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Abstract:  

In this article, a novel two-port dual-band dual-circularly polarized THz Planar slot antenna with diversity is 

designed for 6G application. The antenna consists of a square slot, two asymmetric T-shaped feed lines in 

orthogonal direction protrude from signal lines, and an arrow shaped grounded stub at the inner corner of the 

ground slot between the two orthogonal feed lines at an angle of 45ᵒ. Orthogonal feed lines are used for generation 

of circular polarized waves. If we apply the excitation at another port the sense of circular polarization is 

interchange in both the bands of axial ratio. The lower band of axial ratio covers frequency range of 1.28-2.32THz 
with 58.11% and fc1=1. 80THz.Same for upper band covers frequency range of 3.34–3.51 THz with 5.03% and 

fc2=3.42THz. The two ports of antenna have isolation more than 15 dB and 20dB in the lower and upper band of 

axial ratio. The proposed antenna has both circular polarized bands within the impedance bandwidth. 

Keywords: Multi-port antenna, dual-band, dual-sense of polarization, axial ratio, circular polarization, 

polarization diversity, slot antenna, CPW feed line. 
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I. INTRODUCTION  

OVER the past few decades, wireless data rates have increased significantly, which has prompted scrutiny 

to go into the electromagnetic spectrum's least-explored regions to meet user data needs. In order to address the 
need of capacity limits, the Sub-THz (0.1-0.3 THz) and THz frequency ranges (0.3-10 THz) are therefore taken 

into consideration. This frequency band is anticipated to accommodate 6 G wireless communication technologies 

in the future. [1]. Due to its numerous uses, including imaging, spectroscopy, remote sensing, ultra-high precision 

location, and future wireless communications like T-WLAN, T-WPAN, etc., it has also drawn interest from the 

research community worldwide. The Sub THz band of frequencies, which offer a high data rate, enable extremely 

rapid downloading speeds for computer communications, video conferencing, and holographic gaming, among 

other things. [2–5]. The attenuation and propagation losses caused by the atmosphere must be overcome when 

designing an antenna for the Sub-THz range of frequencies. Low profile antennas with strong gain and wide 

bandwidth are preferred to reduce these losses. [6]. The implementation of an antenna in the terahertz region of 

frequency can be accomplished using a variety of techniques, including an on-chip silicon layer, a patch antenna, 

a Yagi Uda, a Luneburg lens, a silicon micro lens, and a substrate integrated waveguide antenna [7-12]. On-chip 
antennas are simple to combine with other circuits, however because of the lossy substrate, they have a lower 

efficiency. Utilizing a patch antenna at THz is significantly hampered by severe metallic and dielectric losses as 

well as the presence of surface current. High gain is accomplished in Yagi Uda by using linear dipole components 

including reflectors, directors, and feeding elements [13]. Circularly polarized waves can reduce polarization 

losses between the transmitting and receiving antennas, hence dual band antennas for CP are recommended since 

they can be utilized in multiband applications simultaneously. There are two forms of polarization sensing in dual 

band printed antennas for CP, single sense [14-18] and dual sense [15-26]. The dual-sense antennas come in handy 

for applications that call for dual-sense reception of both left- and right-hand circular polarization signals. In the 

event where the spacing between the two frequency bands is narrow, the isolation between the two frequency 

bands in a dual-sense antenna is superior to a single sense antenna. This research article introduces a novel two-

port antenna. Use two asymmetric T-shaped feed lines in orthogonal direction protrude from signal lines, and an 

arrow shaped grounded strip at the left inner side of the slot between the orthogonal asymmetric signal line. The 
axial ratio generated at the lower band due to the orthogonally nature of the signal line. Due to the mirror image 

symmetry the sense of polarization is interchangeable by changing the port of excitation. 
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II. PROPOSED CONFIGURATION OF ANTENNA: 

The schematic representation of the antenna structure (70um × 70 um x 1.6 um) and photograph of 
antenna is shown in Fig.1 and its structural dimensions are shown in caption of fig.1. In the ground plane, a square 

slot is etched and it is fed with a 50Ω feed line of 3.2um of width which is kept at a 0.7um distance from the 

ground plane.  

 

 
Fig.1. Schematic representation of the antenna structure. 

