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ABSTRACT 
The general method of using U-slots to design dual and triple band patch antennas is described. The U-slot patch antenna was 
originally developed as a single-layer, single-patch wideband antenna. Emphasis is placed on experimental and simulation results 
for U-slot topologies. These include wideband, dual- and triple- band operation with small and large frequency ratios, as well as 
for circular-polarization applications [3]. A dual-band rectangular microstrip antenna is obtained by cutting a resonant U-slot or 
placing an open-circuit stub on the radiating edges of the rectangular microstrip antenna [4]. Also a triband patch antenna with a 
combined U and H-slot has been investigated. In this project, a comprehensive account is given on the modification of 
rectangular microstrip antenna.  
Keywords: Microstip antenna, Rectangular Patch, Dielectric Substrate, Feeding point, U slot, H slot. 

1. INTRODUCTION 
An antenna is defined by Webster’s Dictionary as “a usually metallic device (as a rod or wire) for radiating or receiving 
radio waves.”The IEEE Standard Definitions of Terms for Antennas (IEEE Std 145–1983) [1] defines the antenna or 
aerial as “a means for radiating or receiving radio waves.” In other words the antenna is the transitional structure between 
free-space and a guiding device. An ideal antenna is one that will radiate all the power delivered to it from the transmitter 
in a desired direction or directions. The objective of this program is to simulate, fabricate and measure, the impedance 
properties a stub loaded U-shaped and H-shaped-slot rectangular microstrip patch antenna resonating at a frequency of 
2.35 GHz. 

2. MICROSTRIP ANTENNA 
In high-performance aircraft, spacecraft, satellite, and missile applications, where size, weight, cost, performance, ease of 
installation, and aerodynamic profile are constraints, and low-profile antennas may be required. There are many other 
government and commercial applications, such as mobile radio and wireless communications that have similar 
specifications. To meet these requirements, microstrip antennas can be used. These antennas are low profile, conformable 
to planar and nonplanar surfaces, simple and inexpensive to manufacture using modern printed-circuit technology, 
mechanically robust when mounted on rigid surfaces, compatible with MMIC designs, and when the particular patch 
shape and mode are selected, they are very versatile in terms of resonant frequency, polarization, pattern, and impedance. 
In addition, by adding 
loads between the patch and the ground plane, such as pins and varactor diodes, adaptive elements with variable resonant 
frequency, impedance, polarization, and pattern can be designed. Major operational disadvantages of microstrip antennas 
are their low efficiency, low power, high Q (sometimes in excess of 100), poor polarization purity, poor scan 
performance, spurious feed radiation and very narrow frequency bandwidth, which is typically only a fraction of a percent 
or at most a few percent. However, there are methods, such as increasing the height of the substrate, that can be used to 
extend the efficiency (to as large as 90 percent if surface waves are not included) and bandwidth (up to about 
35%).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 polarization characteristics. Surface waves can be eliminated, while maintaining large 
bandwidths, by using cavities. Other methods, of microstrip elements can also be used to increase the bandwidth. In 
addition, microstrip antennas also exhibit large electromagnetic signatures at certain frequencies outside the operating 
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band, are rather large physically at VHF and possibly UHF frequencies, and in large arrays there is a trade-off between 
bandwidth and scan volume. 
 
A Microstrip patch antenna consists of a radiating patch on one side of a dielectric substrate which has a ground plane on 
the other side as shown in Figure: 1. 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.  
Microstrip antennas, as shown in Figure 1, consist of a very thin (t _ λ0, where λ0 is the free-space wavelength) metallic 
strip (patch) placed a small fraction of a wavelength (h _ λ0, usually 0.003λ0 ≤ h ≤ 0.05λ0) above a ground plane. The 
microstrip patch is designed so its pattern maximum is normal to the patch. For a rectangular patch, the length L of the 
element is usually λ0/3 < L < λ0/2. The strip (patch) and the ground plane are separated by a dielectric sheet (referred to 
as the substrate), as shown in Figure 1.There are numerous substrates that can be used for the design of microstrip 
antennas, and their dielectric constants are usually in the range of 2.2 ≤ ɛr ≤ 12. The ones that are most desirable for good 
antenna performance are thick substrates whose dielectric constant is in the lower end of the range because they provide 
better efficiency, larger bandwidth, loosely bound fields for radiation into space, but at the expense of larger element size. 
Thin substrates with higher dielectric constants are desirable for microwave circuitry because they require tightly bound 
fields to minimize undesired radiation and coupling, and lead to smaller element sizes; however, because of their greater 
losses, they are less efficient and have relatively smaller bandwidths. Since microstrip antennas are often integrated with 
other microwave circuitry, a compromise has to be reached between good antenna performance and circuit design. 

