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Abstract 
 

Antenna plays an important role in most of the RF and microwave applications. Intensifying applications of wireless communications 

now a day’s persist to challenge RF or microwave Antenna with ever more meticulous requirements- smaller size, lighter weight, high 

performance, economical and easy for fabrication. The advancement in the modern materials fabrication technologies  and different re-

search on novel materials, including monolithic microwave integrated circuits (MMIC), low-temperature cofired ceramics (LTCC), high-

temperature superconductors (HTS), micro electro mechanic system (MEMS), and micromachining technology, have encouraged the fast 

strengthening of latest microstrip and supplementary Antenna for RF and microwave applications. The manuscript presented here is a 

representation of the H shape patch antenna design and effect of coupling of parasitic patch and discontinuities in radiating structure in 

order to achieve high gain and better bandwidth (-10 dB).  A mathematical model is presented which has been established on the basis of 

result obtained. The working frequency range of the manuscript is from 1 GHz to 20 GHz. 

 
Keywords: Bends Discontinuities (BD), Gaps Discontinuities (GD), Lumped Capacitor, Lumped Inductor,  Microelectromechanic system (MEMS), Mono-

lithic Microwave Integrated circuits (MMIC), Open-Ends Discontinuities (OED), Steps Discontinuities (SD). 

 

1. Introduction 

The theory of microstrip patch antenna was original coined in 

1953 by deschamps [1] and a patent for the same is filed in 1955 

but the concept gain attention after the advancement in growth of 

printed circuits, microwave equipment and different kind of low 

attenuation media material which made microstrip antenna more 

practical. The microstrip patch antenna Found widespread applica-

tions in present days when the compatible devices are widely use 

in our day to day communication like cell phone, USB dongles, 

hotspot etc. Thus, physical size reduction and bandwidth en-

hancement along with high gain are major design consideration 

[1,2] for practical antenna. In this paper different discontinuities 

are proposed on an H-shape radiator with the height of 1.6 mm FR 

4 substrate material. On the basis of four designs it has been estab-

lished a relationship between symmetry of gap discontinuities and 

high impedance lumped parameter with the gain improvement. It 

is observed about 27.45% of gain improvement as compare of the 

conventional H slot antenna. The band of radiation is also im-

proved in the proposed design along with satisfactory bandwidth. 

The working range of frequency is 1 GHz to 20 GHz which cover 

our most of the day to day communication. The contents of the 

paper are organized in following manner. Section 2, describe the 

theory and design equations for strip lines, discontinuities and 

coupled lines, as well as distributed and lumped components       

Equivalents for different patch antenna design. Section 3 discuss 

different H shape patch antenna with different discontinuities, 

parasitic patch and patch based lumped parameter which validate 

the proposed analytical models in section 2. Section 4 is devoted 

to the discussion of various results obtained by different proposed 

design technique. And finally, a conclusion is reached in section 5. 

2. Resonant Characteristics of Microstrip An-

tenna  

In common, the design of microstrip antenna associated with the 

selection of microstrip line and resonating structure, converting 

transmission line equivalent of lumped element components for an 

antenna and its characteristics are then obtained by equating the 

impedances of the transmission lines to the impedances of lumped 

elements of an earlier designed antenna. The choice of the type of 

response will depend on the required specifications of antenna. 

The different parameter which affects the design of microstrip 

antenna is discussed in this section. 

 

2.1 Effective Dielectric Constant and Characteristic Imped-

ance  

The transmission characteristics of RPA’s are well explained by 

two parameters, first, the effective dielectric constant 𝜺𝒓𝒆𝒇𝒇  and 
second one is the characteristic impedance Zcf, which can be find 
by quasi-static examination [7] [1],  

 

𝜀reff =  
𝜀𝑟+1

2
+

𝜀𝑟−1

2
(1 +

10

𝑝
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where p = W/h, and 

 𝑥 = 1 + 0.0204𝑙𝑛 (
𝑝4+(0.0193𝑝)2

𝑝4+0.432
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The accuracy of the model is enhanced by 0.2% for  dielectric 

constant is less then 128 and width to thickness ration between 

0.01. to 100 i.e 0.01 ≤ W/h ≤ 100. The expression for the charac-

teristic impedance is [7,12] 
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where p = W/h, η = 120𝝿 ohms, and    

𝐷 = 6 + 0.28e
[−(

30.67

p
)

0.753
]
                             (5) 

 

2.2 Classification of Resonators and Microstrip Discontinuities 

 

There are different types of resonators, depending upon the shape 

and performance characteristic of the resonator, which is classified 

as Single, Dual, Triple and Quadruple mode resonator [6]. 

