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Abstract— A patch antenna (also known as a rectangular 

micro strip antenna) is a type of radio antenna with a low 

profile, which can be mounted on a flat surface. It consists of 

a flat rectangular sheet or "patch" of metal, mounted over a 

larger sheet of metal called a ground plane. Microstrip patch 

antennas radiate primarily because of the fringing fields 

between the patch edge and the ground plane. For good 

antenna performance, a thick dielectric substrate having a low 

dielectric constant is desirable since this provides better 

efficiency, larger bandwidth and better radiation. However, 

such a configuration leads to a larger antenna size. In order to 

design a compact Microstrip patch antenna, substrates with 

higher dielectric constants must be used which are less 

efficient and result in narrower bandwidth. Hence a trade-off 

must be realized between the antenna dimensions and antenna 

performance. A new shape of multiband hybrid microstrip 

patch antenna is presented in this paper. A simple and planner 

structure of proposed antenna fulfils the requirements of L 

and C band of IEEE standard at very low cost. Proposed 

antenna structure is obtained by combining Minkowski and 

invented Koch curve and then this curve and then this curve 

is applied at four sides of a square patch. Multiband behavior 

of antenna is achieved and better values of Return Loss (RL), 

Gain (G) and Radiation Pattern is achieved due to small size. 

Simulated and measured results of proposed antenna cover 

ten resonant frequencies (1.00, 1.88, 2.91, 3.57, 4.85, 5.47, 

5.70, 6.46, 6.73 and 7.74) ghz in L, S and C band. Better value 

of gain up to 20.9 Db is achieved. High Frequency Structural 

Simulation (HFSS) tool is used to simulate the proposed 

antenna. 
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I. INTRODUCTION 

A. Basics of Patch Antenna 

A patch antenna (also known as a rectangular microstrip 

antenna) is a type of radio antenna with a low profile, which 

can be mounted on a flat surface. It consists of a flat 

rectangular sheet or "patch" of metal, mounted over a larger 

sheet of metal called a ground plane. They are the original 

type of microstrip antenna described by Howell in 1972.The 

two metal sheets together form a resonant piece 

of microstrip transmission line with a length of 

approximately one-half wavelength of the radio waves. The 

patch is generally made of conducting material such as copper 

or gold and can take any possible shape. The radiating patch 

and the feed lines are usually photo etched on the dielectric 

substrate. 

 
Fig. 1.1: Basic Microstrip Patch Antenna 

 In order to simplify analysis and performance 

prediction, the patch is generally square, rectangular, circular, 

triangular, and elliptical or some other common shape as 

shown in Figure 2.2. For a rectangular patch, the length L of 

the patch is usually 0.3333λo< L < 0.5 λo, where λo is the 

free-space wavelength. The patch is selected to be very thin 

such that t <<λo (where t is the patch thickness).The height h 

of the dielectric substrate is usually .003 λo≤h≤0.05 λo. The 

dielectric constant of the substrate (εr) is typically in the range 

2.2 ≤ εr≤ 12. 

 
Fig. 1.2: Common Shapes of Microstrip Patch Elements 

 Microstrip patch antennas radiate primarily because 

of the fringing fields between the patch edge and the ground 

plane. For good antenna performance, a thick dielectric 

substrate having a low dielectric constant is desirable since 

this provides better efficiency, larger bandwidth and better 

radiation. However, such a configuration leads to a larger 

antenna size. In order to design a compact Microstrip patch 

antenna, substrates with higher dielectric constants must be 

used which are less efficient and result in narrower 

bandwidth. Hence a trade-off must be realized between the 

antenna dimensions and antenna performance. 

B. Advantages 

Microstrip patch antennas are increasing in popularity for use 

in wireless applications due to their low-profile structure. 

Therefore they are extremely compatible for embedded 

antennas in handheld wireless devices such as cellular 

phones, pagers etc... The telemetry and communication 

antennas on missiles need to be thin and conformal and are 

often in the form of Microstrip patch antennas. Another area 

where they have been used successfully is in Satellite 

communication. Some of their principal advantages are given 

below: 

 Light weight and low volume. 

 Low profile planar configuration which can be easily 

made conformal to host surface. 

 Low fabrication cost, hence can be manufactured in large 

quantities. 

 Supports both, linear as well as circular polarization. 

 Can be easily integrated with microwave integrated 

circuits (MICs). 

 Capable of dual and triple frequency operations. 

https://en.wikipedia.org/wiki/Microstrip
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C. Disadvantages 

Microstrip patch antennas suffer from more drawbacks as 

compared to conventional antennas. Some of their major 

disadvantages are given below: 

 Narrow bandwidth. 

 Low efficiency. 

 Low Gain. 

 Extraneous radiation from feeds and junctions. 

 Poor end fire radiator except tapered slot antennas. 

 Low power handling capacity. 

 Surface wave excitation. 

 Microstrip patch antennas have a very high antenna 

quality factor (Q). It represents the losses associated with the 

antenna where a large Q leads to narrow bandwidth and low 

efficiency. Q can be reduced by increasing the thickness of 

the dielectric substrate. But as the thickness increases, an 

increasing fraction of the total power delivered by the source 

goes into a surface wave. This surface wave contribution can 

be counted as an unwanted power loss since it is ultimately 

scattered at the dielectric bends and causes degradation of the 

antenna characteristics. Other problems such as lower gain 

and lower power handling capacity can be overcome by using 

an array configuration for the element. 

