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Gain is a fundamental parameter used to assess an antenna's 

power-delivering capability from the transmitter to the 

intended target. It quantifies the maximum intensity of 

radiation emitted by the antenna compared to a lossless 

isotropic antenna receiving the same power. For instance, if an 

antenna has a gain of 2, it implies that the effective power 

delivered is twice as much as that of an isotropic radiator. For 

the NB-IoT band, both the simulated and measured values are 

2100 MHz. The resonating frequency is 2.09 GHz in 

simulation, while the measured resonating frequency is 2100 

MHz. The impedance bandwidth is 120 MHz in simulation, 

compared to 200 MHz in the measured results. Lastly, the 

peak realized gain is 1.07 dB in simulation, while the 

measured peak realized gain is 0.5dB at 4.1 GHz. 

 

Fig. 9. The simulated and measured S11 versus frequency graph 

 

To provide a comprehensive understanding of the antenna's 

characteristics, Fig 11 displays the gain versus frequency plot. 

This graph illustrates how the antenna's gain varies with 

different frequencies. The final design has focused on 

reducing the resonating frequency and enhancing bandwidth, 

potentially at the cost of gain. The iterative design process 

involving DGS, slots, and meandering aims to achieve the 

desired frequency and bandwidth, which could compromise 

the gain performance. Negative gain doesn't necessarily mean 

the antenna is non-functional; it may still be suitable for 

certain applications where other parameters like size, 

frequency, and bandwidth are prioritized over gain. 

Additionally, Fig 12 depicts the antenna's two-dimensional 

radiation pattern, highlighting both co-polarization and cross-

polarization. These patterns give insights into the antenna's 

radiation directionality. To obtain accurate gain 

measurements, we employed the reference gain measurement 

method. This approach ensures reliable and standardized 

measurements, allowing for meaningful comparisons with 

other antennas. By employing this method, we can assess the 

performance of our antenna accurately. Fig 12 provides a 

detailed analysis of the radiation pattern at the antenna's 

center frequency of 2.1 GHz. The E-Plane and H-Plane 

patterns are illustrated, which indicate the antenna's radiation 

characteristics in the horizontal and vertical planes, 

respectively. These patterns aid in understanding the antenna's 

coverage and the direction in which it radiates energy. 

Moreover, we present Table 2, which offers a concise 

comparison between our final antenna and previously 

designed antennas by other authors that have been published. 

This comparison allows for a comprehensive assessment of 

our antenna's performance and highlights its unique features 

and advantages compared to existing designs. 

 

Fig. 10. The simulated VSWR of the final prototype 

 

Fig. 11. The gain vs frequency of the final designed planar antenna 

 

  

                   (a)                                              (b) 

Fig. 12. The simulated and measured radiation pattern of the 

proposed antenna at 2.1 GHz in: (a) E-plane, (b) H-plane  
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TABLE 2 

COMPARISON OF THE FINAL DESIGNED ANTENNA WITH OTHER 

AVAILABLE ANTENNAE FOR IOT TECHNOLOGY 

 

Ref Antenna 

technology 

Substra

te  

Size 

(mm3) 

Oper

ating  

frequ
ency  

Band

widt

h 
(MH

z) 

Peak 

Gain 

(dB) 

Appli

catio

n 

[14] Antenna 
with Array 

FV 55 X 
40 X 

1.56 

2.4 
GHz 

350 6.9 IoT  

[15] Rectangular 

patch  with 
slot 

FR4 39 X 

47 X 
1.56  

2.45 

GHz 

600 4 IoT  

[16] Foldable 

and non-
foldable 

structure 

FR4 56X60

X3.2 

2.4 

GHz 
ISM 

150 2 IoT  

[17] Slotted 

Patch 
MIMO 

FR4 48 X 

48 
X 1.6 

1.73 

&  
2.53 

30  -3.8  NB-

IoT 

[18] Monopole 

patch  
metamateria

l  

FR4 60 X 

60 X 
3.2 

1.1 

&1.6 

180

MHz 
at 1.6 

GHz 

-3.2  

and 
1.1  

IoT 

[19] Switchable 
slot antenna 

FR4 80 X 
80 X 

1.6 

2.4 142 2.33  IoT 

[20] C-shaped 

conforming  

FR4 209 X 

260 X 
1.6 

1.8 

& 
2.4 

100 4.4 IoT 

[21] Reconfigura

ble antenna 

FR4 55 X 

55 X 
1.6 

698

MHz 

10  NA NB-

IoT 

[22] Tuneable 

rectangular 

slot antenna 

Duroid 

5880 

(TM) 

60 X 

30 X 

1.57 

1.8 400 1 IoT 

[23] Meandered 

slot design 

loaded with 
varactor 

diode 

RO435

0 

27 X 

60 X 

0.76 

0.75 

&1.1 

17 1.8 IoT 

[24] Slotted 

square 
patch 

FR4 36.4 X 

36.4 X 
1.6 

2.4 220 3.2 IoT 

Pro

pos

ed 

ante

nna 

Patch with 

slot 

FR4 30 X 

30 X 
1.6 

2.1 

GHz 

120 0.5 NB-

IoT 

IV. CONCLUSION 

The present study introduces a novel design for a 

broadband planar patch antenna to enhance its performance 

characteristics. The antenna configuration incorporates a 

slotted patch and defected ground structure (DGS), both of 

which contribute to its improved functionality. Furthermore, a 

microstrip inset feed line with an optimized width is employed 

to enhance the antenna's bandwidth and impedance-matching 

capabilities. This optimization is achieved through a 

comprehensive parametric study. The proposed antenna 

design exhibits a bandwidth of 120MHz, which aligns with 

the specific requirements of the Narrowband Internet of 

Things (NB-IoT) Band B1 at a frequency of 2100 MHz. As a 

result, the prototype antenna holds promising potential for 

utilization in NB-IoT applications, leveraging its compatibility 

with the designated frequency band. It is important to note 

that the antenna's bandwidth and gain can be further 

augmented by exploring alternative substrate materials and 

incorporating the concept of metamaterials. By selecting 

appropriate substrate materials with superior electrical 

properties, such as high dielectric constant and low loss 

tangent, the overall performance of the antenna can be 

enhanced. Additionally, the integration of metamaterials 

introduces the possibility of manipulating electromagnetic 

waves in novel ways, enabling even greater improvements in 

bandwidth and gain. The proposed broadband planar patch 

antenna design presents a significant advancement in the field 

of wireless communication. Its slotted patch, DGS, and 

optimized microstrip inset feed line contribute to its 

exceptional performance, particularly in terms of bandwidth 

and impedance matching. With its tailored design, the antenna 

fulfills the requirements of the NB-IoT Band B1, rendering it 

a viable solution for various NB-IoT applications. Moreover, 

the potential for further enhancements through the utilization 

of alternative substrate materials and the integration of 

metamaterial concepts highlights the versatility and scalability 

of the proposed design. These avenues of exploration hold 

promise for even greater achievements in terms of bandwidth 

expansion and gain improvement. Overall, the presented 

prototype antenna serves as a stepping stone towards the 

development of more advanced and efficient wireless 

communication systems for the NB-IoT domain. 
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