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Abstract - The 5G cellular system is expected to have a wide 
spectrum. The antenna design for 5G application is 
challenging task. This paper consists of the antenna design for 
the 5G application which will use microstrip patch antenna 
with slots loaded on the radiating patch to improve the 
performance of antenna in terms of gain, radiation pattern 
and bandwidth at 5-6GHz spectrum. Microstrip antennas have 
several advantages like low profile, low cost and ease of 
fabrication. Major disadvantage of the microstrip patch 
antenna is its inherently narrow impedance bandwidth. By 
loading some specific slot in the radiating patch of microstrip 
antennas, compact or reduced size microstrip antennas can be 
obtained. Loading the slots in the radiating patch can cause 
meandering of the excited patch surface current paths and 
result in lowering of the antenna’s fundamental resonant 
frequency, which corresponds to the reduced antenna size for 
such an antenna. In this paper FR4 material is used for the 
1.6mm thick  substrate. 
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1. INTRODUCTION  
 

In today’s wireless communication , the most important  
requirement is of antenna with low profile. Most probably for 
the handheld devices, the challenging task is to design 
antenna which provide improved performance day by day 
with miniaturized size. The most probably preffered and 
extensively used antennas are Microstrip antennas because of 
easy to integrate with circuits. 

5G Technology means 5th Generation Mobile Technology. 
5G technology will use cell phones within very high 
bandwidth. 5G is a packet switched wireless system with 
wide area coverage and high throughput. 5G technology use 
millimeter wireless will have data rate greater than 
100Mbps at full mobility and higher than 1Gbps at low 
mobility. The 5G technology will include all types of 
advanced features which make 5G technology most powerful 
and in huge demand in the near future. Such a huge 
collection of technology being integrated into a small device. 
The 5G technology provides the mobile phone users more 
features and efficiency.  

Microstrip antenna consist of patch which is very thin 
metallic strip or sheet placed above ground plane separated 
by a substrate of dielectric  material. The performance of the 
microstrip antennas depends on the height of the substrate 
and dielectric constant of substrate. The performance of 
microstrip antennas are good for thick substrate with lower 
dielectric constant of substrate material. The major limitation 

of Microstrip antenna is impedance bandwidth is lower for 
thin substrate. But for the handheld devices and wireless 
communication , the antenna size should be small and for that 
the height of  substrate should be as small as possible.  

This paper mainly contains the sections in which design 
equations of conventional rectangular  radiating  patch,  
technique to improve performance of antenna with loading 
slot on radiating patch, theoretical calculation of Return loss 
and VSWR and proposed antenna for 5G application are 
described. 

 

2. DESIGN EQUATIONS OF MICROSTRIP ANTENNA 
 

Microstrip antennas consist of patch which is a sheet or 
thin metallic strip placed on a substrate of dielectric material. 
The shape of the patch may be rectangular, triangular, 
circular ,square or of any type. The dielectric constant of 
material should be in between 2.2 to 12 for antenna 
designing[3]. The height of the substrate, h ˂ ˂ λ0 [3] (whrere, 
λ0= operating wavelength). The designing parameters of 
microstrip patch antennas for rectangular patch are length of 
patch(L) and width of patch(W). These two parameters are 
depends on the height of substrate, dielectric constant of 
material and resonant frequency(Resonant frequency should 
be same as operating frequency).  

In the Microstrip antennas, the patch is main radiating 
element. For rectangular patch, the width of the patch(W) is 
depends on the resonant frequency(fr) and dielectric 
constant(εr) of the material, which is given by[3], 
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 The effective dielectric constant is introduce to account 
for fringing effect because some of the waves travel in the 
substrate and some of in the air. 

 For  W/h ˃ 1, the effective dielectric constant is[3], 
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The electrical length of patch is greater than the physical 

length because of fringing effect. If extended dimension of the 

patch length is ∆L , then 
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Thus the actual length of patch is, 

 

             (4) 

 

3. ANALYSIS OF SLOT LOADED PATCH ANTENNA 
 
3.1 Analytical Calculations of slot   

 

In the conventional Microstrip antenna, the rectangular 
slot is loaded on the radiating patch as shown in figure1, of 
length Ls and width a. It is also necessary to load the slot on 
patch with proper dimensions such that it can improve the 
performance of antenna the antenna compared to the 
performance of conventional antenna. In this section, the 
slotted Microstrip patch antenna is analyzed. The slot on 
patch can be analyzed by using duality relationship between 
the dipole and the slot[2]. 

The slot loaded on the patch affect to the performance 
parameter of the antenna. The slot loaded rectangular 
microstrip patch antenna can be considered as parallel 
combination of capacitance C1, inductance L1 and resistance 
R1 of patch and capacitive reactance of slot[2]. 