II. DESIGN METHODOLOGY 

A. Application Software 

For my simulation i used an application from Ansoft called 

HFSS (high frequency structural simulator.). I found out that 

Ansoft HFSS is the most precise antenna simulation software. 

 
Fig. 2.1: Shows the Typical Layout for Ansoft HFSS 

B. Design of Multi Slot Rectangular Microstrip Patch 

Antenna 

 
Fig. 2.2: Design of Multi Slotted Microstrip Patch Antenna 

C. Design Procedure Steps 

1) Step 1: Design a ground plate of rectangular shape with 

its length 28mm and breadth28 mm. 

2) Step 2: Assign material to the ground plate 

3) Step 3: Construct a substrate of same length and breadth 

of the ground with Height Of 1.6mm. Assign material to 

the substrate that is FR4 Epoxy. 

4) Step 4: Design a patch of rectangular shape with length 

20 mm and breadth 20mm.Assign Perfect E boundaries 

to the patch 

5) Step 5: Construct slot of triangle shape with the 

dimensions of side arm lengths 4mm perpendicular, 

4mmas base of triangle on the patch. 

6) Step 6: And add a 0.75mm square to that slotted space as 

shown in above fig. 

7) Step 7 Design a coaxial probe feed of inner radius 0.5 

mm and outer radius 0.9mm Passes in y direction from 

center of the patch. 

8) Step 8: Cut a slot in the ground so that feed reaches up to 

the patch. 

9) Step 9: Create a source at the end of the feed. Assign 

wave port excitation to it. 

10) Step 10: After the whole design is completed, construct 

a radiation box to collect the radiations emitted by the 

patch. Assign radiation boundary to it. 

D. Simulation Steps 

1) Step 1: The whole design is completed, Click on Validate 

to check if there is any error in our design. If any, correct 

them. 

2) Step 2: Assign solution set up, in that we provide Setup 

name, add the solution frequency, Assign maximum 

number of passes, and then give Maximum DeltaS 

(0.01). 

3) Step 3: Create sweep name, sweep type (fast), Assign 

frequency set up, in that Provide start and stop frequency 

and the step size. 

4) Step 4: Click on analyze all. 

5) Step 5: Wait till the simulation gets completed. This may 

take some time. 

6) Step 6: Once the simulation is over, go to HFSS-> 

Results-> Create terminal solution data report > 

Rectangular plot, Radiation pattern, Polar plot, etc. 

Analyze them alone by one. 

7) Step 7: Change the operating frequency and number of 

passes for finer results. 

E. Simulation Results 

1) Return Loses 

 
Fig. 2.5.1: Return Loss at Frequency 2.1 GHz 
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From the plot it can be observed that return loss at frequency 

2.15GHz is maximum which is near by-22dB. 

2) VSWR 

 
Fig. 2.5.2. VSWR 

The plot shows that VSWR of proposed antenna at frequency 

2.1 GHz is 1.1557 

3) Gain 

The radiation pattern shows gain of proposed antenna at 

frequency 2.15GHz is about 7.02 dB. 

 
Fig. 2.5.3: 3D Polar Plot of Gain at 1 GHz 

 
Fig. 2.5.4: Gain at Frequency 1.8 GHz 

 
Fig. 2.5.5: Gain at Frequency 2.0 GHz 

 
Fig. 2.5.6: Gain at Frequency 8.5 GHz 

 
Fig. 2.5.7: Gain at Frequency 10 GHz 

F. Antenna Fabrications 

 
Fig. 2.5.8: (a) Top View of Fabricated Antenna (b) Bottom 

View of Abricated Antenna 

Dimensions of substrate are length (L) = 48 mm and width 

(W) = 46 mm, patch length (La) = 39 mm and width (Wa) = 

37 mm as per shown in fig. 6.6 (a) and (b) respectively. 

Microstrip line feed is used to calculate better results of 

proposed antenna with port impedance resistance = 50 ohm. 

By varying feed position and substrate material results are 

calculated but better results by using FR4 epoxy as substrate 

are calculated and best feed position is also shown in figure 

1. Width of feed line is kept 1 mm for better results. Proposed 

antenna is also fabricated using FR4 substrate material and 

SMA female connector is used to provide excitation to 

antenna and is shown in figure 2.6. 

G. Comparison of Proposed Antenna with Other Similar 

Antennas 

Antenna 
No. of resonant 

frequency 
Size 

Proposed Antenna 10 39 x 37 x 1.6 

Reddy [10] 1 42 x 42 x 2.2 

Karli[11] 2 18 x 60 x 1.6 

Sharma [12] 4 100 x 50 x 1.6 

Table 1. Comparison with Other Antennas 

III. CONCLUSION & FUTURE SCOPE 

A compact novel shape of proposed antenna is simulate and 

fabricated by mixing minkowski curve with koch curve and 

then superimposing them on square patch. The results are 

measured which proves that proposed antenna is capable of 

working on L, S and C band of IEEE standards. Proposed 

antenna has maximum gain of 21 dB and ten working 

resonant frequencies. Hence antenna has better results than 

other similar antennas present in literature. Comparison table 

of proposed antenna with other antennas is shown in table 1. 

 Different feeding techniques like coaxial fed, 

waveguide can be applied to achieve different results. The 

characteristics of proposed antennas have been investigated 
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through different parametric studies using HFSS simulation 

software. The proposed antennas have achieved good 

impedance matching and high gain. One of the main 

drawbacks of this antenna is its narrow bandwidth, which is 

caused by the use of resonant elements. 
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