problem Statement 

           The 5G communication system now days become a major concern in the 

technology society and the new technology is tend to more attenuation typically in 26 

GHz and this will require high gain antenna for 5G applications, also high 

propagation is requirement at high frequency. The different researches on unit cell 

transmittarray antenna have been figured out with using different designs of unit cell 

so the antenna required to design in accurate method. In this research we figured out 

the research on unit cell transmitarray which is carried out three configuration 

different type the first one is metamaterial which is used to match the metamaterial 

layers and in this type of trasnmitarray we could control the phase shaft amplitude by 

change the properties of the metamaterial look like rotation of the receiver patch 

meanwhile the rotation will applied to the bottom patch of the transmitter and this 

will not effect on the magnitude [3], the second configuration type is receiver-

transmitter transmitarray this type is most common because it is able to connect the 

layers by screw or vias, furthermore matches between the incident waves and 

receiver, meanwhile the second layer made up as ground which is used to phase shift 



 

3 

and separation. The third configuration is frequency selective surface (FSS) this type 

contains numbers of layers known as multi-layer which is very common use in 

transmitarray antenna because it have the ability to achieve and performance full 

transmission magnitude and phase shift meanwhile the triple layer of (FSS) is also 

played a necessary role of transmitarray antenna [4]. Thus in this research work we 

are going to analysis the advantages and disadvantages of each one of three different 

type of unit cell and recognize the best configuration unit cell of high gain and the 

lowest attenuation [21]. 

 

 

 

1.3 Research Objectives 

      The objectives of the research are : 

(a) To design and simulate three different types configuration transmitarray unit 

cell (Frequency selective surface, receiver-transmitter, metamaterial). 

(b) To investigate and optimise each of types of unit cell configuration interms of 

S21 magnitude. 

(c) To compare and summarize each of unit cell performances. 

1.4 Scope of research:  

            The scope of the project can be followed as: 

i. simulate and design three unit cell of transmitarray antenna using software 

CST. 

ii. Improve, characterize and  analyzed three different each unit performance.  

 

iii.  comparison of unit cell results. 

 

iv.  Discussion and conclusion of the project. 
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1.5 Chapter outline  

chapter1 contain identify the 5G  in summary including the relationship 

between the modern technology of  5G and the transmitarray antenna unit cell. In this 

chapter also obtained a summery idea of the three different configuration unit cell 

and a brief characteristics for each configuration of transmitarray unit cell to provide 

the 5G applications were also obtained.  

Chapter 2 include literature review this chapter identify the unit cell and 

explain the three different types designs and configuration of unit cell transmitarray 

(FSS, Receiver-Transmitter, Metamaterial) including studying and analysing 

structure of each different type of unit cell . Furthermore this chapter obtain the  

comparison between the three different types configuration of unit cell transmitarray 

and show the characteristics and advantages of unit cell which could give us chance 

to understand the unit cell.  

Chapter 3 include research methodology which is obtain the plan of the 

project to introduce and understand the three different type unit cell. Furthermore  

this chapter explain the practical designs only of each type of transmitarray antenna 

unit cell regarding to describe each design by using CST studio and show the values, 

parameter, dimensions.  

Chapter 4 including the result, we will explain and show the results of three 

different type transmitarray unit cell and discuss the results that we find regarding to 

S21 magnitude and phase shift for each different type of unit cell.  

Chapter 5 including conclusion in overall achievements of  the report the 

recommendation future work. 



40 

REFERENCES 

[1] Abdelrahman, A.H., A.Z. Elsherbeni, and F. Yang, Transmitarray antenna 

design using cross-slot elements with no dielectric substrate. IEEE Antennas 

and Wireless Propagation Letters, 2014. 13: p. 177-180. 

[2] Wu RY, Li YB, Wu W, Shi CB, Cui TJ. High-gain dual-band transmitarray. 

IEEE Transactions on antennas and Propagation. 2017;65(7):3481-8. 

[3] Li X, Hou H, Cai T, Wang G, Cui X, Deng T, editors. High-efficiency 

Receiver-Transmitter Metasurfaces with Independent Control of Polarization, 

Amplitude and Phase. 2020 IEEE 3rd International Conference on Electronic 

Information and Communication Technology (ICEICT); 2020: IEEE. 

[4] Liu Y, Zhang A, Xu Z, Xia S, Shi H. Wideband and low-profile transmitarray 

antenna using transmissive metasurface. Journal of Applied Physics. 

2019;125(4):045103. 