 
 

Fig: 1 Microstrip antenna and co-ordinate system 
 

3. RECTANGULAR PATCH 
The rectangular patch is by far the most widely used configuration. It is very easy to analyze using both the transmission-
line and cavity models, which are most accurate for thin substrates. We begin with the transmission-line model because it 
is easier to illustrate. Rectangular Microstrip patch antennas are well suited for integration in many applications owing to 
their conformal nature. There are many wide banding techniques used for the MSAs. But many wide banding techniques 
such as using slots in the patch require an inductive coupled feed (probe feed). But complete planar (2D) processes for 
manufacturability needs capacitive coupling. Capacitive coupling with coplanar feed network has the drawback that the 
feed network interferes with the radiation properties of the antenna. So the coupling techniques with the feed lines in the 
plane other then the antenna are more suitable. Aperture coupled feed and proximity feed are two such feed techniques. Of 
these, aperture coupled feed which makes use of thick antenna substrates is the most convenient as it has only single 
ground plane. Apart from this aperture coupling provides a greater radiation pattern symmetry and greater ease of design 
for higher impedance band width owing to a large number of design parameters. In this type of feed by using multiple 
patches bandwidths up to 70% are reported (however only single patch design is attempted in this project). 

               

 
Fig: 2 Structure of  Rectangular Microstrip Patch Antenna 
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a. Design Specifications: 
 
The three essential parameters for the design of a rectangular Microstrip Patch Antenna are:                                                                                                                
• Frequency of operation (f0): The resonant frequency of the antenna must be selected appropriately. The resonant 
frequency selected for our design is 2.35 GHz. 
• Dielectric constant of the substrate (εr): The dielectric material selected for our design is Cupper, which has a dielectric 
constant of 2.4. A substrate with a high dielectric constant has been selected since it reduces the dimensions of the 
antenna. 
• Height of dielectric substrate (h): For the microstrip patch antenna to be used in cellular phones, it is essential that the 
antenna is not bulky. Hence, the height of the dielectric substrate is selected. 
 
                        
                                                                       

i. Calculation of the Width (W ): 
 

  W =                         Eqn(A) 

          =  

       =  

        =0.834260298  
        =64mm. 
[Note: Referring to fig. 14 we find that W= 64mm. But there are no mentions of the value of resonant frequency. Hence 
putting W= 64mm and other values in equation A we obtained fr = 2.35 GHz.] 
 

ii. Calculation of Effective dielectric constant ( εreff ): 
 

   + [1+12 ]-1/2 

                    =1.7+0.7 [1+12 ]-1/2        

      =2.313  
 

iii. Calculation of the length extension (ΔL): 
 

   

                 = 0.412 1.6          

   =  

       = 0.8271 
 

iv.  Calculation of actual length of patch ( L ): 
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   L = 2     

             

       = 58.8mm 
                                                                                                                                     
ɛr = dielectric constant of the substrate = 2.4 
h = height of the dielectric substrate = 1.6mm.  
v0 = speed of light in free space = 3*1011mm. 

 
Fig: 5 Geometry of the Rectangular patch antenna 

 
 
For this rectangular patch we have taken the length of the rectangle 58.8mm and width 64mm. We feed the port below 
13mm from middle point.  
 

b. SIMULATED  RESULT 
 

 
 

Graph:1 
This is our simulated result for a simple rectangular patch antenna; we have got only one frequency below -10db, that is -
16.615db at 4.432 GHz. 
                                                                                                                                                                                                                          

