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Abstract - This paper presents a 38. GHz / 61GHz, dual–band proximity coupled feed microstrip patch antenna with split   
square ring slots for future 5G/ 6G applications. The concept of dual split square ring slots (SSRS) has been used in radiating 
patch to reduce size of the antenna and enhance bandwidth and frequency response. The antenna design consist of patch with 
dual opposite facing split  ring slots, ground having a small rectangular slot and stacked substrates RogersRO3003, Rogers 
RT5880 of  dielectric  constants 3.0 and 2.2 respectively and ∏-shaped slot  etched off in the feed line, sandwiched between the 
substrates. The proposed antenna resonated at frequencies 38.017GHz and 61.166GHz with return loss -12.044 dB and-
21.411dB covering very large band width of the order of 1.69 GHz and 12.775 GHz. The simulation process has been carried 
out through CST Microwave Studio 2018.The characteristic properties such as Bandwidth, return loss and VSWR have been 
investigated and analyzed. 
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1. INTRODUCTION  
 
The fifth generation (5G) /sixth generation (6G) cellular network advancement is a significant step towards high speed 
wireless communication to meet the requirements and genuine demands of the mobile market. The evolution of fifth 
generation / sixth generation (5G / 6G) cellular phone meshing will bring ubiquitous connectivity for fast compilation, 
transmission and usage of monolithic volume and variety of data. The mobile industry has observed an amazing and rapid 
up-growth as , evolution from analog to digital 2G (GSM) , 2G to  3G (WCDMA) , to 3.5 G (HSPA) and further to 4G(LTE and 
LTE advance) system [1]. However, with an amazing and rapid development in wireless cellular mobile phones devices 
and services, there are still some challenges which could not be resolved even by 4G, such as spectrum crisis and high 
energy consumption [2]. The higher frequency bands give to access 5G / 6G cellular network. In view of it, top five 
candidates of frequency range 24.25GHz – 27.5GHz, 27.5 GHz – 29.5GHz, 37 GHz – 39 GHz and 57GHz – 71 GHz are 
standardized for 5G / 6G technology [3-5]. In India high band range of 24.5 GHz – 29.5 GHz and 37GHz – 39GHz are being 
considered to prefer. The proposed antenna design comes under dual frequency range 38GHz –61GHz which corresponds 
Ka band. In Ka band the data transmission rates are hundred times faster than other bands. Ka band is utilized mainly for 
RADAR and an experimental communications [6].Therefore, in view of it, modern day world is thinking to utilize Ka band 
for future space communication [7].  
 

1.1 ANTENNA GEOMETRY AND DESIGN 
 
The circumscribed radius of the radiating hexagonal microstrip patch antenna is 1.434mm and length of each side of the 
regular hexagonal microstrip patch antenna is 1.5mm .Thickness of radiating hexagonal microstrip patch antenna is 
0.036mm. Width (W1), Length (L1) and Height (h1) of the grounded substrate-1“Rogers RO3003” are 4.0mm, 6.4mm and 
0.6mm respectively. Whereas  Width(W2), Length(L2) and height (h2) of the supported and stacked substrate-2” Rogers RT 
5880” are 3.0mm,4.8mm and 1.0mm respectively. Width (W) Length (L) and Height (h) of the ground are 4.0mm, 6.4mm 
and 0.036.To enhance bandwidth and frequency response, a rectangular slot of dimensions 1.0 mm x 1.5 mm is etched off in 
the ground.∏-shaped slot of vertical expansion 1.25mm, horizontal expansion 1.50mm and width 0.25mm is etched off in 
the feed line, sandwiched substrate -1 and substrate-2 as shown in the fig-1 and fig-2. 
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TABLE -1: DESIGN SPECIFICATION OF PROPOSED ANTENNA 
 

  ANTENNA DIMENSION  VALUE MATERIAL 

HEXAGONAL MICROSTRIP 
PATCH ANTENNA 

SIDE LENGTH OF THE 
REGULAR HEXAGONAL 

PATCH 

1.5mm COPPER 

 CIRCUMSCRIBED RADIUS OF 
THE HEXAGONAL PATCH 

1.434mm COPPER 

 THICKNESS OF THE PATCH 0.036mm COPPER 

 HEIGHT OF SUBSTRATE -2 1.0mm ROGERS RT5880 

 WIDTH OF SUBSTRATE -2 3.0mm ROGERS RT5880 

 LENGTH OF SUBSTRATE-2 4.8mm ROGERS RT5880  

 HEIGHT OF SUBSTRATE -1 0.6mm ROGERS RO3003 

 WIDTH OF SUBSTRATE -1 4.0mm ROGERS RO3003 

 LENGTH OF SUBSTRATE-1 6.4mm ROGERS RO3003  

 WIDTH OF GROUND  4.0mm COPPER  

 LENGTH OF GROUND  6.4mm COPPER  

 THICKNESS OF GROUND  0.036mm COPPER  

 WIDTH OF RECTANGULAR 
SLOT 

1.0 mm AIR 

 LENGTH OF RECTANGULAR 
SLOT  

1.5mm AIR 

 VERTICAL EXPANSION OF. ∏-
SHAPED SLOT 

1.25mm AIR 

 HORIZONTAL EXPANSION OF  
∏-SHAPED SLOT  

1.5mm AIR  

 WIDTH OF VERTICAL AND 
HORIZONTAL EXPANSIONS 

OF ∏- SHAPED SLOT 

0.25mm AIR  

 
 

