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░ ABSTRACT- The continuous demand of sending/receiving various multimedia leads to develop 5G communications 

services. The 5G services requires wide bandwidth, higher speed with less time delay and all that need to use higher frequency 

waves that are millimeter waves. To achieve these requirements investigated a dual-band E-shape patch antenna designed on the 

defected ground structure (DGS) layer for 28.4/36 GHz frequency bands that are available to 5G applications. The resulted 

response of this antenna gives reflection factor (return loss S11) in depth of -20/-25.3dB for lower and upper frequency bands 

respectively.  Moreover, not suffered spurious harmonics in out-of-band rejection.  There is a high isolation between the two bands 

(about 0.2 dB). The less mismatch coincides with acceptable peak gain (3.7/1.6 dB), valuable VSWR (1.2/1.3) and high radiation 

efficiency (90%/84%). Furthermore, the new equivalent antenna circuit with a novel RLC configuration produces a highly 

consistent reflective response with the EM antenna model. In addition, the overall structure of the proposed antenna achieved in 

compact size less than 16 mm2 to serve most of the devices in 5G systems. 

Keywords: Millimeter waves, 5G, E-shape patch, Defected Ground Structure (DGS). 
 

 

░ 1. INTRODUCTION 
The last rising growth in the cellular communication systems 

involves high data rate, large capacity, and wide bandwidth to 

apply the multiple information between the users during short 

time. This demand tended to update generation of the 

communication in general and update the fifth generation (5G) 

in particular, which is expanded successfully with high 

frequency waves like the millimeter waves (mm Waves).  
 

The mm Waves introduce reliable, secure, fast, and directed 

transmission data along wide bandwidth for frequencies more 

than 24 GHz. The characteristics of the mm Waves made it very 

desirable in many applications such as the radar, sensing 

components, and IOT devices. The basic component in 5G mm 

Waves is the antenna which is became in the light zone for the 

researchers that are looking for inexpensive, compact antenna 

design. So, to ensure low-cost antenna design, have been 

suggested dual-band antenna as the listed work in [1-10].  
 

In [1], a circular patch antenna printed on the top side of the 

defected ground to introduce dual-band at 28/38 GHz utilizing 

mm Waves with circuit size about 52 mm2. While in [2], the 

stub-loaded added to the slotted rectangular patch antenna to 

generate the dual-band of the frequency. An antenna fabricated 

in large size, to a certain extent, about 1225 mm2 with valuable 

gain 4.02/3.38 dB at 3.532/6.835 GHz. Another technique for a 

dual-band leaky-wave antenna used in [3], which is based on the 

SIW complicated structure etched on the top side of the first 

layer. The patch antenna inserted in array of microstrip grid and 

feeding with differential structure to present dual-band of the 

frequency at 28/38 GHz with 896 mm2 complete circuit size [4]. 

On the other hand, the microstrip array resonating at mm waves 

connected through thin line feeder with pair patches at each side 

resonating at lower frequency band [5]. By using multilayered 

construction, a parasitic patch for E-band inserted in Ka-band 

array printed in the top layer and E-band network driven in the 

bottom layer and both layers coupled through grounded middle 

layer [6]. In contrast, based on the harmonics of the resonator a 

simple rectangular patch used to give dual-band resonance 

utilizing the multilayered construction [7]. The triple rectangular 

stubs and single triangular stub loaded the patch to introduce 

dual-band antenna resonating at 28/38GHz [8]. Moreover, the 

data transfer, data throughput and the gain of the multiband 

antenna can be rising by MIMO formation [9]. A pair of circular 

patch antenna with etched doughnut slot used to give 2x2 MIMO 
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antenna resonating at 28.08/ 45.54 GHz with peak gain as 

7.67/4.94dB and large size of 108 mm2 [10]. 
 

As is known, microstrip antennas can support cavity resonances, 

much like spherical/cylindrical slotted do with the patch acting 

as a cavity [11, 12]. 
 

In addition, spherical conformal microstrip antennas are a 

bridge between the two-combining microstrip feed with 

spherical form factors (used on helmets, missiles, drones). 

In [13], The size of an antenna is 780 mm 2. The first resonant 

frequency is 5.76 GHz, and the second resonance is 26 GHz. 

