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ABSTRACT 

In this paper, a defective ground structure (DGS) based 2-port and 4-port circular patch antennas with rectangular 

slots (CPRS) is presented. The proposed CPRS MIMO antenna with quadrilateral DGS delivers ultra-wide bandwidth (UWB) 

and multiband frequencies. The 40mm x 40mm x 1.6mm CPRS MIMO antenna operates in the frequency band of 4 GHz to 

20 GHz. The 4-port CPRS MIMO antenna uses three frequency bands for operation with a bandwidth of 360MHz, 1.21GHz, 

and 1.15GHz. With the introduction of DGS, the bandwidth increases to 3.44 GHz, 2.01 GHz, and 5.73 GHz, and peak gain 

is increased to 6.9 db. Other performance characteristics observed are ECC < 0.04, DG > 9.99, TARC is -27.5 dB, and CCL 

< 0.275 bits/Hz/sec. Simulations are performed in ANSYS HFSS EM solver. 
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1. INTRODUCTION 

  The developments in wireless communication 

devices are contributing to a rise in demand for low-profile, 

compact antennas that possess an enormous operating 

frequency bandwidth as well as significant gain. For such 

applications, microstrip patch antennas have numerous 

benefits, such as low profile, lightweight, and compactness. 

The demand for wireless networks with higher data rates 

and channel capacities has increased due to the extensive 

use of online platforms. MIMO-printed antennas have 

thereby become a viable option for high-speed 

communication technologies, representing a novel form of 

antenna design. 

A four-element MIMO antenna resonates at three 

frequency bands from 3.3GHz - 3.7GHz, 5.15GHz - 

5.87GHz, and 7.1GHz - 7.9GHz is achieved by various slots 

on square-shaped antenna elements along with a mutual 

coupling of < -22 dB and gain ranging between 1.4 - 4.6 dBi 

is reported [1]. A quasi-complimentary antenna for a 

MIMO system has a gain of 2.8 dB at 2 GHz and 5.7 dB at 

5 GHz and operates in a frequency spectrum of 0.7 to 2.1 

GHz with envelope correlation < 0.04% [2]. MIMO antenna 

with two microstrip fed antenna elements and a T-shaped 

strip, operating in a 3.08GHz - 11.8GHz frequency band 

with a rejection band of 5.03GHz - 5.97GHz, -15 dB of 

isolation and 0.02 of ECC is presented [3]. An empirical 

approach for calculating different DRA modes is discussed 

with new ideas for hybrid DRA designs [4]. 

Two elements MIMO antenna with a T junction power feed 

network operating over a frequency band of 25.5GHz - 

29.6GHz with 8.3dBi gain is reported [5]. Two meandered 

monopole-based MIMO antennas with L-shaped parasitic 

strips and stubs are reported with high isolation [6]. MIMO 

antenna contains two L slot elements suitable for UWB 

applications with an ECC of 0.02 is presented [7]. A 42 x 

25 mm2 MIMO antenna operating between 3.1 to 12 GHz, 

ECC of 0.5, an isolation of >22 dB, and 0.4 bits/Hz/sec of 

CCL is reported [8]. Two rectangular dielectric resonator 

MIMO antennas with microstrip fed slots resonate at a 

frequency band of 27.25 to 28.59 GHz with an isolation of 

24dB and an ECC of 0.01 is presented [9]. 

To enhance isolation, a metal strip is placed on the 

upper surface of every dielectric resonator operating in the 

34.1 to 38.9 GHz frequency region [10]. It is reported that 

a dual-band MIMO antenna with monopole design operates 

in the 2.4GHz - 2.7GHz and 3.3GHz - 3.6GHz frequency 

ranges [11]. An 8-port MIMO antenna operating in a 23.1 - 

27.3GHz frequency band with 5.68 GHz bandwidth, a gain 

of 6.4 dB, and ECC < 0.03 is presented [12]. To improve 

isolation and obtain ECC<0.04 and DG > 7.4dB acceptable 

for UWB applications, an F-shaped stud is presented in the 

ground plane [13].  