 

(W=70, Ws=50, L1=17, W1=3.2, L2=17, W2=3.2, L3=23, W3=3.2, L4=23, W4=3.2, L5=14.5, W5=4.2, L6=14.5, 

W6=4.2, L7=22, W7=4.6 and h=1.6)   (Unit: micrometers). 

The antenna is modelled using Arlon AD410 (tm) substrate with 1.6um height, the relative dielectric constant, εr 

= 4.1, and loss tangent = 0.003. The width Ws of the slot is approximately half-wavelength at f01. As shown in Fig. 

5, the upper band at f02 is due to the next higher order mode of the rectangular slot. It has square slot ground plane, 

two signal lines normal to each other and an arrow shaped stub connected to slot at 45ᵒ between two normal lines. 

One-line works as stub in normal direction w.r.t other line, when the signal is applied to the any port. 

 

III. THE EVOLUTION OF ANTENNA GEOMETRY AND ANALYSIS 
Antenna evolution steps are explained by four prototypes in Figure 2(a). Antenna 1 has two orthogonally 

oriented signal lines and a square slot ground plane; Antenna 2 includes a grounded stub connected at the inner 

corner of the slot; Antenna 3 includes an arrow shaped stub connected at the inner corner of ground plane; and 

Antenna 4 further includes modified strips width of arrow shaped stub. By placing two orthogonally oriented 

signal lines as shown in Antenna 1 and applying signal at one port same time other port is matched with 50Ω. The 

matched port’s signal line work as a stub in the normal direction of excited port’s line. This results in the 

generation of circular polarization waves as shown in Fig. 2(d). Then, one stub is connected to the ground slot to 

improve axial ratio at lower band and to generate CP in upper band as shown in Antenna 2. Giving the arrow head 

shape to grounded stub by adding two another stubs, enhance and improve the axial ratio bandwidths at lower and 

upper bands as shown in Antenna 3. In Antenna 4, further modification in lower axial ratio bandwidth is done by 

tuning the size of arrow head shaped stub. Their simulated results are shown in Figure 2(b), (c) & (d). 

 
(a) 
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                                            (b)                                                                                                         (c) 

 
(d) 

Fig. 2(a) Steps of prototypes: (b) Simulated results of reflection coefficients, (c) Isolation and (d) Axial 

ratios: of prototypes. 

IV. MECHANISM OF THE PROPOSED DUAL CP ANTENNA 

To verify the generation of dual CP radiation, the simulated surface magnetic current distributions of the proposed 

dual CP antenna at 1.8, and 3.42 THz are illustrated in Figure 3. The proposed antenna is designed to realize 

RHCP and LHCP in +z direction for lower and upper band of axial ratio respectively. 

  

 
Figure 3. Magnetic current distributions of proposed antenna: (a) 1.8 THz, and (b) 3.42 THz. (Excitation 

at port 1) 
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The surface currents at 1.8 THz are shown in Figure 3 (a). At 1.8 THz the direction of magnetic currents 

is in anticlockwise for the top view (+z). So, the CP wave is produced by the proposed antenna is RHCP in nature.  
The 0° phase shows that the superimposed current is -x directed with φ is 45°. For 90° phase, the current is in -y 

directed with φ is 45° and for 180° phase, current is in opposite direction to the current at 0° phase. The current 

direction of 270° phase is opposite to the current at 90° phase. The surface currents at 3.42 THz are shown in 

Figure 3 (b). It can be seen that the CP waves are generated by the magnetic currents rotating in clockwise direction 

results in LHCP radiation. At 3.42 THz, for 0° phase the superimposed current is along -y direction with φ is -

45°. The 90° phase the current is along -y direction with φ is 45°. For 90° phase the current is along -x direction 

with φ is 45°. The 180° phase surface current is opposite to the current phase at 0° phase and the 270° phase 

surface current is opposite to the current at 90° phase. With the help of parametric observation of various 

parameters, the influence on the S11, S21 and AR bandwidth has been observed. The parametric observation is 

presented in figure 4 shows the simulated curves with different optimized values of L3, L4, W5 and W6. From the 

figures 4a, 4b and 4c, it can be clear that this variable mainly affects the impedance bandwidths in the operating 
band. 

