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Abstract 
The fields of IoT and smart city have been 
demanding high data rate and quality of 
service that push toward the fifth generation 
(5G) mobile networks. Effective antenna 
systems and designs are necessary for these 
kinds of communication systems. In this 
research, a novel broadband microstrip 
antenna design for usage in 5G systems is 
presented.A Slot loaded inset feed microstrip 
patch antenna is proposed which can be 
employed in the LMDS (local multipoint 
distribution service) and has a central 
operating frequency of 28 GHz. The HFSS 
software has been used to design, model and 
analyze the antenna systems 
Keywords: 
5G, LMDS, microstrip, patch, HFSS. 

I.INTRODUCTION : 
To meet the growing demand in 

telecommunications, IoT and Smart City 
sectors, new technology being developed. With 
the advent of Fifth-generation (5G) wireless 
networks which enables the development of 
“smart cities” and the Internet of Things (IoT). 
Each new technology will have a lot of 
advantages and some disadvantages includes the 
implementation of the new technology, 
designing components for such services etc. On 
the other hand, widespread use of 5G networks 
requires the development of new technological 
advances and antenna infrastructure. In addition 
to antennas for mobile devices, there will be a 
substantial count of antennasinstalled in large 
constructions, especially public utility places. 

5G technological prerequisites include 
increased data throughput (Data rate of 1Gbps), 
unlimited connectivity, availability, and better 
efficiency. The use of a given band is 
determined by its characteristics, which are 
primarily determined by radio signal 
propagation and the availability of spectrum 
resources. Because of its better gain,bandwidth 
and efficiency, it chose a microstrip patch 
antenna that resonates ranges from 28to32 GHz. 

In today's wireless communication, the most 
important antenna criterion is low profile. The 
difficult problem for handheld devices is 
undoubtedly the development of antennas that 
provide continuously improving performance in 
a smaller package. Microstrip antennas are most 
likely the popular and widely used antennas due 
to their ease of circuit integration. 

This paper mainly contains sections 
describing design equations for rectangular 
patch, slot analysis to optimize bandwidth, 
theoretical calculation of return loss and VSWR 
analysis. 

II.DESIGN EQUATIONS OF MICROSTRIP 
ANTENNA 

To make microstrip antennas, a thin metal 
strip or patch is adhered, with the necessary 
grounding, to a dielectric substrate. The 
microstrip patch antennas shape can be square, 
circular, triangular, rectangular, fractal or any 
other shape.For designing antennas, the 
material's dielectric constant should range 
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between 2.2 to 12 [1].  In this antenna design 
FR4 material is used as dielectric substrate 
which has dielectric constant of 4.4. The 
substrate's height is selected that h<< λ0 [1] 
(where, λ0 is the operational wavelength). The 
height of the substrate is chosen as 1.6 mm. The 
patch antenna length (L) and the patch antenna 
width (W) are the design variables for 
microstrip patch antennas for rectangular 
patches (W). The height of the substrate 
enhances the bandwidth of the antenna. The 
material's dielectric constant and the resonant 
frequency are the dependent parameters of patch 
length and width. Inset feed is preferred for 
proper impedance matching [2][3]. 

The primary radiating component of 
Microstrip antenna is the patch. When a 
rectangular patch is used, its width (W) is 
determined by the material's dielectric constant 
(r) and resonance frequency (𝑓𝑓𝑟𝑟 ), which are both 
given by [1] Eq.(1) 

  𝑊𝑊 = 1
2𝑓𝑓𝑟𝑟�𝜇𝜇 0𝜀𝜀0

� 2
𝜀𝜀𝑟𝑟+1

 (1) 

 

Fig-1:Slotted Rectangular Microstrip 
PatchAntenna 

Because some waves travel in the substrate 
and others in the air, the effective dielectric 
constant is introduced to account for the fringing 
effect. 

ForW/h˃1,the effective dielectric constantEq.(2) 
is 

𝜀𝜀𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 =   𝜖𝜖𝑟𝑟+1 
2 +𝜖𝜖𝑟𝑟+2 

2 [1+12 ℎ
𝑊𝑊 ]

−1
2� (2) 

Due to the fringing effect Eq.(3), a patch's 
electrical length is greater than the physical 
length. If the patch length's extended dimension 
is L, then 

∆𝐿𝐿
ℎ

= 0.412
�𝜀𝜀𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 +0.3��𝑊𝑊ℎ +0.264�

�𝜀𝜀𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 −0.258��𝑊𝑊ℎ +0.8�
     (3) 

Thus, the patch's real length is Eq.(4), 

𝐿𝐿 = 1
2𝑓𝑓𝑟𝑟√𝜖𝜖𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 �𝜇𝜇 0𝜀𝜀0

− 2Δ𝐿𝐿         (4) 

III.PATCH ANTENNA WITH SLOT 
LOADED ANALYSIS 

A.  ANALYTICAL CALCULATIONS 
OF SLOT 

In this section a slot loaded microstrip patch 
antenna is analyzed. From figure 1, the 
rectangular slot, which has the dimensions 
length L and width w, is introducedin the 
radiating patch in a typical Microstrip antenna. 
Each slots have equivalent circuit and input 
impedance. If the slots are properly loaded to 
optimize the radiating performance of the 
antenna. 

