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Abstract 
Microstrip Patch Antenna is a narrowband antenna fabricated by etching the 
antenna element pattern in metal trace of elements like copper bonded to an 
insulating dielectric substrate with a continuous metal layer on the opposite 
side of the substrate which forms a ground plane. Electromagnetic Metama-
terial is an artificial material that is made up of different types of structural 
designs on dielectric substrates. In this paper, a broad and elite investigation 
is being carried out by designing and simulating a single negative metama-
terial cell comprising a square split ring resonator. This metamaterial cell de-
picts negative values of permeability for a specific range of frequencies. These 
cells show exceptionally great applications in the design of microstrip patch 
antenna. The substrate of the microstrip patch antenna with a ground plane is 
loaded with a square split-ring resonator, Conventional and proposed patch 
antennas are simulated, analyzed, and reported for performance comparison 
of its parameters. The proposed edge port feed metamaterial based Rectangu-
lar microstrip patch antenna and Circular patch antenna designed at 26 GHz 
resonance frequency useful for 5G applications. Both antennas are designed 
on RT Duroid 5880 Substrate with 2.2, dielectric constants. The parameters 
such as bandwidth, gain and return loss of metamaterial loaded rectangular 
microstrip patch antenna and Circular patch antenna increases considerably 
compared to conventional antennas. Comparing parameters of both anten-
nas, the performance of the rectangular microstrip patch antenna is found to 
be better than circular patch antenna. 
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1. Introduction 

Microstrip patch antennas are being widely used for small wireless communica-
tion aerospace applications WiMAX, WLAN, and 5G applications. This antenna 
is compact shapes like rectangular, circular, and triangular. A patch antenna is 
designed on a dielectric substrate such as RT duroid 5880 with dielectric con-
stant 2.2. The thickness of this dielectric substrate is 0.5 mm. Lightweight and 
easy to design and fabricate [1] [2]. It can be designed in different this dielectric 
substrate is 0.5 mm. If we use a substrate of higher thickness efficiency can be 
increased, however, as the height increases, surface waves are introduced which 
usually are not desirable because they extract power from the total available for 
direct radiation (space waves). The surface waves travel within the substrate and 
they are scattered at bends and surface discontinuities, such as the truncation of 
the dielectric and ground plane, and degrade the antenna pattern and polariza-
tion characteristics. Surface waves can be eliminated, while maintaining large 
bandwidths, by using metamaterials. If the impedance of the antenna does not 
match with the impedance of a transmission line then there will be a reflection 
of the signals and it causes high return loss and which will lead to bad commu-
nication. To avoid the problem of return loss, the antenna impedance should be 
matched with the transmission line impedance. To increase the bandwidth of 
patch antenna arrays can be used. Bandwidth also can be increased by loading 
metamaterial on a microstrip patch antenna. The authors have designed and si-
mulated an Edge port-fed rectangular patch antenna and Circular patch antenna 
for a 5G application using FEKO software. RT duroid 5880 a high-frequency la-
minate is used for designing a Patch antenna. The metamaterial-based Rectan-
gular microstrip patch antenna (RMPA) is simulated and bandwidth, return 
loss, and gain are measured. Optimization is done by using FEKO software. Mu 
(single) negative metamaterial cells are loaded on the ground plane of the rec-
tangular and circular patch antenna. A significant improvement in patch anten-
na parameters has been observed [3] [4] [5] [6]. 

2. Metamaterials 
2.1. Double Negative or Left-Handed Metamaterials 

They are artificial materials that show negative permittivity permeability and re-
fractive index. These parameters are not found in natural materials. Due to the 
negative refractive index, phase velocities, as well as group velocity of electro-
magnetic waves are opposite to each other, and opposite energy flow is observed. 
Metamaterials having either permittivity or permeability negative are called sin-
gle negative metamaterials. Equations (1) and (2) are two of Maxwell’s equations 
given to understand metamaterial. µr and rε  are relative permeability and 
permittivity respectively. 

0 r
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µ µ ∂
∇× = −

∂
                       (1) 
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where rε  and rµ  are relative permittivity and permeability respectively and 
Equation (3) is a wave equation derived from the above equation. 