While in [14], antenna has a gain of 7.84 dBi at the lower 

frequency and 7.9 dBi at the higher frequency with size of 36.72 

mm 2. In [15], the peak gains of a millimeter-wave antenna 

based on microstrip dual-loop antennas and microstrip patch 

antennas is 8.2 dBi at 27 GHz and 9.6 dBi at 38 GHz 

respectively. A dual-band microstrip patch antenna with a 

rectangular slot etched into a rectangular patch and a half-ring 

slot is designed in [16]. This antenna provides gains of 3.59 dBi 

and 6.68 dBi at 27.68 and 34.64 GHz. The return loss in range 

of −46.39 dB to −28.14 dB. In [17], integrated four rectangular 

slots and a single circular slot in dimensions of 62 mm2. The 

gains of 5.87 dBi and 5.404 dBi and the return losses is -36.45 

dB and -22.81 dB. While in [18], gain varying from 3.8 dBi to 

4.3 dBi. with a radiation efficiency of 61%. 
 

Generally, most discussed papers are suffering large, occupied 

area with complicated structures in some works and that 

compatible with 5G systems, in principle, and that based mm 

Waves, especially. 
 

In this paper a dual-band antenna based on the E-shape patch 

structure with defected ground is presented. Where the defected 

ground structure (DGS) is the popular technique used to give 

additional resonance frequency, enhance impedance bandwidth, 

minimize the attenuation and other functions. The designed 

work produced two bands (28.4/36 GHz) to serve the current 

revolution of the 5G application based on mm Waves. The first 

band generated by the E-Shape structure and the second band 

due to the 𝛌/2 inserted slot in the ground layer by scientific 

calculations appropriated with 36 GHz. 
 

The presented design analyzed and simulated with HFSS 

simulator in term of the VSWR, gain, directivity, reflection 

coefficient and radiation pattern to behave good and acceptable 

values at each term. The final structure designed with USA 

Roger (RO3010) (h = 0.64 mm) substrate in small circuit size 

1ess than 16mm2. 

 

░ 2. E-SHAPE PATCH ANTENNA DESIGN 
To cover millimeter waves, a type presented of microstrip patch 

antenna consists of two slots inserting in the patch fig. 1(a) and 

inserting 𝛌/2 rectangular slot in the ground layer fig. 1(b). Take 

in consideration the 50Ω feed line input is in the centre of the 

overall patch structure. 
 

The basic parameters of an antenna [20, 21]: 

 

L = Leff − 2∆L                                        (1) 

Leff =
c

2fr√εeff
                                         (2) 
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                                         (5) 

 

Where, 𝑐: speed of light,  𝑓𝑟: resonant frequency, L, 𝑊𝑝: length 

and width of the patch respectively, Leff : effective length of the 

patch that should be subtracted from the additional length of the 

fringing effect (∆𝐿), and  𝜀𝑒𝑓𝑓, 𝜀𝑟, ℎ are the effective dielectric, 

relative dielectric and height of the substrate respectively. 
 

To get the compact size of the designed antenna, we configure 

the traditional patch antenna to E-shape patch antenna. In 

addition, E-shape patch antenna increases the matching, 

bandwidth, and selectivity at the desired frequencies (f1, f2). The 

construction of E-shape patch antenna is formed by etching two 

𝛌/4 slots around the input feed line according the following 

equation [20, 22]: 
 

     Lslot =
c

2 fslot √
εr+1

2

,                                    (6) 

 

where, Lslot is the physical length of the structure. 
 

Since the E-shape has a specific or confined current distribution 

within a smaller area, the coupling between the side arms (open-

circuit end) and the middle arm (short-circuit end) is increased, 

thus contributing to the second band being clearly visible, 

forming a dual-band antenna. To get more matching and good 

isolation between the two bands the defected ground is utilized 

as shown in fig. 1(b), where the 𝛌/2 etched ground slot in 

compatibility with the second frequency band. This slot 

increased the matching for the first frequency band (28.4 GHz) 

and contributed to shift the second band to the desired frequency 

(38GHz). 
 

Furthermore, the defected ground indicated by 𝛌/2 slot also 

allowed minimizing the overall designed structure of the antenna 

in compatible way with the 𝛌/4 patch slots. That leaded to 

decrease the expected radiation from the microstrip structure at 

the edge and showed good flatness at the stop bands [23], [24]. 
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(b) 

Figure 1. The structure of E-patch antenna. (a) Top Layer (b) Ground 

Layer 
 

The overall structure of the antenna built with Roger substrate 

(RO3010) which has thickness about 1.64 mm and 10.2 relative 

dielectric. The analysing steps accomplished by using Ansys 

HFSS simulator version 14  [25].  Due to the defected ground, 

the overall dimensions of the antenna had been tuned and 

optimized after inserting in HFSS and that enhanced the results. 

The final dimensions of the designed antenna shown in the table 

1. 
 