Circular slotted monopole and U-shaped 

monopole are used to achieve an isolation of -17dB [14]. A 

triple band 4-port UWB MIMO antenna with gain varying 

from 2.5 dBi to 5.5dBi, ECC < 0.05 and TARC < −40dB is 

reported [15]. A 4x6 array MIMO antenna operating in X 

and Ku bands with a bandwidth of 27.7 % in X-band 

vertical polarization is presented [16]. A hexagonal patch 

antenna with different slots implemented to achieve a peak 

gain of 6.8dBi is presented [17]. With the introduction of a 

pentagonal slot and DGS to the pentagonal patch antenna, 

the bandwidth is increased from 4.32dBi to 4.5dBi in the 

lower operating frequency region [18]. 

An asymmetry was introduced into the structure of 

a standard cylindrical dielectric resonator antenna to 

achieve two orthogonal CP radiation modes [19]. An 

antenna with nine dielectric resonators are proposed for X-

band applications with bandwidth of 56% and 8.3 dBi of 

gain [20].  Rectangular slots on the octagonal patch 

antennas are suitable for X and Ku band applications [21].  
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In this paper, a 2-port and 4-port CPRS MIMO 

antenna with and without DGS are proposed. The 

performance of the 4 port CPRS UWB-MIMO antenna is 

assessed using parametric analysis. The suggested antennas 

are operated for multiband and UWB applications. 

The overall structure of the paper is as follows. 

Section 2 includes the CPRS antenna designing and 

modeling de. Section 3 includes a 2-Port CPRS MIMO 

antenna. Section 4, the performance and parametric analysis 

of 4 port CPRS MIMO antenna is discussed. The 2-port 

CPRS MIMO antenna with DGS measurement setup is 

presented in section 5. Section 6 compares the proposed 

CPRS's performance attributes. In section 7 the conclusions 

are presented. 

 

2. ANTENNA MODELLING  

The following steps are followed to design the 

CPRS antenna. At first, an antenna with the circular patch 

(CPA) is designed, and then a rectangular strip is 

integrated below the patch. After that slots are created in 

the CPA as shown in Figure-1.  

 

 

                    (i)                                    (ii) 
 

Figure-1. CPRS Antenna (i) Front View (ii) Back view. 

 

A quadrilateral DGS implementation in the ground 

plane is shown in Figure-2.  

 

 
                     (i)                                  (ii) 
 

Figure-2. The CPRS Antenna with DGS (i) Front  

View (ii) Back view. 

 

 

 

Table-1. The optimized dimensions of the CPRS antenna. 
 

Parameters 
Value 

(mm) 
Parameters 

Value 

(mm) 

Lg 20 m 12 

Wg 20 h 1.6 

u 4 p 8 

v 1.5 q 2 

w 1.5 j 3 

x 1 k 5 

y 2 i 4 

z 2 l 2 

s 2 o 1 

 

Table-1 displays the optimised CPRS antenna 

dimensions and the resonant frequency is calculated by the 

formula given below. 

 

 𝑓𝑟𝑒𝑠𝑜 = 8.791 𝑥 109𝑟 √∈𝑟  

Where  

       ∈𝑟  = Effective dielectric radius.          𝑟     = Radius of CPA.         𝑓𝑟𝑒𝑠𝑜= Resonant frequency of CPA. 

 

A. Performance Analysis of Basic CPRS 

In Figure-3, S11 plots of CPA, CPA with a 

rectangular strip, and CPRS are displayed. The CPA 

operates in 15.21 GHz to 17.91 GHz and 19 GHz to 20 GHz 

with 2.7 GHz and 1GHz bandwidth and a peak gain of 

7.2dB. A rectangular strip is inserted into the CPA antenna 

and operates in the resonant band of 14.33 GHz to 17.38 

GHz with a bandwidth of 3.08 GHz resonating at 11.4 GHz 

with 11.8 dB of gain. The CPRS antenna operates over a 

triple frequency band ranging from 11.02 GHz-11.37 GHz, 

13.64 GHz-14.71 GHz, and 17.59 GHz–19.13 GHz with 

350 MHz, 1.07 GHz, 1.54 GHz bandwidth respectively, and 

the gain of 6 dB.  

 

 
 

Figure-3. S11 plot of CPA, Rectangular strip slotted  

CPA and CPRS. 
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B. Analysis of CPRS Antenna with and without DGS 

The dual operating bands of the CPRS antenna 

with DGS range from 4.98GHz to 8.08GHz and 11.49GHz 

to 20GHz with a bandwidth of 3.10GHz and 8.51GHz 

respectively. A 6.9 dB peak gain is obtained by the antenna. 