2
2
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EE
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ε µ ε µ ∂

∇ = −
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                      (3) 

If rε  and rµ  are considered as real numbers, then one can observe that the 
wave equation does not change when signs of rε  and rµ  are simultaneously 
changed. The Drude Lorentz model describes the material properties in classical 
electromagnetic. The effective permittivity and permeability are given in Equa-
tions (4) and (5) respectively. 
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The plasma frequency is denoted by fp and fmp in Equations (5) and (6) respec-
tively, f0 is the resonance frequency, f is the frequency of the signal, and damping 
factor γ which is in connection to material losses. These equations can show mi-
crowave range to optical range properties of materials [7] [8]. 

The SSRR Structure is designed using MATLAB code. In this way, a metal 
surface is obtained, as shown in Figure 1. The equivalent circuit for SSRR is 
presented in Figure 2. The inductance of the tank circuit model, Ls is calculated  

 

 
Figure 1. Square split-ring resonators (SSRR). 

 

 
Figure 2. Equivalent circuit for SSRR cell. 
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by assuming the uniform current throughout the loop. The capacitance of the 
tank circuit is assumed to be the parallel equivalent of the capacitances in each 
pair of adjacent loops. The SSRR creates a negative µ near resonance frequency. 
The magnetic field vector of the incident plane wave is perpendicular to the 
SSRR, which gives rise to the induced currents resulting in an effective magnetic 
moment that eventually will yield the negative permeability. The metamaterial 
supported backward-wave propagation only for the magnetic field directed per-
pendicular to the SSRR. We have presented the retrieval of parameters of a me-
tamaterial cell using MATLAB to verify the mu negativity of a cell. The inherent 
feature of CST is used to invoke the CST platform through MATLAB script file 
[9] [10]. 

2.2. Design of Square Split Ring Resonator Cell 

The SSRR is designed on RT Duroid 5880 substrate with a permittivity value 
equal to 2.2 and thickness equal to 0.5 mm. The dimensions of 1 × 1 mm SSRR 
cell are, L = 0.9 mm, b = 0.68 mm, s = 0.05 mm, d = 0.06 mm, and e = 0.13 mm. 
The resonance frequency is inversely proportional to the dimensions of the me-
tamaterial cell and directly proportional to strip width and slit width. S11 and S21 
of SSRR cell are depicted in Figure 3. The lowest magnitude of S11 indicates that 
the cell resonates at 26 GHz frequency. The Magnitude of S11 and S21 at 26 GHz 
frequency is 0.2 and 0.78 respectively, which shows that return loss is low at the 
resonance frequency. Both S parameters are important to calculate the epsilon 
and mu of the cell. Frequency v/s real and imaginary values of mu are plotted 
using MATLAB software. 

RT/duroid 5880 glass microfiber reinforced PTFE composites are designed for 
high frequency microstrip circuit applications. The dielectric constant of RT/ 
duroid 5880 laminates is less (2.2) likely to demonstrate a dielectric breakdown 
at high frequency. It is uniform over a wide frequency range. As dielectric con-
stant decreases bandwidth increases. Its low dissipation factor (0.0009) extends  

 

 
Figure 3. S11 and S21 of SSRR cell. 
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the usefulness of RT/duroid 5880 laminates to Ku-band and above. RT/duroid 
5880 laminates are easily cut, sheared and machined to shape. They are resistant 
to all solvents and reagents, hot or cold, normally used in etching printed cir-
cuits or in plating edges and holes. 

2.3. Parameters of SSRR Metamaterial Cell 

S11 and S21 of SSRR cell are depicted in Figure 3. The lowest magnitude of S11 in-
dicates that the cell resonates at 26 GHz frequency. The Magnitude of S11 and S21 
at 26 GHz frequency is 0.2 and 0.78 respectively, which shows that return loss is 
low at the resonance frequency. Both S parameters are important to calculate the 
epsilon and mu of the cell. Frequency v/s real and imaginary values of mu are 
plotted using MATLAB software. 

Real and imaginary number of Mu of SSRR is shown in Figure 4. The nega-
tive mu appears in the frequencies between 24.8 GHz to 4 GHz. Therefore the 
antenna on metamaterial must be designed to operate within the range of fre-
quencies. Hence, in this project, we considered a resonance frequency of 26 
GHz. which is one of the frequency bands used for 5G applications. 