Microstrip discontinuities frequently find in the design layout of 

physical printed antenna which includes steps discontinuities [7,9] 

open-ends discontinuities, bends discontinuities, gaps discontinui-

ties, and junction’s discontinuities. Figure.1, 2, 3 and 4 illustrates 

all of the above discontinuities design and their equivalent circuits. 

The property of discontinuities can be repeatedly used [10,11,12] 

in the patch antenna design. 

 
Figure.1 Microstrip step discontinuities. 

The capacitance and inductances of the equivalent circuit indicat-

ed in Figure 1 [6, 7] for a symmetrical steps can be approximated 

by the following formulation.  
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Where, 
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Likewise different discontinuity are used for design of microstrip 

antenna by calculating required parameters. 

For an open end microstrip line of width, the different fields pre-

sent do not stop suddenly however these fields extends vaguely 

further due to the presence of the fringing field effect. This fring-

ing field effect can be explained either by an equivalent capaci-

tance Cp connected in shunt or by an equivalent transmission line 

[6,7] of length ∆l, as shown in Figure 2. The relationship between 

the two parameters-equivalent can be represented by 

 

∆𝑙 =
𝑣𝑍𝑐𝑍𝑝

√𝜀𝑒𝑒𝑓
                       (10) 

 

Where v is the light velocity in free space. A closed-form expres-

sion for ∆l/h is given by  
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Figure.2 Microstrip open-end discontinuities 

 

The representation of microstrip gap by its equivalent circuit is 

shown below in Figure 3. Where Cp and Cg are shunt and series 

capacitances respectively which can be calculated by 

 

Cp = 1/2Cr                            (17) 

Cg = 1/2Ce – 1/4Cr                      (18) 
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Figure.3 Microstrip gap discontinuities. 

 

The bents of 90° angle in a microstrips line can be represented by 

a T-network equivalent, as shown in Figure 4. The closed-form 

expressions for estimate of capacitance and inductance is given 

by : 
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Figure.4 Microstrip bend discontinuities. 
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2.3  Lumped Inductors and Capacitors   
 

Several emblematic configurations for planar microwave lumped 

parameters i.e inductors and capacitors [13,14] are shown in Fig-

ures 5 and 6. 

 
Figure.5 Lumped-Components (a) high-impedance inductor 

 line; (b) meander inductor line; (c) circular spiral inductor; 
 (d) square spiral  inductor. 

 
Figure.6 Lumped-Parameter: (a) Inter digital capacitor; (b) MIM capacitor. 

 

3. Design of the Antenna 
 

In this section   four design of H slot rectangular patch antenna 

using FR4 substrate with a dielectric constant of 4.4 is taken.  

Basic H slot antenna and then three more designs are investigated 

by introduction different discontinuities in the radiating patch. Our 

main aim is to introduce inductive lumped parameter in order to 

achieve higher Gain and broader bandwidth. 

 

3.1 Basic H-slot Model 

 

The basic model of RPA, consist of a very thin metallic strip 

(patch) which is placed the size of patch is a fraction of a wave-

length (usually 0.003λ0 ≤ h ≤ 0.05λ0) [1,3], above a ground plane, 

with over all dimension of presented antenna has substrate thick-

ness of 1.6 mm and size of ground plane and substrate is 32 mm X 

26mm. the dimension patch length of 23 mm and width of 17 mm. 

an H shape slot is curved out from [15,16,18] the proposed patch 

which is shown in the Figure 7.   

   

 
Figure.7 Top view of basic H slot Patch antenna model. 

 

Geometrical parameters of the proposed antenna are optimized 

through simulations by means of the in ansys-HFSS software. The 

analysis is based on a frequency range of 2 to 20 GHz which co-

vers most of the communication in our day to day life. 

 

 

 

3.2 H-slot RPA with Step and Gap Discontinuities. 

 

In this design our basic design is design A as H slot along with 

additional radiating patch of dimension of 23 mm length and 2 

mm width which act as a high impedance parameter as discuss in 

section II. The proposed lumped parameter improves the Gain and 

bandwidth of the proposed antenna. The high [15,18] impedance 

patch also shift the radiating frequency in accordance with the 

following relationship [1,2,3]. 

 

𝑓𝑐 ≅  
1

2𝐿√𝜀0𝜇0𝜀𝑟
                                (30) 

 

Where 𝑓𝑐  is the center frequency and other symbol are having 

usual meaning.  

 

Introduced step discontinuities are introduced in another meander 

line impedance network are discussed in section II. The detail of 

the proposed antenna design is shown in figure 8. 

 

 
Figure.8 Top view of H slot Patch antenna with Step and Gap  

Discontinuities model. 