The efficiency of the antenna is affected by 
the slots loaded on the patch. The rectangular 
microstrip patch antenna with a slot loaded in it 
can be considered of as a parallel combination 
of capacitance C1 Eq. (5), inductance L1 Eq. 
(6), resistance R1 Eq. (7), and resistance of the 
patch [4]. 

                           𝐶𝐶1 = 𝜖𝜖𝑒𝑒𝑒𝑒𝑒𝑒 𝜀𝜀𝑜𝑜𝐿𝐿𝐿𝐿
2ℎ

cos−2 �Π𝑧𝑧𝑜𝑜
𝐿𝐿
�    (5) 

 
 

Fig-2. Equivalent Circuit of Slotted 
Rectangular Microstrip Patch Antenna 

  𝐿𝐿1 = 1
𝐶𝐶1𝜔𝜔𝑟𝑟

2                         (6) 

  𝑅𝑅1 = 𝑄𝑄
𝜔𝜔𝑟𝑟𝐶𝐶1

                                 (7) 

h=Thickness of substrate 

ξeff=Effective dielectric cconstant 

ξ0=Permittivity of frees pace 

Z0= Feed point location along z-axis 
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The input impedance(Zin) of the above 
excluding slot can be expressed as, 

𝑍𝑍𝑖𝑖𝑖𝑖 = 1
1
𝑅𝑅1

+𝑗𝑗𝑗𝑗 𝐶𝐶1+ 1
𝑗𝑗𝑗𝑗 𝐿𝐿1

                          (7) 

Then above expression can be expressed as, 

𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑅𝑅 − 𝑗𝑗𝑗𝑗 
The input impedance of slot loaded on patch is 
Eq. (8) 

𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑋𝑋.𝑋𝑋𝑠𝑠+𝑗𝑗𝑗𝑗 .𝑋𝑋𝑠𝑠
𝑅𝑅−𝑗𝑗 (𝑋𝑋−𝑋𝑋𝑠𝑠)

              (8) 

Reflection Co efficient, Γ = 𝑍𝑍𝑜𝑜−𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖
𝑍𝑍𝑜𝑜+𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖

             (9) 

Return loss = 20 log |Γ|0 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 1+|Γ|
1−|Γ|

                     (10) 

As a result, the position on the patch has an 
impact on return loss and VSWR Eq.(10). The 
return loss and VSWR plot affect bandwidth. 
Therefore, the slot on the patch also affects 
bandwidth. 
IV. ANTENNA DESIGN 

The choice of substrate material and substrate 
thickness constitute the antenna design. The 
1.6mm thick substrate for 5G's 28GHz band is 
made of the FR4 material [5-11] 
 

 
Fig .3. Proposed Slotted Microstrip Patch 
Antenna 

TABLE.I 
Antenna 

Components 
Dimensions 

(mm) 
Ground plane 

width 
8.4 

Ground plane 
length 

6.8 

Substrate thickness 1.6 
Patch width 3.6 

Patch length 1.24 
Feed width 1.26 
Feed length 3.1 

Inset feed width 0.68 
Inset feed length 0.5 
Waveport width 3.2 
Waveport length 2 

Slot width 0.5 
Slot length 3 

a.Slotted Microstrip Patch Antenna 
Dimensions 

 

 
Fig -4 : Reflection Coefficient andBandwidth 

Slot loaded microstrip antenna radiates 
effectively between 27.5 GHz to 30 GHz with 
overall bandwidth of 2.5 GHz. The reflection 
coefficient value ranges upto -31 db. The 
VSWR values plotted in fig .4. This proposed 
antenna is well suited for 5G LMDS 
applications. 

Fig .4. VSWR Measurement 
V. CONCLUSIONS 

Introducing therectangular slot in rectangular 
microstrip patch antenna reduces the resonant 
frequency while increasing antenna bandwidth 
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by nearly 50%. When compared to a patch 
without a slot, the resonant frequency varies 
slightly. For a given slot length, the bandwidth 
also increases with slot width. The S11 value of 
the proposed antenna is nearly – 30dB at the 
resonant frequency. The suggested antenna 
would be an excellent choice for 5G LMDS 
applications. 
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