2.4. Method to Find Parameters of Metamaterial Cell of Complex 
Structure 

It is sometimes difficult to calculate the effective parameters of certain metama-
terials, due to the complex structure. In such cases, parameters can be found out 
from numerical simulations. First, we have to find out the transmission and ref-
lection coefficient of the cell based on numerical algorithms, such as (FDTD) 
and Finite Element Method (FEM). This method also can be used to extract pa-
rameters [10]. Equations (7) and (8) are used to calculate refractive index and 
impedance, from transmission coefficient (S21) and reflection coefficient (S11). 

( ) ( )
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2 2
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                   (7) 

 

 
Figure 4. The real and imaginary part of Mu of SSRR at frequency 26 GHz. 
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where k0 is the wave vector in a vacuum, defined as k0 = 2π/ωo, d is the thickness 
of the substrate, and m is an integer. We can find Zeff and Neff from the above 
equation. Considering that metamaterial are passive media. That is a real part of 
the impedance is the positive and the imaginary part of the refractive index is 
negative. Further єr,eff and μr,eff can be obtained according to, єr,eff = Neff/Zeff and 
μr,eff = NeffZeff. 

3. Application of Metamaterial in Designing Edge Port Fed 
Rectangular Microstrip Patch Antenna 

Antennas are fabricated using DNG or SNG Metamaterial cells, which is used to 
increase the performance of the system. These cells could substantially increase 
the gain and radiated power of an antenna. Furthermore, these antennas can 
improve efficiency bandwidth performance. Various metamaterial-based antennas 
can be used for wireless communication, Cell phones, etc. [11]-[21]. 

3.1. RMPA Design on Substrate without Metamaterial 

Rectangular microstrip patch antenna. (RMPA) design on RT Duroid substrate 
with edge port feed at resonance frequency 26 GHz as employed in 5G commu-
nication and tested on software FEKO. The width of RMPA is given by Equation 
(9). Effective permittivity and fringing length delta L are shown in Equations 
(10) and (11) respectively. 
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Effective length and actual length are given in Equations (12) and (13) Sub-
strate length and width are given in Equations (14) and (15) respectively. 

0

2eff
r reff
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f ε
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Substrate length = L + 6h                   (14) 
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Substrate width = w + 6h. 

h = height of the substrate, w = width of rectangular patch L = Length of 
RMPA; 

c0 = Speed of electromagnetic wave [20]. 

3.2. Edge Port Fed Rectangular Microstrip Patch Antenna (RMPA) 
Design on a Substrate without Metamaterial 

Figure 5 shows the design of Edge fed RMPA without metamaterial on RT du-
roid 5880 substrates. A Microstrip line is used for feeding the antenna. 

Design of edge fed RMPA without metamaterials is shown in Table 1. Re-
sonance freq. = 26 GHz, Substrate: RT Duroid 5880, εr = 2.2, Loss tangent: 
0.0009, height of substrate (h) = 0.5 mm. 

Figure 6 shows the reflection coefficient v/s frequency graph of RMPA. At the 
resonance frequency, the return loss is very low (−54 dB), which means the 
maximum power is radiated by the antenna. Figure 7 Is a smith chart showing 
impedance matching of RMPA at 26 GHz. The impedance of the patch is zero at  

 

 
Figure 5. Design of RMPA without metamaterial. 

 

 

Figure 6. Reflection coefficient v/s freq of RMPA. 
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Table 1. Design of edge-fed RMPA without metamaterial. 

 
Patch antenna calculated  

dimensions (mm) 
Patch antenna optimized  

imensions (mm) 

Width of the patch (w) 4.56 4.26 

Length of the patch(L) 3.57 3.25 

Sub.width (Ws) 7.56 7.0 

Sub.Length (Ls) 6.57 6.5 

Feed length (a) 1.63 1.63 

Feed width (b) 0.49 0.49 

 

 
Figure 7. RMPA impedance matching at 26 GHz. 

 

 
Figure 8. 3D view of far-field of an RMPA at 26 GHz. 

 
the center and increases to words edges. If at the edges impedance is very high 
then a quarter-wave transformer should be used for impedance matching. Oth-
erwise, a microstrip line will match the 50 ohms port impedance. The reflection 
coefficient indicates the amount of electromagnetic wave is reflected by an im-
pedance mismatch in the transmission medium. It is a ratio of the amplitude of 
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the reflected wave to the wave incident at the junction. The reflection coefficient 
is denoted by the symbol gamma. The magnitude of the reflection cefi-cientdoes 
not depend on the length of the line, only the load impedance and the imped-
ance of the transmission line. The reflection coefficient, commonly denoted by 
the Greek letter gamma (Γ), can be calculated by using the formula 

( ) ( )0 0l lZ Z Z ZΓ = − + . Where Zl is complex load impedance and Z0 transmis-
sion line characteristic impedance which in principle could also be a complex 
number. The square of |Γ| is then the power of the reflected wave, Now we can 
define VSWR (SWR) as a scalar value: ( ) ( )VSWR 1 1= + Γ − Γ  or in  
s-parameters: ( ) ( )11 11VSWR 1 1S S= + − . 