░ Table 1. Dimensions of the E-patch antenna structure 
 

Antenna dimensions Label Value (mm) 

Ground Length Lg 3.5 

Ground Width Wg 4.5 

Ground Slot Length LGS 1.19 

Ground Slot Width WGS 1.15 

E-Patch Length LP 1.6 

E-Patch Width WP 3.26 

Feeder Length LF 0.95 

Feeder Width WF 0.5 

Patch Slot Length LPS 0.68 

Patch Slot Width WPS 0.3 

 

░ 3 . ANALYSIS OF THE EQUIVALENT 

CIRCUIT  
As it is known, the microstrip components are distributed 

elements and the equivalent circuit of the components can be 

formed using the passive elements (R, L, C). For high 

compatible reflection response with EM model of the antenna 

new configuration of the lumped equivalent circuit introduced 

as shown in fig. 2 (a). The E-patch equivalent circuit is two RLC 

resonators capacitively coupled. The first (R1, L1, C1) 

resonator represents the middle stub that has straight path of the 

current. The second (R2, L2, C2) resonator of the edge stub 

which has longer path of the current introduces a new 

inductance (∆L) plus the additional capacitance(∆C) due to the 

slots effect. In this paper, the DGS layer represented by parallel 

(L3, C3) resonator with series (R3, C4) circuit due to the 

dielectric material of the substrate. The Keysight ADS ver.11 

[26] used to simulate the overall equivalent circuit fig. 2(a) and 

the reflection coefficient (S11) results viewed high 

compatibility with the electromagnetic simulation of the E-Patch 

by HFSS as shown in fig. 2(b).  
 

The passive elements values of the circuit that achieved by ADS 

as following: R1=2.28KΩ, L1=0.34nH, C1=2.64PF, 

R2=527KΩ, L2=0.06nH, C2=0.02PF, ∆L=0.42nH, ∆C=0.06PF, 

L3=0.5nH, C3=0.11PF, R3=5.7KΩ, C4=0.05PF, Cc1=0.6PF, 

Cc2=0.4PF, Cc3=0.05PF. 

 

(a) 
 

 
(b) 

Figure 2. (a) Lumped equivalent circuit of the proposed antenna 

(b) Reflection coefficients for EM model and the lumped equivalent 

circuit 
 

Another representation equivalent circuit of the designed E-

Patch can be presented using even-odd mod analysis due to 

symmetrical effect [27, 28]. The odd mode fig. 3(a) represents 

the higher frequency band according to the equation (6). The 

even mode fig. 3(b) represents the lower frequency band as 

indicated in equation (8). 
 

fodd =
c

(l₁+l2)√εeff
                                        (7) 

 

fodd =
c

2(l3+l4)√εeff
                                      (8) 

 

 
(a) 
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(b) 

Figure 3. Odd-Even analysis of the designed E-patch antenna (a) Odd 

mode (b) Even mode 
 

░4. RESULTS AND DISCUSSION 

The designed E-Shape antenna simulated by Ansys HFSS 

simulator in free space for mmWave frequencies. Return loss is 

a critical metric that reflects how effectively an antenna is 

aligned with the transmission line or source. A high backlash loss 

(i.e., more negative in decibels) indicates low reflected power 

and low power transfer efficiency. In this graph (figure 4), the 

backlash loss is expected to show sharp notches (deep dips) at 

resonant frequencies, such as 28.4 GHz and 36 GHz. These 

minimum values confirm that the antenna is resonant and well 

aligned in the desired operating bands, which is essential for 

minimal reflection and optimal power savings. Thus, we observe 

a good match in both bands. The lower rejection bands came with 

long range flatness (from 0-26 GHz) that characterizes the 

reflection plot as shown in fig. 4. In addition, the return loss 

showed high selectivity and pure flatness between the two bands. 

The return loss for the first/second bands about 20/25 dB. Such 

that with bandwidth about 300MHz, at the lower band 

(28.4GHz) and 250MHz at the higher band (36GHz). 

 

 

Figure 4.  Return loss against frequency 
 

As for the VSWR, the VSWR presented with less mismatch at 

the desired frequencies and that indicate good matching 

between the input feeding and the patch. The plotted VSWR 

(fig. 5) showed valuable results, where at the first band up to 1.2 

and 1.3 at the second band. The achieved VSWR at the designed 

mmWave frequencies refer to, the proposed antenna can be 

fabricated with compatible measurements at the dual bands. 