4. A MICROSTRIP ANTENNA WITH A U AND H-SLOT[3]: 
 

a. U and H-Shaped-Slot Rectangular Patch: 
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Most of the studies of the U-slot patch antenna were concerned with its broadband capabilities. However, since the U-slot 
introduces another resonance, a dual-band antenna can be obtained by appropriately choosing the parameters. To obtain 
triple-band operation, a second slot is needed. Two slots are necessary to achieve triple-band operation. While it is 
possible to use two U-slots, we have found that making the second slot in the form of an H-slot offers better flexibility [5]. 
A microstrip antenna with two slots [3] has been investigated in this section. The return loss vs. frequency characteristics 
have been obtained by simulation and measurements. The structure investigated in reference [3] is reproduced below:   
 

b. Structure of Rectangular Patch with a U-shaped and H-shaped-slot[3]: 

 
Fig:6 Geometry of a U-slot in combination with an H-slot patch antenna 

                                                                                                                                             
The structure shown in fig; 6 given in ref [3] has been used. The dielectric constant of the substrate used in that paper was 
2.33, which was not available to us. So we had to change the values of the dielectric constant of the substrate for our 
antenna and designed a new modified antenna. 

 
Fig: 7 Geometry of a U-slot in combination with an H-slot patch antenna 

 
For this rectangular patch we have taken the length of the rectangle as 58.8mm and width as 64mm. For U-slot we have 
taken the length as 22mm, width 34mm and thickness is 1.5mm. For H slot we have taken the length as 28mm, width as 
13.5mm and the thickness is 2mm. The feeding point was chosen to be at 13.5mm above middle point.                                                                                                                                          
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c. DESIGN SPECIFICATIONS 
 
The three essential parameters for the design of a rectangular Microstrip Patch Antenna are: 
• Frequency of operation (f0): The resonant frequency of the antenna must be selected appropriately.  Hence the antenna 
designed must be able to operate in this frequency range. The resonant frequency selected for our design is 2.35 GHz [3]. 
• Dielectric constant of the substrate (εr): The dielectric material selected for our design is Cupper, which has a dielectric 
constant of 2.4. A substrate with a high dielectric constant has been selected since it reduces the dimensions of the 
antenna. 
• Height of dielectric substrate (h): For the microstrip patch antenna to be used in cellular phones, it is essential that the 
antenna is not bulky. Hence, the height of the dielectric substrate is selected as 1.6 mm. 
 

i. Calculation of the Width (W): 
 

  W =  

          =  

            =  

           =0.834260298  
           =64mm. 
                                                                                                                                         

ii. Calculation of Effective dielectric constant ( εreff ): 

  + [1+12 ]-1/2 

                   =1.7+0.7 [1+12 ]-1/2 

                   =2.313 
 

iii. Calculation of the length extension (ΔL ): 
 

                     

            = 0.412 1.6  

                      =  

                      = 0.8271                                                                                                                                                 
 

iv. Calculation of actual length of patch ( L ): 
 

   L = 2  

      

       

     = 58.8mm. 
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ɛr = dielectric constant of the substrate = 2.4 
h = height of the dielectric substrate = 1.6mm.  
v0 = speed of light in free space = 3*1011mm. 
 

d. The Simulation result of the antenna [3]: 
 

 
 

e. Simulated Data of our modified antenna (fig. 7): 
 

 
Graph: 4 

 After simulation we get two resonant frequencies, these are 4.852 GHz, 5.284 GHz and the corresponding bandwidths are 
-12.6393 dB, -24.2493 dB (graph 4).                                                      
                                                                                                                                                                                                          
 

f. Measured Data of our antenna (fig. 7): 

 
 

Graph: 5 
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 Measurement by network analyzer gives multiple resonant frequency response as shown in graph 5. The measured 
frequencies are 3.21 GHz, 3.85GHz, 4.715 GHz, 6.505 GHz, 9.03GHz, 9.9GHz and the corresponding bandwidths are -
14.799 dB, -10.443dB, -21.049dB, -12.917 dB, -11.712dB, -16.031dB respectively. 
 

5. CONCLUSION 
  By simulating the antenna, we get two resonant frequencies and six frequencies by measurement. The measured data is 
much better than the simulated data. This difference between the simulated and measured data may be due to some 
changes of the values of the dielectric constant used and the fabrication was not cent percent perfect. The measured data 
proves that the modification of the antenna gives better results.       
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