The gain of an antenna is a very important parameter, gain should be very 
close to directivity so that the efficiency of the patch antenna increases. Figure 8 
presents a 3D view of the far-field of an edge-fed patch antenna without meta-
material at 26 GHz. The total gain of the antenna also has been depicted in the 
figure. 

3.3. Edge Port fed Rectangular Microstrip Patch Antenna. (RMPA) 
Design with Metamaterial at 26 GHz Resonating Frequency 

Figure 9 depicts the design of edge-fed RMPA with metamaterial cells on the 
ground plane of the antenna. Square split ring resonator (SSRR) cells are loaded 
in the ground plane of an antenna. 

The optimized design of edge-fed microstrip patch antenna with metamaterial 
is shown in Table 2. The patch antenna is designed on RT Duroid 5880 sub-
strate. Resonance freq. = 26 GHz, Substrate: RT Duroid 5880, εr = 2.2, Loss tan-
gent = 0.0009, height of substrate (h) = 0.5 mm. 

Figure 10 shows the reflection coefficient v/s frequency graph of RMPA with 
metamaterial. At the resonance frequency, the return loss is very low (−55 dB), 
which means the maximum power is radiated by the antenna. Figure 11 is a 
Smith chart showing impedance matching of RMPA with metamaterial at 26 
GHz. At 26 GHz the impedance is almost 50 ohms and reactive impedance is  

 

 
Figure 9. Design of metamaterial-loaded RMPA. 
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Table 2. Design of Edge port fed RMPA with metamaterial. 

 Optimized dimensions of patch antenna with slot (mm) 

Width of the patch (w) 4.26 

Length of the patch(L) 2.9 

Sub.width (Ws) 6.5 

Sub.Length(Ls) 6 

Feed length(a) 1.55 

Feed width(b) 0.53 

 

 
Figure 10. Shows reflection coefficient v/s frequency graph of RMPA with metamaterial. 

 

 
Figure 11. Smith chart showing impedance matching of RMPA with metamaterial. 

 
almost zero, which matches with source impedance. 

Figure 12(a) presents 3D view of the far-field of a RMPA at 26 GHz reson-
ance frequency. Figure 12(b) presents 3D view of the far-field of a RMPA at 25 
GHz frequency and Figure 12(c) presents 3D view of the far-field of a RMPA at 
27 GHz frequency. The gain of the antenna is 10 dBi at 8 dBi and 9 dBi at 26  
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Figure 12. (a) 3D view of the far-field of an RMPA at 26 GHz resonance frequency; (b) 3D view of the 
far-field of an RMPA at 25 GHz frequency; (c) 3D view of the far-field of an RMPA at 27 GHz frequency. 

 
GHz, 25 GHz and 27 GHz respectively. 

4. Application of Metamaterial in Designing Edge Port Fed 
Circular Microstrip Patch Antenna (CMPA). 

Circular microstrip patch Antennas are designed using DNG or SNG Metama-
terial cells, which is used to increase the performance of the system. These cells 
could substantially increase the gain and radiated power of an antenna. Fur-
thermore, these antennas can improve efficiency-bandwidth performance. Var-
ious metamaterial-based antennas can be used for wireless communication [21] 
[22].  

4.1. CMPA Design on Substrate without Metamaterial 

Circular microstrip patch antenna (CMPA) design on RT Duroid substrate with 
edge port feed at resonance frequency 26 GHz as employed in 5G communica-
tion and tested on software FEKO. The radius of the circular patch of CMPA is 
given by Equation (15). Where r is the actual radius and F is the effective radius 
of the circular patch, h is the height of the substrate. 

1
221 1.7726

2r

Fr
h FIn

h
π

πε

=
   + +      

               (15) 

98.79 10

r r

F
f ε

×
=  (h is in cms). 

