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Abstract— Wireless technology is one among the most areas 

of analysis within the world of communication systems these 

days. In this project we have designed two element slotted 

patch antenna for two different application that is Wi-Fi 

(wireless fidelity) and LTE (long term evolution) which 

operates on the frequency 2.4GHz and 2.6GHz. The second 

group concentrated on design and simulation of patch 

antennas (Which are widely used in cell phones today) with 

an emphasis on optimization of a 2.4 GHz rectangular probe 

fed patch antenna. A dual band antenna and a microstrip fed 

patch antenna were used in the communication system. 
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I. INTRODUCTION 

Multiple transmit and multiple receive antennas has emerged 

as one of the most significant technical breakthroughs in next 

generation wireless communications. MIMO is considered a 

key technology for improving the throughput of future 

wireless broadband data systems; MIMO is the use of 

multiple antennas at both the transmitter and receiver to 

improve communication performance. MIMO technology 

has attracted consideration in wireless communications, 

because it offers range without requiring additional 

bandwidth or transmit power, higher spectral efficiency and 

reduced fading. Because of these assets, MIMO is an 

important part of modern wireless communication standards 

such as IEEE 802.11n (Wifi), Long Term Evolution (LTE).  

MIMO systems employing wideband microstrip patch 

antenna is the fastest growing field of technology which has 

captured the attention of day to day life in the future Wireless 

Communications due to their tremendous spectral efficiency.  

MIMO systems promise to reach very large data rates and 

there with high spectral efficiencies. The role of microstrip 

antennas in the current wireless consequence and different 

types of microstrip antennas that are used in the design of 

MIMO systems are presented. These antennas are 

narrowband elements, which restrictions their application in 

modern high data rate wireless systems.  

II. RELATED WORK 

Hamid reza Dalili described a new planar microstrip ultra 

wideband antenna for multi input and multi output 

applications. To reduce the interference problems, UWB 

antennas with various band notch properties have used. His 

proposed antenna consists of hexagonal patch and a partial 

ground which the both of its edge have been etched. And 

using semi circular slot in different position to increase the 

bandwidth with semi-circular slot become better on the upper 

band with creating a resonant frequency at nearly 16.3Ghz. 

Also two element array of such antenna in four different 

configurations for MIMO applications were analyzed. Slot 

important roles to create the notches but leads a disadvantage 

i.e when this type of antenna is integrated with printed circuit 

board, the RF circuit cannot be very close to ground plane [1].  

 Ghyda'a M focuses on to enhance the bandwidth of 

the printed slot antenna with center E-shaped  patch  the 

overall size of this antenna is 37x37 mm2 mounted on top of 

FR4 dielectric material with relative permittivity of Er =4.4, 

and fed by a microstrip feed line printed on the bottom of the 

dielectric material. From the simulation results, it has been 

found that the antenna is able to operate at wide BW ranging 

from (2.35-6.91) GHz [2].  

 K. Jagadeesh Babu has been presented a two 

element MIMO system is using a multi slot patch antenna 

employing orthogonal polarization diversity. The proposed 

antenna array resonates at dual band offering an improved 

bandwidth of 16% with return loss and mutual coupling < -

27dB. These characteristics are well suited for all 4G MIMO 

applications. The proposed MIMO system, the separation 

between the elements is 10 mm which is 0.17λ. This 

separation is much smaller compared to the conventional 

arrays which are separated by 0.5λ. The proposed MIMO 

array exhibits improved return loss (s11) and excellent 

isolation properties (S12) at the resonant frequencies 5.35 

GHz and 5.81GHz. The antenna gives the -10dB bandwidth 

of 16%. At the resonant frequencies the values of S11 are -

27dB and -32dB respectively, which gives good impedance 

matching for the antenna [3]. 

III. ANTENNA DESIGN 

A. Design Constraints of Antenna:  

A new methodology has been defined by designing practical 

2X2 MIMO system along with the design consideration. The 

system is operating on 2.4 GHz ISM band frequency using 

real-world antennas designed on CST Microwave studio. We 

have analyzed various parameter of the MIMO array and 

found that the antennas in the MIMO system are operating 

independently of each other which is a necessary  requirement 

for MIMO system design. MIMO systems offer an increased 

capacity but this required a complex design and problem 

associated with mutual coupling need to be taken care of 

otherwise they create huge interference, also the cost for 

designing the structure is high. A Microstrip  patch antenna 

contains of a delicate metallic patch above a ground plane. 

Proposed design consists of the microstrip antenna which has 

patched dimensions as 24mm X 41mm and ground dimension 

as 65mm X 47mm. The overall performance of patch depends 

additionally on size, but also the shape. The dielectric 

material chosen for our design is FR4 which has a constant of 

dielectric is 4.4. The dielectric substrate has height 

(Thickness) equal to 1.6mm [16]. 