3.3 H -slot RPA with Reduced meander line impedance 

 

In this design the design parameters of radiating element is almost 

same as that of the design B the only difference is reduction in 

meander line impedance which change the gap discontinuities into 

open end discontinuities and its dimension is symmetrical with 

two rectangular radiator of dimension 3mm X 2 mm separated by 

only 3 mm impedance line as shown in the figure 9. 

 

 
Figure.9 H slot RPA with Reduced meander line impedance. 

 

3.4 H -slot RPA with gap symmetry meander line impedance 

 

In this design the Gap symmetry is maintained with high imped-

ance line of 23 mm × 2 mm meander line of 13.5 mm rest of the 

dimension is same as that of the design B. The proposed design is 

shown in figure 10.  
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Figure 10. H slot RPA with gap symmetry meander line impedance. 

 
The physical design of proposed antenna is shown in figure 11. 

 
Figure.11 Fabricated Prototype of all proposed Design. 

 

4. Results and Discussion 

 Four performance parameter of antenna (Return Loss, Radiation 

Pattern, Bandwidth and Gain Peek) for the proposed 4 design are 

proposed. For design (A) dual band is achieved which shows radi-

ation with center frequency 6.5 and 17.5 GHz. On the other hand 

for design B, C, D Triple band is achieved of radiation the overall 

results obtained by all four proposed design is shown in table -I. 

 
Table I: Result analysis of Patch antenna 

Design Radiating 

Frequency 
(GHz) 

BW (-

10dB) 
(MHz) 

Gain 

(dB) 

Return 

Loss 

VSWR 

A 6.5  940  -0.17 -32 1.054 

17.5 2770 6.5 -20 1.2 

B 6.2 810 -0.85 -29 1.074 

6.8 240 -1.22 -13 1.62 

17.2 2850 6.86 -19 1.24 

C 6.2 770 0.56 -30 1.067 

6.8 220 0.5 -13 1.6 

17.2 3010 6.56 -19 1.225 

D 6.2 800 -0.83 -25 1.1 

6.9 0200 0.75 -12 1.63 

17.2 2840 8.96 -19 1.24 

 

The figure 12, 13 and 14 represents the above parameter like re-

turn loss S11, -10 dB Bandwidth gain and radiation pattern respec-

tively for design A.  

 
 

Figure 12. S11 For Design A 

 

 
 

Figure 13. Gain For Design A 

 
Figure 14. Radiation Pattern For Design A phi = 0° and phi = 90° 
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The figure 15, 16 and 17 represents the above parameter like re-

turn loss S11, -10 dB Bandwidth gain and radiation pattern respec-

tively for design B. 

 
 Figure 15. S11 For Design B 

 

 
Figure 16. Gain For Design B 

 

 
Figure 17. Radiation Pattern for Design B phi = 0° and phi = 90°  

The figure 18, 19 and 20 represents the above parameter like re-

turn loss S11, -10 dB Bandwidth gain and radiation pattern respec-

tively for design C. 

 

 
 

Figure 18. S11 For Design C 

 

 
 

Figure 19. Gain For Design C 

 

 
 

Figure 20. Radiation Pattern For Design C phi = 0° and phi = 90°  
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The figure 21, 22 and 23 represents the above parameter like re-

turn loss S11, -10 dB Bandwidth gain and radiation pattern respec-

tively for design D. 

 
 

Figure 21. S11 For Design D 

 

 
 

Figure 22. Gain For Design D 
 

 
Figure 23. Radiation Pattern for Design D phi = 0° and phi = 90°  

 

 5. Conclusion  

A relationship between different discontinuities in the radiation 

patch has been established by the help of four designs all of them 

is modeled on a basic H slot RPA. On the basis of obtained results 

can validate the different analytical model which is presented in 

section II of this manuscript. After analyzing the results in table-I 

can conclude that the introduction of different discontinuities and 

high impedance patch structure increase the Gain with satisfactory 

bandwidth and return loss. In design D when the gap is maintained 

symmetry in discontinuities the highest gain of antenna is about 

8.96 dB with a triple band of radiation with maximum bandwidth 

of 2840 MHz The gain of antenna starts decreasing as the lumped 

inductance is reduced as in design C and it became 6.54 dB only. 

In design B the gain improves to 6.86 dB just by increasing the 

meander line impedance. Hence the gap symmetry Lumped pa-

rameter patch step discontinuities has a 27.45% of Gain improve-

ment with triple band radiation than that of conventional H slot 

RPA which has only double band of radiation. 

In future the research can be extended in field of reduction of mu-

tual coupling between patch antennas by suppressing the surface 

wave and create different analytical model for the same. 
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