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Abstract - This paper presents a modified design of  patch antenna using an artificial material called metamaterial. The 
resonating frequency of 7.6 GHz patch antenna with RT DUROID 5880 is the substrate. The proposed antenna has a size of 
32mm*28mm and thickness 31 mil. Microstrip patch antenna has high advantages like low profile, light weight, omni-
directional and low-cost, but it also face some disadvantages like low gain ,low VSWR and presence of surface wave leads 
to reduction of over all performance .To overcome these drawbacks use metamaterial patch antenna and Photonic band gap 
structures .That will  improve overall performance as well as efficiency of the proposed patch antenna .  Rectangular patch 
and microstrip line feeding is also present .On patch micro-triangular pattern is using ,that make the patch to metamaterial, 
And on ground plane crossed strip lines are using ,also on substrate PBG structure is using to reduce the presence of surface 
wave. Proposed antenna is simulating using HFSS software. 
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I. INTRODUCTION 
 
Antenna design is the emerging field of research to 
change the future. Microstrip patch antenna is one of 
the interesting area  in antenna design due to its 
wonderful advantages like low profile ,light weight 
,easily compactable ,and low-cost. Patch antennas 
also face some disadvantages in there parameters like 
low gain, low VSWR, and low efficiency due to some 
unwanted signals like surface waves, leaky waves etc 
.Researches take it as a challenge to overcome these 
drawbacks and getting new products every day. In 
this paper, the proposed patch antenna has a size of 
32mm*28mm and thickness of 31mil. RT Duroid 
5880 is the substrate material. Due to the patterning 
of patch as microtriangles and ground plane with 
crossed strip lines make patch and ground plane to 
metamaterial . 
 
Metamaterial is an artificial material. It can’t be 
found naturally in earth .Repeated pattern make any 
metal or plastic to metamaterial. Metamaterials show  
negative refractive index too. Using these advantages 
of metamaterials the proposed antenna has negative 
refractive index as well as horizontal radiation when 
it place horizontally. 
 
Applying photonic band gap structure on substrate 
near to patch area helps to reduce the presence of 
surface waves. And that makes a highly efficient 
patch antenna .This concept is also using in this 
proposed metamaterial patch antenna to reduce the 
presence of surface wave. 
 
The resonating frequency of proposed antenna is 
7.6GHz and it  lies in X band. So it can be used for X 
band applications. HFSS software is using for 
simulation purpose . 

 
II. ANTENNA DESIGN 

 
For designing a patch antenna ,it is very important to 
find the operating frequency of proposed patch 
antenna. After the decision of resonating frequency, 
calculate the width and length of patch antenna by 
equation no [1] . 

 

ω = ∁                                         (1) 

 
 The calculation of ε  is given by the equation 

 

           ε = + 1 + 12            (2) 
 
Substituting the values of ω, ε  and h, 
 

       ∆L = 0.412h
( . )( . )

( . )( . )
          (3) 

 
Substituting the values of ε  and fr, 
 
                      L = ∁

∆
                  (4) 

 
The actual length of the antenna is given by, 
 
                                 L = L − 2∆L                  (5) 
 
III. ANTENNA STRUCTURE 
 
A 32 mm*28 mm RT Duroid with 2 side copper 
coating is taken with substrate thickness of 31 mil 
.The patch dimensions are 16mm*12 mm rectangular 
patch .On patch microstrip line pattern is added to 
make the patch to metamaterial as shown in fig 1. 
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The substrate near to patch is patterned with PBG 
structure .  
 

 
Figure 1:.Patch with microtriangles 

 
PBG structure used in proposed antenna is cylindrical 
shape with diameters .2mm,.5mm,and 1 mm as in fig 
2. Also vary the no of PBG structures to verify the 
performance as well as efficiency.  

 

.Figure 2: PBG with 0.5 mm,1 mm and 0.2 mm 
 
The  ground plane is also rectangle in shape 

and crossed strip lines are added to make it 
metamaterial as shown in fig 3. Avoid the area below 
the feeding line to make transmission consistency. 

 

 
Figure 3:Ground plane 

 

The off-centered microstrip line feeding is used to 
give excitation. Simulating this antenna using HFSS 
software and comparing result with conventional 
patch antenna without metamaterial and PBG as 
shown in fig 4. 

 

 
Figure 4:Conventional Patch Antenna 

           
RESULT ANALYSIS 

 
The conventional patch antenna, metamaterial patch 
antenna without PBG structure, Metamaterial patch 
antenna with PBG structure( varying radius and 
number of PBG structure) are simulated using HFSS 
software, and taking the return loss, gain , VSWR , 
radiation pattern, and overall efficiency as results.  
 
Compare these result with one another, viewing the 
result gives the knowledge about, the metamaterial 
patch antenna with PBG structure of radius 0.2 mm 
has high bandwidth(around 16 times higher ) than 
conventional patch antenna. The return loss of 
conventional patch antenna is shown in fig 5. 
 

 
Figure 5: s11 of conventional patch antenna 
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Around 7.8 GHz it has maximum negative s11 value, 
and its -27 dB. The band width is only 200 MHz.and 
VSWR is in between 1 and 2 as shown in fig 6.  

Figure 6: VSWR   of conventional patch antenna 
 
Fig 7 shows the radiation pattern of conventional 
patch antenna, and it is vertical in direction when 
antenna placed horizontally. 

 
Figure 7: Radiation pattern  of conventional patch antenna 

 
When antenna converted to metamaterial patch 
antenna ,the s11 is more negative ,as shown in fig 
8.VSWR is  1 dB as in fig 9. And radiation pattern is 
horizontal in direction when placed horizontally is 
shown in fig 10. 

 
Figure 8: s11 of metamaterial  patch antenna 

 

 
Figure 9: VSWR   of metamaterial  patch antenna 

 
Figure 10: Radiation pattern of metamaterial patch antenna 

 
In proposed antenna the radiation pattern is horizontal 
in direction similar to simple metamaterial patch 
antenna (fig 11). But the return loss value is more 
negative (fig 12) and VSWR is  below 1 dB.PBG 
with radius .2mm is more efficient than PBG with 
radius .5mm and 1 mm.  

 

 
Figure 11: Radiation pattern of metamaterial patch antenna 

with PBG 
 

 
Figure 12: s11 of metamaterial  patch antenna with PBG 

 
In this 3 metamaterial patch antennas with different PBG 
radius, PBG with 0.2 mm radius antenna has highest 
performance efficiency as 99.29%.metamaterial patch 
antenna without PBG has a performance efficiency of 
96%. And conventional patch antenna has a low 
efficiency of 36.5%.(result generated using HFSS 
software itself). 

 
CONCLUSION 
 
A metamaterial patch antenna with PBG structure is 
proposed and simulated using HFSS software to 
generate a patch antenna with high gain ,low VSWR, 
and it has a horizontal radiation pattern. RT duroid 
with double side copper coating is using as substrate. 
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Patch antenna has a size of 32 mm*28mm and patch 
with size 16mm*12mm. The resonating frequency of 
patch antenna is 7.6GHz. Applying different radius 
PBG structure gives, high performance efficiency 
than conventional patch antenna. The proposed 
antenna has a performance efficiency of 99.29%. 
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