 

Fig-1: Slot loaded rectangular Microstrip patch antenna 

 

Fig-2. Equivalent circuit of slot loaded on patch 
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   h = Thickness of  substrate 

                     = Effective dielectric constant 

      = Permittivity of free space 

  z0 = Feed point location along z-axis 

The input impedance (Zin) of the above excluding slot can 
be expressed as, 
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     Then above expression can be expressed as, 

      (8) 
      

 

Fig-3: Modified Equivalent circuit of slot loaded on 
patch 

The input impedance of  slot loaded on patch can be 
calculated using above Figure 4 as, 

 

 

Reflection coefficient, 

 

Return Loss =    (9) 

1+ Γ
VSWR=

1- Γ
    (10) 

Thus return loss and VSWR affect by the slot on patch. 
Bandwidth is depend on the return loss and  VSWR plot. So 
bandwidth also affect by the slot on patch. 

3.2 Theoretical  Calculations of slot   

The slotted Microstrip antenna is analyzed in above 
section and in this section the value of Return loss and VSWR 
are calculated theoretically using equations described in (III) 
for different slot widths and slot lengths. The patch was 
designed for frequency 3.0GHz , dielectric material of 
substrate RT Duriod (εr=2.2) and thickness of substrate is 
0.0159λ. 
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(i) 

 

(ii) 

 

(iii) 

 

(iv) 

Figure 4. variation in VSWR Vs frequency in GHz for different 
slot width(a) for given slot length(Ls); (i) Ls=10mm, (ii) 
Ls=12mm, (iii) Ls=14mm, (iv) Ls=16mm  
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Figure 5. variation in return loss Vs frequency in GHz for 
different slot width(a) for given slot length(Ls); (i) Ls=10mm, 
(ii) Ls=12mm, (iii) Ls=14mm, (iv) Ls=16mm  

From the Figure 4 and 5, it can be observed that resonance 
frequency decreases with increasing slot width for same slot 
length. The bandwidth or frequency variation is more for 
lowest slot length with same slot width. The value of VSWR 
and return loss also decreases as slot width increases.  

4. ANTENNA DESIGN 

      The antenna design consist of choice of substrate 
material and thickness of the substrate. The FR4 material is 
used for the 1.6mm thick substrate at 5-6GHz spectrum of 
5G. The conventional patch antenna is as shown in figure 6. 

 

Fig-6. Conventional Patch Antenna 

Table 1:  Design Parameters of Patch 

Length 
of 
patch 

L(mm) 

Width 
of 
patch 

W(mm) 

Height of 
substrate 

h(mm) 

Width of 
feed 
line(mm) 

Length of 
substrate 

Lg 

Width of 
substrate 

Wg 

12.62 16.59 1.6 2.98 6h+L 6h+W 

      

 The above patch antenna is simulated using HFSS.  

 

(i) 

 

(ii) 

Figure 7. (i) Return loss(dB) Vs Frequency plot(GHz)  
(ii)gain(dB) Vs Theta(deg) plot of conventional antenna 

      From figure 7, it can be seen that the resonant frequency 
is 5.4GHz, return loss at  resonant frequency is -10.97dB, 
bandwidth is 167MHz and gain is 2.65dB. 

      Now the requirement for the 5G application about gain is 
that gain should be more than 5dB. The gain can be 
improved by the array of patches but it does not affect to the 
bandwidth. Thus to increase the bandwidth, one slot is 
loaded on the radiating patch of the antenna as shown in  
figure 8. 

     The length of the slot is 7mm and width of slot is 2.1mm. 
By simulating this slotted antenna resulting in return loss of 
-11.83dB at resonant frequency 5.4GHz. The bandwidth is 
201MHz and gain is 2.38dB. Thus bandwidth is increases by 
slot on patch but it does not affect to the gain of patch.   

 

Fig-8: Slotted Microstrip Patch Antenna 
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(i) 

 

(ii) 

Fig-9: (i) Return loss(dB) Vs Frequency plot(GHz)  
(ii)gain(dB) Vs Theta(deg) plot of slotted antenna 

      Now for the proposed antenna for 5G application, array of 
patch is used to increase the gain and slot is used to increase 
the bandwidth as shown in figure 10. 

 

Fig-10. Proposed antenna 

 

(i) 

 

(ii) 

Figure 11. (i) Return loss(dB) Vs Frequency plot(GHz)  
(ii)gain(dB) Vs Theta(deg) plot of proposed antenna 

      The patches are placed on λ/2 distance fron each other. 
From figure 11, it can be seen that  bandwidth increases and 
it is 672.8MHz because of slots on patch. The gain of patch 
due to array of patch and it is 5.72dB. 

5. CONCLUSION 

By loading the slot, resonant frequency can be decreases 
and bandwidth of antenna increases. Resonant frequency 
varies slightly for different slot width as compared patch 
without slot. The bandwidth is also increases with slot width 
for given slot length. Gain and bandwidth both can be 
increased by array of patch with slots on each patch. 
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