4.2. Edge Port fed Circular Microstrip Patch Antenna (CMPA)  
Design on a Substrate without Metamaterial 

Figure 13 shows the design of Edge fed CMPA without metamaterial on RT du-
roid 5880 substrates. 

Design of edge fed CMPA without metamaterials is shown in Table 3. Re-
sonance freq. = 26 GHz, Substrate: RT Duroid 5880, εr = 2.2, Loss tangent = 
0.0009, hight of substrate (h) = 0.5 mm. 
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Figure 14 shows the reflection coefficient v/s frequency graph of CMPA. The 
return loss at resonance frequency is very low (−56 dB), which means the max-
imum power is radiated by the antenna. Figure 15 Is a smith chart showing im-
pedance matching of RMPA at 26 GHz. The impedance of the patch is zero at 
the center and increases to words edges. If at the edges impedance is very high 
then a quarter-wave transformer should be used for impedance matching. Oth-
erwise, a microstrip line will match the 50 ohms port impedance. The graph of 
VSWR v/s frequency is presented in Figure 16. VSWR of CMPA is 1.0 at 26 GHz. 
VSWR (voltage standing wave ratio) is the measure of RF power is transmitted 
into a load. We would like to cite one example, power amplifier is connected to  

 

 
Figure 13. Design of edge-fed CMPA. 

 
Table 3. Design of edge-fed CMPA without metamaterial. 

 
Patch antenna calculated  

dimensions (mm) 
Patch antenna optimized  

imensions (mm) 

Radius of patch 2.2 2.10 

Sub.width (Ws) 7.4 7.2 

Sub.Length (Ls) 7.4 7 

Feed length (a) 1.4 1.4 

Feed width (b) 0.36 0.36 

 

 
Figure 14. Reflection coefficient v/s frequency of Edge fed CMPA. 
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an antenna through a transmission line ideally, there will be no reflections and 
full signal from the power amplifier will be transmitted to the antenna. However 
in this world, no system is ideal, there will be some mismatches which will cause 
some of the signal to get reflected back into the transmission line. If VSWR is 
one that means the system is perfectly matched. 

The gain of an antenna is a very important parameter, gain should be very close 
to directivity so that the efficiency of the patch antenna increases. Figure 17  

 

 
Figure 15. Smith chart showing impedance matching at 26 GHz. 

 

 
Figure 16. VSWR v/s Frequency of CMPA with metamaterial. at 26 GHz. 

 

 
Figure 17. (a) 3D view of the far-field of a CMPA at 25 GHz resonance frequency; (b) 3D view of the 
far-field of a CMPA at 26 GHz frequency. 
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presents a 3D view of the far-field of an edge-fed patch antenna without meta-
material at 26 GHz. The total gain of an antenna also has been depicted in the 
figure. The gain is 8 dBi and 6 dBi at 26 GHz and 25 GHz respectively. 

4.3. Edge Port Fed Circular Microstrip Patch Antenna. (CMPA)  
Design with Metamaterial at 26 GHz Resonating Frequency 

Figure 18 depicts the design of edge-fed CMPA with metamaterial cells on the 
ground plane of the antenna. Mu metamaterial cells are loaded on the ground 
plane of the antenna. 

The optimized design of edge-fed microstrip patch antenna with metamaterial 
is shown in Table 4. The patch antenna is designed on RT Duroid substrate. 
Resonance freq. = 26 GHz, Substrate: RT Duroid 5880, εr = 2.2, Loss tangent = 
0.0009, height of substrate (h) = 0.5 mm. 

Figure 19 shows the reflection coefficient v/s frequency graph of CMPA with 
metamaterial. At the resonance frequency, the return loss is very low (−43 dB), 
which means the maximum power is radiated by the antenna. Figure 20 is a 
Smith chart showing impedance matching of CMPA with metamaterial at 26 
GHz. At 26 GHz the impedance is almost 50 ohms, which matches with source 
impedance. Figure 21 shows the graph of VSWR v/s Frequency. The value of 
VSWR is 1.0. 

 

 
Figure 18. Design of metamaterial-loaded RMPA. 

 
Table 4. Design of edge port fed CMPA with metamaterial. 

 Optimized dimensions of patch antenna with slot (mm) 

Radius of patch 1.92 

Sub.width (Ws) 7.4 

Sub.Length (Ls) 6.75 

Feed length (a) 1.45 

Feed width (b) 0.34 
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Figure 19. Shows reflection coefficient v/s frequency graph of RMPA with metamaterial. 