The CPRS antenna without DGS offers triple frequency 

bands covering a bandwidth of 350 MHz, 1.07 GHz, and 

1.54 GHz with a gain of 6 dB. With and without DGS, the 

S11 plots for the CPRS antenna are presented in Figure-4. 

 

 
 

Figure-4. S11 plot of CPRS antenna with and  

without DGS. 

 

3. 2-PORT CPRS MIMO ANTENNA 

Figure-5 shows, a 2-port CPRS MIMO antenna of 

40 x 20 x 1.6 mm3. 

 

 
 

Figure-5. DGS based 2-Port CPRS MIMO antenna 

Front View (ii) Back view. 

 

A. Analysis of 2-Port CPRS MIMO Antenna 

 

 
 

Figure-6. With and without DGS, scattering coefficients 

of 2-port CPRS MIMO antenna. 

 

With and without DGS, scattering coefficients of 

the 2-port CPRS MIMO antenna are shown in Figure-6. The 

2-port CPRS MIMO antenna without DGS offers a triple 

frequency band of 10.60GHz- 11.02 GHz, 13.61 GHz- 

14.42 GHz, and 17.03 GHz-18.22 GHz with 420 MHz, 

810MHz, and 1.19 GHz of bandwidth respectively with 

6.12dB of maximum gain. By introducing DGS, the antenna 

offers a dual frequency band of 4.96 GHz - 8.04 GHz, 11.47 

GHz - 20 GHz with a bandwidth of 3.08 GHz, and 8.53GHz 

with a peak gain of 7.1 dB. 

 

B. Gain 

The gain of 2–port CPRS MIMO antenna without 

DGS varies from 4.5 dB - 6.12 dB with a maximum gain of 

6.12dB at 14.02 GHz. With the introduction of DGS, the 

gain varies from 3.4dB to 7.1dB with a high gain of 7.1dB 

at 16.78GHz are shown in Figure-7. 

 

 
(i)                                    (ii) 

 

Figure-7. 3D Gain of 2-Port CPRS MIMO antenna 

(i) Without DGS at 14.02GHz (ii) With DGS  

at 16.78GHz. 

 

C. E & H Plane Patterns 

The E & H Plane patterns of the 2-port CPRS 

MIMO antenna are plotted at high gain frequencies without 

DGS at 6.26 GHz and with DGS at 10.58 GHz are presented 

in Figure-8. 
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Figure-8. E & H plane patterns of 2-port CPRS MIMO 

antenna (i) Without DGS at 6.26GHz (ii) With DGS 

at 10.58GHz. 

 

4. 4-PORT CPRS MIMO ANTENNA 

The 40 x 40 x 1.6 mm3 4-Port CPRS MIMO 

antenna is shown in Figure-9. 

 

 
(i)                                (ii) 

 

Figure-9. 4-port CPRS MIMO Antenna with DGS 

(i) Front View (ii) Back view. 

 

With and without DGS, S11 of 4-port CPRS MIMO 

antenna are shown in Figure-10. Without DGS it offers 

triple operating bands in a frequency range of 10.96 GHz-

11.32 GHz, 13.50 GHz-14.71 GHz, and 17.22 GHz-18.37 

GHz with 360 MHz, 1.21 GHz, and 1.15 GHz bandwidth 

respectively and it offers a peak gain of 5.7dB. By 

introducing DGS, the antenna operated in 4.13 GHz-7.57 

GHz, 11.59 GHz-13.60 GHz, and 14.27 GHz-20GHz 

frequency bands with 3.44GHz, 2.01GHz and 5.73GHz 

bandwidth respectively, and gain of 6.9 dB.  

 

 
 

Figure-10. With and without DGS, S11 Plot of 4-port 

CPRS MIMO antenna. 

 

The simulated parameters for characterizing the 

isolation of the antenna are presented in Figure-11, it shows 

an isolation of < -10 dB in the entire frequency band, and 

the parameters of S21 and S41 are observed to be 

symmetrically equal. 

 

 
(i)                           (ii) 

 

Figure-11. S- parameters of 4-port CPRS MIMO antenna  

(i) Without DGS (ii) With DGS. 