 
 

Figure 5. VSWR against frequency 
 

Another significant parameter of the proposed antenna is 

antenna radiation efficiency that shown in fig. 6 (a). Such that, 

the value of the red circle on the y-axis represents the value of 

radiation efficiency with respect to -angle. It is 91% at the 

operating frequencies. At the same time, the radiated power of 

the analyzed E-patch antenna is about 29.5 dBm as shown in 

figure 6 (b). 
 

 
 

(a) 
 

 
(b) 

Figure 6. (a) The value of antenna radiation efficiency with respect to 

-angle (b) The value of antenna radiated power with respect to -angle 
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Taken in consideration the 2D plot, fig. 7, was 3.7dB/1.6dB at 

the first/second band respectively. However, high frequencies 

have less gain compared to low frequencies. This is evident in 

fig. 7, where the gain decreases in the upper band of frequency 

(36GHz) compared to frequency (28.4GHz). The overall gain of 

the proposed antenna which is presented in 3D plot fig. 8 raising 

up to 3.5dB. Figure 9 shows the simulated 3D total directivity. 
 

Figure 7. The 2D simulated gain for desired frequencies 

 

 
 

Figure 8. The 3D simulated gain for desired frequencies 
 

 

Figure 9. The simulated 3D total directivity 

 

The surface current distribution (Amper/meter) of the proposed 

patch antenna, shown in figure 10, is affected by DGS in both 

bands. In fig. 10, at lower band (28.4GHz), the current has been 

increased strongly at the edges of the E-patch and the feed line. 

In other side, at the higher frequency band (36GHz) the central 

edge of the E-patch is activated with higher surface current than 

the edge as shown in fig. 11. 

 

 
 

Figure 10. The surface current distribution at 28.4GHz 
 

 
 

Figure 11. The surface current distribution at 36GHz 
 

As it is known, in antenna theory, cross-polarization refers to the 

unwanted radiation or reception of an electromagnetic wave with 

a polarization perpendicular to the intended polarization. While 

an antenna, ideally, transmits or receives only in its intended, or 

co-polarization, direction, realistic constraints cause some 

energy to be radiated or received in the perpendicular, or cross-

polarization, direction. High cross-polarization is undesirable 

because it can lead to signal interference and reduce the capacity 

of communication links. However, figure 12 shows the co- and 

cross- polarized beam patterns for the proposed antenna. The 

radiation patterns show good patch type radiation for the E-

planes with good cross polar discrimination of at least – 18 dB 

in   90𝑜. 
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Figure 12. Co-polarized and cross polarized radiation patterns 

 

Finally, the table below (Table 2) shows a comparison between 

our research and the last works that were selected for last 

different years. It is clear that the proposed antenna gives high 

radiation efficiency and it has very acceptable VSWR. 

Moreover, the proposed antenna has acceptable gain despite it 

has very small size compared to previous works. This gain can 

be made even greater using adaptive beamforming. In addition, 

it is possible to increase the gain for this antenna by using this 

antenna as a phased array antennas in our future work. 

 

░ Table 2. Comparison between the present work and the 

last works 
 

 

Refer

ences 

Freque

ncy 

(GHz) 

Size 

(mm2) 

Gain S11 

(dB) 

SWR Rad 

eff 

(%) 

[1] 28/38 52.27 6.87/4.17 

dB 

-27/-15 - 90 

[2] 28/38 1122 4.02/3.38 

dB 

-45/-15 - 88.2 

[12] 37.45/3

9.8 

36.7 7.84/7.9 

dBi 

- 47.82 - - 

[14] 27.68/3

4.64 

- 3.59/6.68 

dBi 

−46.39/

−28.14 

1.08/1

.009 

- 

[15] 28/37 62 5.87/5.40 

dBi 

-

36.45/-

22.81 

- - 

[17] 28 - 8.2 dB -38.34 1.0244 77 

Present 

work 

28.4/36 16 3.7dB/1.6 

dB 

-20/-25 1.2/1.3 91 

 

░ 5. CONCLUSION 
This paper offered dual-band E-shape patch antenna with 

defected ground layer. The simulated parameters of the 

presented E-patch antenna have produced valuable results in 

terms of reflection, VSWR, gain and directivity when compared 

to the state-of-the-art research. Subsequently, the lumped 

element circuit has yielded full operation match with 

electromagnetic simulation. It is worth noting that, the overall 

presented structure of the proposed antenna has been constructed 

with less than 16mm2 circuit size and many features that make it 

a very suitable antenna for 5G system applications. It is worth 

noting also that the small dimensions of this antenna (3.5 mm × 

4.5 mm) can be used also in a capsule in medical applications for 

the purpose of conducting medical checks. 
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