 

 
Figure 20. Smith chart showing impedance matching of CMPA with metamaterial. 

 

 
Figure 21. VSWR v/s frequency of CMPA with metamaterial. 

 
A Figure 22(a) depicts the 3D view of the far-field of a CMPA at 26 GHz re-

sonance frequency. Figure 22(b) is a 3D view of the far-field of a CMPA at 25 
GHz frequency. Figure 22(c) shows 3D view of a Theta gain of a CMPA at 26 
GHz frequency. It is a gain at theta equal to zero and phi equal to 90 degrees and 
Figure 22(d) shows the Directivity of an antenna at 26 GHz. 
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Figure 22. (a) 3D view of the far-field of a CMPA at 26GHz resonance frequency; (b) 3D 
view of the far-field of a CMPA at 25 GHz frequency; (c) 3D view of Theta gain of of a 
CMPA at 26 GHz frequency; (d) Directivity of antenna. 

5. Simulation Results 

The metamaterial cell comprising of SSRR is designed and simulated using 
MATLAB and CST software, it has been found that the cell with SSRR is a single 
or mu negative cell that shows negative permeability. The comparison of the pa-
rameters of RMPA with and without metamaterial is listed in Table 5. And the 
comparison of the parameter of Conventional edge fed CMPA and CMPA 
loaded with metamaterial is listed in Table 6. Both the antennas with metamate-
rial cells on the ground plane are designed and simulated using FEKO, It has 
been observed that the gain and bandwidth of patch antenna increases in com-
parison to RMPA without metamaterial. 

RMPA loaded with and without metamaterial are simulated using FEKO, It 
has been found that the bandwidth of antenna loaded with metamaterial cells 
increases considerably in comparison to RMPA without cells. RMPA without 
cells returns loss and bandwidth are –54 dB & 1.23 GHz respectively. Whereas 
RMPA with metamaterial the values of Return loss and bandwidth are –60.7 dB 
& 1.62 GHz respectively. Gain of RMPA without and with cells is found to be 
equal to 8 dBi and 10 dBi respectively. So the bandwidth is increased by 400 
MHz. And gain is increased by 2 dBi based on simulated results it has been 
found that the bandwidth and gain of RMPA have improved. VSWR of the con-
ventional antenna is 1.1 and that of the antenna with metamaterial is 1.02 
Smaller the value better is impedance matching. The lowest value of VSWR for  
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Table 5. Different parameters of RMPA. 

Parameters of RMPA 

 RMPA without metamaterial RMPA with metamaterial 

Reflection coefficient −54 dB −60.7 dB 

Bandwidth (10 db) 1.23 GHz 1.62 GHz 

Gain 8 dBi 10 dBi 

VSWR 1.1 1.04 

 
Table 6. Different parameters of CMPA. 

Parameters of CMPA 

 CMPA without metamaterial CMPA with metamaterial 

Reflection coefficient −56 dB −43.6 dB 

Bandwidth (10 db) 1.20 GHz 1.50 GHz 

Gain 8 dBi 9 dBi 

VSWR 1.00 1.01 

 
ideal antenna is equal to one. Conventional CMPA metamaterial loaded CMPA 
are simulated using FEKO, It has been found that the bandwidth of antenna 
loaded with metamaterial cells increases considerably in comparison to CMPA 
without cells. CMPA without cells returns loss and bandwidth are –56 dB & 1.20 
GHz respectively. Whereas CMPA with metamaterial the values of Return loss 
and bandwidth are –43.6 dB & 1.50 GHz respectively. Gain of CMPA without 
and with cells is found to be equal to 8 dBi and 9 dBi respectively. So the band-
width is increased by 300 MHz. And gain is increased by 1 dBi based on simu-
lated results it has been found that the bandwidth and gain of CMPA have im-
proved. VSWR of the conventional antenna is 1.0 and that of the antenna with 
metamaterial is 1.01. 

6. Conclusion 

This paper presents an edge port fed rectangular microstrip patch antenna and 
Circular patch antenna without and with metamaterial. Design and simulated 
results indicate that the RMPA gain and bandwidth have improved considerably 
by loading metamaterial on it. The simulated result shows 50 ohms impedance 
matching at 26 GHz. Also, the dimensions of the patch antenna have been de-
creased. The bandwidth and gain of RMPA are considerably higher compared to 
CMPA. 
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