 

A. 3D Gain 

The gain of a 4-port CPRS MIMO antenna without 

DGS varies from 3.8 dB to 5.7 dB with a gain of 5.7 dB at 

14.02 GHz. With the introduction of DGS, the gain varies 

from 3.1 to 6.9 dB with a peak gain of 6.9 dB at 16.2 GHz 

are shown in Figure-12. 

 

 
                    (i)                                            (ii) 
 

Figure-12. 3D Gain of 4-Port CPRS MIMO antenna 

(i)Without DGS (ii) With DGS. 
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B. E & H Plane Patterns 

The E & H Plane patterns of the 4-port CPRS 

MIMO antenna are shown in Figure-13. 

 

 
 

Figure-13. E & H plane patterns of 4-port CPRS MIMO 

antenna (i) Without DGS at 7.29GHz (ii) With DGS 

at 4.08GHz. 

 

C. Parametric Analysis of 4-Port CPRS MIMO 

Antenna 

In the section below, the parametric analysis of the 

4-port CPRS MIMO antenna is presented. 

 

a) Envelope correlation coefficient (ECC) 

The ECC provides information on the radiation 

patterns of the two separate antennas. Isolation can also be 

studied from the Envelope Correlation Co-efficient (ECC). 

The ideal value for ECC is zero, in practice, the acceptable 

limit must be less than 0.5. Figure-14 shows ECC for the 

proposed 4-port CPRS MIMO antenna is less than 0.04. 
 ECC =  (Sii∗Sij + Sji∗Sjj)2(1 − |Sii|2 − Sij2)(1 − |Sij|2 − SJj2) 

 

 
 

Figure-14. ECC of 4-Port CPRS MIMO antenna with 

and Without DGS. 

 

b) Diversity gain (DG) 

Figure-15 illustrates the 4-port CPRS MIMO 

antenna's DG, which ranges between 9.99 to 10 dB across 

the band. 

 

                         𝐷𝐺 = 10√1 − |𝜌𝑒𝑖𝑗|2
 

 
 

Figure-15. DG of 4-Port CPRS MIMO antenna with 

and without DGS. 
 

c) Total active reflective coefficient (TARC) 

A parameter to consider when describing 

multiport arrays of antennas used in MIMO platforms and 

array antennas is the TARC and it is calculated by the given 

formula. Figure-16 shows the TARC values. The lowest 

value of -27.5 dB TARC is obtained. 
 

                  Γ = √(|Sii+Sijejθ|2)+(|Sji+Sjjejθ|2)√2  

 

 
 

Figure-16. TARC of 4-Port CPRS MIMO antenna  

With and without DGS. 
 

d) CCL 

The CCL is the channel capacity loss due to 

correlation. By using the given formula, the CCL obtained 

is < 0.4 bits/Hz for the total operating band and it varies 

from -0.1 to 0.275 bits/Hz/sec as shown in Figure-17. 𝐶𝑙𝑜𝑠𝑠 =  −𝑙𝑜𝑔2det (𝑎) 

Where ‘a’ is the correlation matrix  

                                   𝑎 = [𝑐11 𝑐12𝑐21 𝑐22] 

Where, 𝑐𝑥𝑥 = 1 − (|𝑆𝑥𝑥|2 − |𝑆𝑥𝑦|2) 𝑐𝑥𝑦 = (𝑆𝑥𝑥∗𝑆𝑥𝑦 + 𝑆𝑦𝑥𝑆𝑦𝑦∗) cyx = (Syy∗Syx + SxySxx∗) cyy = 1 − (|Syy|2 − |Syx|2) 
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Figure-17. CCL of 4-Port CPRS MIMO antenna with  

and without DGS. 

 

5. FABRICATION AND MEASUREMENT OF 2-

PORT MIMO WITH DGS 

Figure-18 shows the fabricated structure of a 2-

port MIMO antenna with DGS. Figure-19 shows the 

experimental setup in an anechoic chamber. In Figure-20 

the comparison of measured and simulated S11 is 

presented. Figure-21 shows the normalised measured E & 

H plane patterns.  

 

 
                     (i)                                   (ii) 
 

Figure-18. Fabricated structure of 2-port MIMO antenna 

with DGS (i) Front view (ii) Back view. 

 

 

 

 

 

 
(i)         (ii) 

 

Figure-19. Experimental setup of 2-port MIMO  

antenna with DGS. 

