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ABSTRACT 

This paper presents a novel design of a Substrate-Integrated waveguide-embedded Dielectric Resonator Antenna 

operating at terahertz frequencies, which is suitable for the next generation of wireless communication systems, 

including 6G applications. A novel mickey mouse shaped embedded DRA is constructed from Rogers RT5880 

material. This antenna is fed by “U” with rectangular spiral feed through the cross aperture. The SIDRA provides 

frequencies of 6.41THz, 8.29THz, 12.07THz, 17.3THz, 20.4THz, 27.5THZ with a maximum return loss of 32dB.  

INTRODUCTION 

 

Terahertz band technology is a rapidly developing field in wireless communications. The terahertz frequency range 

has several advantages including higher bandwidth, lower interference, and greater security [1]. Terahertz waves can 

transmit data at rates of up to 1 Tbps, which is 10 times faster than the current 5G technology [2]. Terahertz waves, 

have shorter wavelengths and higher frequencies than millimeter waves. Terahertz waves should be able to carry 

more data more quickly, though they will not be able to propagate as far [3]. A Dielectric Resonator Antenna is 

suitable for many modern wireless applications [4]. There are various basic DRA shapes like rectangular, triangular, 

and cylindrical, etc [5]. A Dielectric Resonator Antenna operates based on the resonance of a dielectric material 

rather than a metallic conductor. DRA has received tremendous attention because of several attractive features such 

as its small size, lightweight, low loss, and ease of excitation [6,7]. The antenna design incorporates an embedded 

dielectric resonator antenna (DRA) to enhance the bandwidth and eliminate unwanted modes to stabilize the gain 

and radiation patterns are stable [8]. SIW is a rectangular waveguide-like structure in an integrated planar form, that 

can be synthesized by conducting cylinders vias or slots embedded in a dielectric substrate that is electrically 

integrated by two parallel metallic plates [9,10]. the SIW-fed DRA (SIW-DRA) is an excellent candidate for low-

loss [11]. Because of the lack of longitudinal surface currents and the gap between the vias, the structure supports 

the TE mode. SIW guide can easily be integrated with active devices because the design of transition between the 

SIW guide and the planar technology is straightforward. [12]. The aperture in the ground plane will reduce the 

interference and ignore impedance mismatch due to multiple layers. Aperture design has to be taken into 
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consideration to avoid impedance mismatch and to obtain more return loss [13]. A Novel feed, excitation method 

has been applied to the DRA for bandwidth improvement[14,15]. 6G is introducing more technologies and 

applications providing higher data rate, higher reliability, and secure efficient transmission [16]. 

The proposed antenna design is a substrate integrated with embedded DRA at terahertz frequency for 6G 

applications. This antenna will work in the frequency range of 1-29 terahertz    

Design and development of antenna: 

The proposed antenna design is SIW-based embedded DRA consisting of two different stages. The first stage comes 

with the design of SIW-based embedded DRA. The second stage corresponds to the design of feed with the cross 

slot. The design and development of the antenna have five-layered configurations as shown in Fig 1. It consists of 

two substrate materials those are Silicon and Rogers RT5880 with different thicknesses Ts1 and Ts2 and the metal 

is copper it is having thickness of 0.035. 

 

FIG :1 Five-Layered configuration 

Design of SIW-based embedded DRA: 

The Mickey Mouse-shaped embedded DRA is constructed from Rogers RT5880 material with a dielectric constant 

of εr = 2.2 and a loss tangent tan δ = 0.0009. A Dielectric Resonator Antenna (DRA) is fed by a 50 Ω feed. The 

Mickey Mouse-shaped embedded DRA is carried out in three different stages. The initial stage of the DRA design 

is a cylinder and the next stage is followed by three different slots and the first slot is placed at the top of the cylinder 

and remaining two slots are placed at 450 degrees angle from the first slot. The final stage of design comes with 

bending the edges of the slots with an angle of 115.500 degrees, and the three attachments are placed to make the 

DRA more stable. The SIW was designed from copper material with a substrate height of Ts2 and vias are placed 

around the DRA which improves the antenna performance. 
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         FIG: 2 Top view of proposed antenna 