 To design a Rectangular Microstrip patch antenna 

the necessary are: 

1) The operating frequency (Fo) 

2) Dielectric constant of substrate 
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3) Effective dielectric constant 

4) The height of the dielectric substrate (hs) 

5) The height of the conductor (t) 

6) The width of the patch (W) 

7) The Length of the patch (L) 

8) The length and width of the ground plane (Wg) and (Lg)  

 Formulation  

 Step 1: Calculation of the Width (W) - 

 
 Step 2: Calculation of the Effective Dielectric Constant.  

 
 Step 3: Calculation of the Effective length 

 
 Step 4: Calculation of the length extension ΔL 

 
 Step 5: Calculation of actual length of the patch 

 
 Step 6: Calculation of ground plane dimentions (Lg and 

Wg): 

Lg = 6h+L; Wg = 6h+W 

B. Design of Simple Microstrip Patch Antenna: 

The design is of straight forward microstrip patch antenna 

which has dimensions given in below. This antenna is 

resonating at three frequencies that are 2.4GH, 2.6GHz and 

3GHz respectively. It is a distinctive, comfortable design 

which having the higher accuracy and less complexity. 

PARAMETER VALUES 

Patch width (Wp) 30.617 mm 

Patch length (Lp) 34.617mm 

Ground width (Wg) 72.234 mm 

Ground length (Lg) 15 mm 

Height of substrate (Hs) 1.6 mm 

Height of ground (Ht) 0.034 mm 

Dielectric constant 4.7 

Table 1: Dimension of proposed Microstrip Antenna 

 
Fig. 1: Simple Microstrip Patch Antenna Desi 

 S-parameters characterize the input-output relation 

among ports (either terminal) in an electrical system. The 

S11, S22 parameters have the meaning of reflection 

coefficients.S11 and S22 represents the power reflected from 

the antenna. At 1.8 GHz frequency, S11= -12.75dB, VSWR= 

1.59, Directivity=5.14dBi. At 2.8 GHz frequency, S11=-

14.37dB, VSWR= 1.48, Directivity=6.34dBi. At 3.3GHz 

frequency,S11=-10.08dB, VSWR= 1.91, Directivity=6dBi 

and also reference impedance is very close to 50 ohms. 

 
Fig. 2: S parameter at 2.3GHz 

C. Design of 2 Element MIMO Antenna: 

To improve the parameters such as directivity, VSWR and 

Bandwidth, 2 element MIMO antennas designed. The 2 

element antenna increases the radiation pattern which has the 

ground length of 34.9514mm and width 72.234mm. This 

antenna is also operating at the frequencies 2.3GHz, 2.4GHz 

and 2.6GHz respecively. 

 
Fig. 3: 2 Element MIMO Antenna Design 

 At 2.3 GHz frequency, S11 = -10.68dB, VSWR= 

1.32, Directivity = 7.05dBi. At 2.86GHz frequency, S22 = -

26.45dB, VSWR= 1.001dB, Directivity = 6.5dBi. At 2.5GHz 

frequency, S22 = -12.0609dB,VSWR = 1.66, Directivity= 

6.1dBi which shows improvement in the results.           

 
Fig. 4: S parameter at 2.4GHz 

 
  Fig. 5: S parameter at 2.6 GHz 
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Fig. 6: Fabricated 2 Element MIMO Antenna 

D. Vector Network Analyser (VNA): 

The vector network analyzer (VNA) is a form of RF network 

analyser broadly used for RF implementing applications. A 

vector network analyzer is a test system that permits the RF 

performance of radio frequency (RF) and microwave devices 

to be categorized in terms of network scattering parameters, 

or S parameters. The information delivered by the vector 

network analyzer VNA is then used to certify that the RF 

design of the circuit is enhanced to provide the best 

performance. Using an RF network analyzer in any RF design 

provides the RF design engineer with a view of the 

components and circuits that would not be probable with any 

other form of test equipment. In this way the vector network 

analyzer, VNA is an vital tool that RF design engineers 

should be able to use. 

 
Fig. 7: VNA Test 

                Although the name of the vector network analyzer 

VNA is the most broadly used name for this piece of test 

equipment, sometimes it may be called a gain phase meter in 

opinion of the fact that they are able to measure both the gain, 

i.e. amplitude and also the phase of the device or piece under 

test. Another name that is irregularly used is the Automatic 

Network Analyzer. However by distant the most widely used 

is the name vector network analyzer (VNA). 

E. Radiation Pattern 

 
Radiation pattern at 2.4GHz 

 
Radiation pattern at 2.6GHz 

 
Reference impedence at 2.4GHz 

 
Reference impedance at 2.6GHz 

IV. CONCLUSION 

From above simulation results, the design concludes that the 

increase in the number of patches on the substrate, data rate 

and radiation pattern get increased. The Proposed design 

resonating at three frequencies and that are 1.8GHz, 2.8GHz 

and 3.3GHz and it gives VSWR in the range of 1 to 2 and the 

values of S Parameters which are less than -10 dB. In such 

way the designed antennas which give good results in the 

range of 1.8 to 3.3GHz frequencies which are used for 

different wireless application. 
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