  
   (a)                                                                                                                      (b) 

    
(c)                                                                                                         (d) 

   
(e)                                                                                                   (f) 

Fig. 4. Variation of parameters L3, L4, W5 and W6: (a) Reflection coefficients (L3 & L4), (b) the isolation (L3 

& L4), (c) Axial ratios (L3 & L4), (d) Reflection coefficients (W5 & W6), (e) the isolation (W5 & W6) and (f) 

Electrical equivalent diagram with S11/S21 Graph 

 



Design and Analysis of Dual Band Circularly Polarized THz Planar Slot MIMO Antenna for .. 

www.ijres.org                                                                                                                                             102 | Page 

 Next, the effect of the widths of the strips of arrow shaped grounded stub is investigated as shown in 

Fig. 4d, and 4e . The lower cut-off frequency of first band decreases when the widths of (W5 and W6) becomes 
higher. This parameter mainly affects the lower band of S11 bandwidth, where the upper band is almost same and 

lower cut-off frequency of lower band changes significantly. From Fig. 4(e), it can be seen that the increments in 

widths W5 and W6 has ability to shifts the axial ratio bands to lower frequency side. When the feed lines length is 

fixed at L3 and L4 =23um, the desired bandwidth of the proposed antenna can be achieved. It is observed that 

keeping L5, L6=14.5um, L7=22um and W5, W6=5.7um the axial ratio bandwidths lies within the impedance 

bandwidths with good isolation in terms of impedance bandwidths and port isolation.Fig.4(f) provides the 

information about how much series inductance and series capacitance and parallel inductance and capacitance to 

be added in conductor (Patch)- dielectric and dielectric-conductor(ground) medium with respect to 50Ω resistance. 

Total series and parallel capacitance and inductance value extracted by empherical formula, Cseries=2.825fF, 

Lseries=1.435pH and Cparallel=1.148fF, Lparallel=3.531pH at 2.75THz centre frequency. 

 

V. RESULTSAND DISCUSSIONS 

The impedance and isolation curves are shown in figure 5(a). The S11(dB) bandwidths of antenna covers 

the frequencies from 1.19THz to 3.76THz (103.84% & fc=2.475THz) covers both axial ratio bands. Figure 5(b) 

depicts the axial ratio against frequency. The axial ratio bandwidths are about 58.11% (1.28–2.32 THz) at lower 

band and 5.03% (3.34–3.51 THz) at upper band, where S11(dB) is below -10dB. The isolation S21(dB) varies from 

15 to 24dB and 20 to 21dB in lower and upper band of axial ratio. Figure 5(c) depicts the gain against frequency 

that varies from 1.74dB to 4.43dB and 3.5dB to 3.85dB in lower and upper axial ratio bandwidth. For the good 

performance of antenna for diversity in radiation pattern the value of ECC should be less than 0.5. It is good for 

a two-port antenna that ECC should remain below 0.5 as shown in fig.5(d) [24-27]. The proposed antenna satisfies 

this condition for entire axial ratio bandwidth. A closed cavity of suitable size and a reflector at the back side of 

antenna are used for further improvement of gain and cross polarization of the antenna. Fig. 6(a) & (b) show the 

radiation patterns of the antenna at 1.8THz and 3.42THz (Port 1 excitation). The cross polarization is 
approximately greater than 18dB in the direction of maximum radiation (+z dir). 

   
 (a)                                                                                                              (b) 

 

          
(c)                                                                                                              (d) 

Fig. 5. (a) Reflection coefficient and port isolation, (b) axial ratio, (c) Gain, and (d) ECC. 
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(a)                                                                                                          (b) 

Figure 6. (a) Rradiation patterns at1.8THz and (b) 3.42THz (Excitation in port 1) 

 

VI. CONCLUSION: 

A dual band dual circularly polarized square slot antenna with polarization diversity in both band having 
good isolation fed by a CPW has been presented. The return loss is better than 10 dB at both the bands and there 

is isolation between the lower and upper bands of impedance bandwidth. The isolation varies from 15 to 21 dB at 

lower band and 21–25 dB at upper band. Proposed MIMO antenna also circularly polarized in dual band having 

left hand and right hand in nature for vehicular communication. Therefore, this proposed antenna is suitable for 

polarization diversity application in the given axial ratio bands of THz frequency range for 6G application. 
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