Dimensions of Design: 

Parameter                      Description Value (µm) 

Ls Length of the substrate 13.95 

Ws Width of the substrate 13.95 

Ts1 Thickness of the substrate 1 0.254 

Ts2 Thickness of the substrate 2 1.27 

Lg = Lp Length of patch and Length of ground 13.95 

Wg = Lp Width of patch and width of ground 13.95 

Tp = Tg Thickness of patch and thickness of ground 0.035 

Vd Diameter of Vias 0.3 

Vn No. of Vias 24 

Vs Vias spacing 1.46 
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Design of feed: 

The feed is designed in three different stages. The first stage of feed is microstrip line. And the second stage is spiral 

feed. Final stage of feed is comes with a “U” shaped brick is attached in between the microstrip and spiral feed.  The 

antenna is fed by aperture feeding through the cross slot and the cross slot is placed at the ground plane with unequal 

lengths. The ground plane is having the length Lg and width Wg and the thickness is Tg. This feed is used to excite 

Dielectric Resonator Antenna, which resonates at six frequency bands. 

 

Feed Dimensions: 

Parameter                      Description Value (µm) 

Wf = Wf2 Width of the feed 0.34 

Lf Length of the feed 9.475 

Wf1 Width of the feed at “U” shape 0.35 

Wf3=Wf4=Wf5 Width of the feed at spiral 0.3 

G1 Gap at “U” shape 2.2 

G2 Gap between “U” shape and spiral 1.3 

 

The proposed antenna is fed by novel feed shape. The design and development of feed consists of three different 

stages. The first stage of proposed feed design is microtrip line. The microstrip line provide single frequency band 

i.e. 21.8THz. The second stage comes with a rectangular spiral is attached at one end of the microstrip line. The 

rectangular spiral feed provides the three frequency bands i.e 4.22THz, 7.17THZ, 23THZ. The final stage of the feed 

is “U” with rectangular spiral. This optimized feed shape generates the six-frequency bands i.e 6.41THz, 8.29THz, 

12.07THz, 17.3THz, 20.4THz, 27.5THz with different bandwidths. 

 

 

 

 

      FIG: 3 Stage - 1     FIG: 4 Stage - 2 FIG: 5 Stage - 3 
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Feed configurations: 

 

 

 

 

 

Results : 

 

FIG : 6 . Parametric analysis of Feed 

 

 

 

 

 

 

 

 

Shape of the Feed Frequency (THz) 

Microstrip 21.8 

Rectangular Spiral 4.22, 7.17, 23 

“U” with rectangular spiral 6.41, 8.29, 12.07, 17.3, 20.4, 27.5 

(a) 

 

 

(b) 

http://www.ijrti.org/


                  © 2024 IJNRD | Volume 9, Issue 3 March 2024| ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2403608 International Journal of Novel Research and Development (www.ijnrd.org) 
 

 
g55 
c55 

  

FIG : 7 . E-plane and H-plane radiation patterns at (a) 6.41 THz, (b) 8.29 THz, (c) 12.07 THz (d) 17.3 THz (e) 20.4 

THz , and (f) 27.5 THz. 

Conclusion:  

A novel-shaped DRA embedded in Substrate Integrated Waveguide(SIW) with a novel feed configuration for the 

generation of 6 different frequencies with bandwidths is reported in the paper. The proposed design offers a compact 

size with a very low profile in the terahertz frequency range of 1-29 THz operating at 6 frequency bands 6.41, 8.29, 

12.07, 17.3, 20.4, and 27.5 with bandwidths of 6.7%, 6%, 6.1%, 4.1%, 3.6%, 5.75%. So, the proposed embedded 

DRA is a potential candidate for 6G applications 

REFERENCE: 

[1] Y. He, Y. Chen, L. Zhang, S. Wong and Z. N. Chen, "An overview of terahertz antennas," in China 

Communications, vol.17, no.7, pp.124-165,July2020. 

[2] W. Jiang, B. Han, M. A. Habibi, and H. D. Schotten, “The road towards 6G: A comprehensive survey,” IEEE 

Open Journal of the Communications Society, vol. 2, pp. 334–366, 2021. 