 

 
 

Figure-20. Reflection Coefficient (S11) of simulated and 

measured values comparison of 2-port MIMO  

antenna with DGS. 

 

 
                   (i)                                        (ii) 
 

Figure-21. E & H plane patterns of 2-port MIMO antenna 

with DGS (i) at 7.35 GHz (ii) at 14.02 GHz. 

 

6. COMPARISON OF PERFORMANCE 

CHARACTERISTICS OF THE PROPOSED 

ANTENNAS 

The comparison of performance characteristics of 

the CPRS, 2-port, and 4-port CPRS MIMO antennas with 

and without DGS are tabulated in Table-2. 
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Table-2. Comparison of the suggested antenna structures simulated outcomes. 
 

Type of Antenna Bandwidth (GHz) 
Operating frequencies 

(GHz) 

Peak Gain 

(dB) 

CPRS Antenna 

0.35 

1.07 

1.54 

(11.02 - 11.37), 

(13.64 - 14.71), 

(17.59 - 19.13) 

 

6 

CPRS Antenna with 

DGS 

3.10 

8.51 

(4.98 - 8.08), 

(11.49 - 20) 
6.9 

2-Port CPRS Antenna 

0.42 

0.81 

1.19 

(10.60 - 11.02), 

(13.61 - 14.42), 

(17.03 - 18.22) 

 

6.126 

2-Port CPRS Antenna 

with DGS 

3.08 

8.53 

(4.96-8.04), 

(11.47-20) 
7.1 

4-Port CPRS Antenna 

0.36 

1.21 

1.15 

(10.96 - 11.32), 

(13.50 - 14.71), 

(17.22 - 18.37) 

 

5.7 

4-Port CPRS Antenna 

with DGS 

3.44 

2.01 

5.73 

(4.13 – 7.57), 

(11.59 – 13.60), 

(14.27 – 20) 

 

6.9 

 

Table-3. Comparison of the works reported in open literature. 
 

Ref. 
Size 

(mm2) 

Operating frequency 

(GHz) 

10dB RL BW 

(GHz) 
Gain (dB) 

[1] 39 x 39 

3.3-3.7, 

5.15-5.87, 

7.1-7.9 

0.4, 

0.72, 

0.8 

1.4-4.6 

[5] 30 -35 26.8-29.6 2.8 8.3 

[7] 42 x 25 3.1-12 8.9 1.7-4.2 

[11] 31.2x31.2 23.1-27.3 5.68 6.4 

[15] 77 x79 
8.3-11.3, 

12.2-15.52 

3.0, 

3.32 
2.5-5.5 

[17] 52 x46 2-13.5 11.5 6.8 

[18] 52 x46 
2.2-4.7, 

7.1-10.4 

2.5, 

3.3 
4.32 

CPRS 20 x20 
4.98-8.08, 

11.49-20 

3.10, 

8.53 
6.9 

2-port CPRS 

MIMO 
40 x20 

4.96-8.04, 

11.47-18.75 

3.08 

7.28 
7.1 

4-port CPRS 

MIMO 
40 x40 

4.13-7.57, 

11.59-13.60, 

14.27-20 

3.44, 2.01, 

5.73 
6.9 

 

7. CONCLUSION 

The proposed CPRS MIMO antennas are designed 

for multiband and UWB applications. The 2-port CPRS 

MIMO antenna with DGS is fabricated which operates over 

a frequency range of 4.96 - 8.04GHz and 11.47 - 20GHz. 

With the introduction of DGS, the operating bandwidth and 

peak gain are increased. The 2-port CPRS MIMO antenna 

is a broadband antenna with a bandwidth ratio of 53.9% and 

it is operated in C, Ku, and Ka bands. The 4-port CPRS 

MIMO antenna is a multiband antenna with a bandwidth of 

360MHz, 1.21GHz, and 1.15GHz with a peak gain of 

5.7dB. With the introduction of quadrilateral DGS the 

operating frequency bandwidths are increased to 3.44 GHz, 

2.01 GHz, and 5.73 GHz respectively with a peak gain of 

6.9 dB. The performance characteristics of the proposed 

antenna are ECC < 0.04, DG > 9.99dB, TARC is -27.5 dB, 

and CCL < 0.275 bits/Hz/sec. Measured and simulation 

results are in close agreement.  
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