[5] Abdelrahman AH, Elsherbeni AZ, Yang F. Transmitarray antenna design 

using cross-slot elements with no dielectric substrate. IEEE Antennas and 

Wireless Propagation Letters. 2014;13:177-80. 

[6] Abdelrahman AH, Yang F, Elsherbeni AZ, Khidre A, editors. Transmitarray 

antenna design using slot-type element. 2013 IEEE Antennas and 

Propagation Society International Symposium (APSURSI); 2013: IEEE. 

[7] Pan W, Huang C, Ma X, Luo X. An amplifying tunable transmitarray 

element. IEEE Antennas and Wireless Propagation Letters. 2014;13:702-5. 

[8] Xu H-X, Cai T, Zhuang Y-Q, Peng Q, Wang G-M, Liang J-G. Dual-mode 

transmissive metasurface and its applications in multibeam transmitarray. 

IEEE Transactions on Antennas and Propagation. 2017;65(4):1797-806. 

[9] Wu RY, Li YB, Wu W, Shi CB, Cui TJ. High-gain dual-band transmitarray. 

IEEE Transactions on Antennas and Propagation. 2017;65(7):3481-8. 

[10] Reis JR, Caldeirinha RF, Hammoudeh A, Copner N. Electronically 

reconfigurable FSS-inspired transmitarray for 2-D beamsteering. IEEE 

Transactions on Antennas and Propagation. 2017;65(9):4880-5. 

 



 

41 

[11] Clemente A, Dussopt L, Sauleau R, Potier P, Pouliguen P. Wideband 400-

element electronically reconfigurable transmitarray in X band. IEEE 

Transactions on Antennas and Propagation. 2013;61(10):5017-27. 

[12] Hossain AZ, Hassim NB, Azam SK, Islam MS, Hasan MK. A planar antenna 

on flexible substrate for future 5g energy harvesting in malaysia. International 

Journal of Advanced Computer Science and Applications. 2020;11(10). 

[13] Wolff N, Chevtchenko S, Wentzel A, Bengtsson O, Heinrich W, editors. 

Switch-type modulators and PAs for efficient transmitters in the 5G wireless 

infrastructure. 2018 IEEE MTT-S International Microwave Workshop Series 

on 5G Hardware and System Technologies (IMWS-5G); 2018: IEEE. 

[14] Erfani E, Tatu S-O, Niroo-Jazi M, Safavi-Naeini S, editors. A millimeter-

wave transmitarray antenna. 2016 17th International Symposium on Antenna 

Technology and Applied Electromagnetics (ANTEM); 2016: IEEE. 

[15] Artemenko A, Maltsev A, Mozharovskiy A, Sevastyanov A, Ssorin V, 

Maslennikov R. Millimeter-wave electronically steerable integrated lens 

antennas for WLAN/WPAN applications. IEEE Transactions on Antennas 

and Propagation. 2012;61(4):1665-71. 

[16] Artemenko A, Maltsev A, Mozharovskiy A, Sevastyanov A, Ssorin V, 

Maslennikov R. Millimeter-wave electronically steerable integrated lens 

antennas for WLAN/WPAN applications. IEEE Transactions on Antennas 

and Propagation. 2012;61(4):1665-71. 

[17] Xu H-X, Cai T, Zhuang Y-Q, Peng Q, Wang G-M, Liang J-G. Dual-mode 

transmissive metasurface and its applications in multibeam transmitarray. 

IEEE Transactions on Antennas and Propagation. 2017;65(4):1797-806. 

[18] Pan W, Huang C, Ma X, Luo X. An amplifying tunable transmitarray 

element. IEEE Antennas and Wireless Propagation Letters. 2014;13:702-5. 

[19] Hsu C-Y, Hwang L-T, Horng T-S, Wang S-M, Chang F-S, Dorny CN. 

Transmitarray design with enhanced aperture efficiency using small 

frequency selective surface cells and discrete jones matrix analysis. IEEE 

Transactions on Antennas and Propagation. 2018;66(8):3983-94. 

[20] Abdelrahman AH, Yang F, Elsherbeni AZ, Nayeri P. Analysis and design of 

transmitarray antennas. Synthesis Lectures on Antennas. 2017;6(1):1-175. 



42 

[21] Ryan CG, Chaharmir MR, Shaker J, Bray JR, Antar YM, Ittipiboon A. A 

wideband transmitarray using dual-resonant double square rings. IEEE 

Transactions on Antennas and Propagation. 2010;58(5):1486-93. 

 

  

 

 