 
FIG-1: FRONT AND SIDE VIEWS WITH SHOWN DIMENSIONS OF THE PROPOSED ANTENNA 
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FIG-2: FRONT AND PERSPECTIVE VIEW OF THE PROPOSED ANTENNA SHOWING PATCH WITH SPLIT SQUARE RING 

SLOTS AND ∏ ETCHED FEED LINE 
 

 
FIG-3: BACK VIEW OF THE PROPOSED ANTENNA SHOWING RECTANGULAR SLOT ON GROUND 

2. SIMULATIONS AND RESULTS 
 
After designing the antenna, simulation process has been carried out using CST Microwave Studio 2018.The antenna 
performance are evaluated in view of return loss, VSWR, gain and directivity. The valid radiating frequency of the antenna is 
described by the parameters Return loss and VSWR. If the return loss of an antenna for any specific frequency is more than-
10dB, it indicates that whatever power fed to antenna out of maximum is rejected. Therefore, for a good radiating patch of 
an antenna, return loss always should be less than -10 dB and also VSWR should be less than numerical value of 2 for an 
impedance matching. 
 
(A): RETURN LOSS: 
 
Plots for return loss of the proposed antenna are shown in fig-4. Magnitudes of reflection coefficient have been found to be 
-12.044dB at resonant frequency 38.017GHz. ,and -21.411dB at resonant frequency 61.166GHz.At -10dB, the band width 
have been found 1.69 GHz, which covers 4.45% at resonant frequency 38GHz and 12.775 GHz, which covers 21% at 
resonant frequency 61GHz. 
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FIG-4: RETURN LOSS PLOT OF THE ANTENNA 

  

(B): VSWR 

The magnitude of VSWR for the proposed antenna is shown in fig-5.At resonant frequency 38GHz, it is 1.6661 which is (<2) 
less than 2, hence it is in good agreement for an impedance matching. At resonant frequency 61GHz, it is 1.1944 which is in 
good agreement and very close to an ideal value 1, for impedance matching. 

 

FIG-5: VSWR FOR THE ANTENNA 

(C): FARFIELD DIRECTIVITY 

Polar plots of far field directivity for the proposed antenna have been shown in fig-6 and fig-7 respectively at resonant 

frequency 38GHz and 61GHz.At resonant frequency 38GHz, main lobe magnitude is 7.77dB and an angular width is found to 

be 63.4 degree. Whereas at resonant frequency of 61GHz, main lobe magnitude is 8.94 dB and an angular width is found to 

be 48.0 degree. Magnitudes of directivity are found to be 7.893 dBi at resonant frequency 38GHz and 8.996 dBi at resonant 

frequency 61GHz. as shown in fig-8. 

 

FIG-6: FAR FIELD DIRECTIVITY OF THE ANTENNA AT RESONANT FREQUENCY 38 GHZ 
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FIG-7: FAR FIELD DIRECTIVITY OF THE ANTENNA AT RESONANT FREQUENCY 61GHZ 

 

FIG-8: FAR FIELD DIRECTIVITY AT RESONANT FREQUENCIES 38GHZ, 61GHZ 

 

(D) RADIATION PATTERN 

3-D plot of radiation pattern of gain for the proposed antenna at resonant frequencies 38GHz and 61GHz have shown by fig-
9 and fig-10 respectively. Gain at resonant frequency is 7.767 dB and at resonant frequency of 61.0 GHz it has been found as 
8.908 dB.      

 

FIG-9: 3-D PLOT OF RADIATION PATTERN OF GAIN AT RESONANT FREQUENCY OF 38 GHZ FOR THE PROPOSED 
ANTENNA 
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FIG-10: 3-D PLOT OF RADIATION PATTERN OF GAIN AT RESONANT FREQUENCY OF 61GHZ FOR THE PROPOSED 
ANTENNA. 

TABLE-2 SUMMARY OF SIMULATED RESULTS 

 

From the table -2 it is well vivid that antenna has exhibited more negative value of return loss, hence proposed antenna 

has satisfactory return loss. Band width of the antenna is considerably very large. More the main lobe direction better is 

radiation pattern hence it has almost symmetrical radiation pattern. 

3. CONCLUSION 
 
 This research was aimed to design a 5G/6G antenna using proximity coupled feed hexagonal patch antenna with dual split 
square slots. The simulated results exhibited very good agreement with the desired range of frequencies as 38 GHz and 
61GHz which are suitable for 5G/6G candidate applications. The proposed antenna has higher gain, larger bandwidth, 
almost symmetrical radiation and satisfactory return loss at desired frequencies of 38 GHz and 61GHz.Results and analysis 
of the proposed antenna infers that it could be a good candidate for future 5G/6G applications. 
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