[3] M. KOZIOL, “Terahertz waves could push 5G to 6G.” Available at 

https://spectrum.ieee.org/techtalk/telecom/wireless/at-the-6th-annual-brooklyn-5g-summit-some-eyes-are-on-6g, 

2019. 

(c) 

(e) (f) 

(d) 

http://www.ijrti.org/


                  © 2024 IJNRD | Volume 9, Issue 3 March 2024| ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2403608 International Journal of Novel Research and Development (www.ijnrd.org) 
 

 
g56 
c56 

[4] S. Keyrouz and D. Caratelli, “Dielectric Resonator Antennas: Basic Concepts, Design Guidelines, and Recent 

Developments at Millimeter-Wave Frequencies,” International Journal of Antennas and Propagation, Vol. 2016, 

2016. 

[5] Jagadeesh Babu K, Sri Rama Krishna K. A Novel Swastika Shaped Dielectric Resonator Antenna for MIMO 

Systems. IEEE International Microwave RF Conference 2014:170–3. 

[6] X. S. Fang and K. W. Leung, "Designs of Single-, Dual-, Wide-Band Rectangular Dielectric Resonator Antennas 

", VOL. 59, NO. 6, JUNE 2011. 

[7] K. M. Luk and K. W. Leung, Dielectric Resonator Antennas, London, U. K.: Research Studies Press, 2003. 

[8] M. Yang, Y. Pan, Y. Sun and K. Leung, "Wideband Circularly Polarized Substrate-Integrated Embedded 

Dielectric Resonator Antenna for Millimeter-Wave Applications," in IEEE Transactions on Antennas and 

Propagation, vol. 68, no. 2, pp. 1145-1150, Feb. 2020. 

[9] DJERAFI Tarek and WU Ke ," Substrate Integrated Waveguide (SIW) Techniques:The State-of-the-Art 

Developments and Future Trends",Vol.42 No.2,Mar. 2013. 

 [10] X. Yi and H. Wong, "A Wideband Substrate Integrated Waveguide-Fed Open Slot Antenna," in IEEE 

Transactions on Antennas and Propagation, vol. 68, no. 3, pp. 1945-1952, March 2020, doi: 

10.1109/TAP.2019.2948680. 

[11] H. Zhang Cheng, H. Wei, C. AnDing, C. JiXin, and W. Ke, "SIW fed dielectric resonator antennas (SIW-DRA)," 

IEEE International Microwave Symposium Digest, MTT-S, pp. 202-205,2006. 

[12] K. Wu, D. Deslandes and Y. Cassivi, "The substrate integrated circuits - a new concept for high-frequency 

electronics and optoelectronics," 6th International Conference on Telecommunications in Modern Satellite, Cable 

and Broadcasting Service, 2003. TELSIKS 2003., pp. P-III, 2003, doi: 10.1109/TELSKS.2003.1246173. 

[13] SULLIVAN, P.L., and SCHAUBERT, D.H.: ‘Analysis of an aperture coupled microstrip antenna’, IEEE Trans., 

Antennas Propag, 1986, 34, (8), pp. 977-984. 

[14] G. Divya , D. Ramyasree, Y. Anusha, T. Harika, N. Siva Chathanya, T. Sowjanya, “Bandwidth Enhancement of 

Tri-band Rectangular Dielectric Resonator Antenna using Novel Offset Feed for WLAN/WIMAX Applications”, 

International Journal of Innovative Technology and Exploring Engineering, 2020/3, 9. 

[15] G. Divya K. Tulasi, K.Jyothi, B.L.V.Kumari, K. Charitha Sri, M.Mani Kavya, M. Mounika, “A Novel Offset 

Feed Annular Ring Dielectric Resonator Antenna for Bandwidth Enhancement”, Journal International Journal of 

Engineering and Advanced Technology, 2020, 9,4 ,pp. 522-526 

 [16] S. Elmeadawy and R. M. Shubair, “6G Wireless Communications: Future Technologies and Research 

Challenges,” in 2019 International Conference on Electrical and Computing Technologies and Applications  

(ICECTA), pp. 1–5, 2019. 

http://www.ijrti.org/

