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Abstract 

Microstrip patch antennas have become essential 

component in wireless communication systems 

due to their properties such as small size, 

lightweight, and available in both planar and non-

planar configurations. But their range is narrow. 

These antennas have a minimum size that is 

approximately half the wavelength. Recent 

advances in technology have created a need to 

reduce the size of patch antennas. Reducing the 

antenna size directly reduces bandwidth and 

efficiency. This article talks about different 

methods for reducing the size of microstrip patch 

antennas. These techniques involve using substrate 

with high permittivity, shorting the patch, creating 

slots in the patch, using metamaterials, and 

changing the ground plane. This study highlights 

the main features and drawbacks of each of these 

techniques, along with a review on impact of 

antenna performance.  

 

Keywords: Microstrip patch, miniaturized antenna, 

defective ground, metamaterials. 

 

1. INTRODUCTION 

Recently, there has been a demand for compact 

miniaturized antennas to be used in modern 

wireless communication systems, uses of mobile 

phones, drugs, computer, and GPS navigators and 

so forth that are connected with Wi-Fi get entry to 

factors to alternate and switch records or data. 

This widespread development and utilization of 

gadgets opened massive interest in small antenna 

and its miniaturization techniques. Printed 

antennas have become popular due to their ability 

to work wirelessly with low power and their 

simplicity in connecting with other electronic 

components. This makes them a great choice for 

small Wi-Fi devices because they can be easily 

integrated into the device. There are many types of 

antennas, but printed antennas are a preferred 

choice for these reasons. 

 

Even though micro-fabrication has result in an 

extensive reduction in the size of various 

components in communication devices changing 

the size of the antenna is still a difficult job. For 

MIMO applications, multiple antenna points are 

increasingly necessary in compliance with modern 

standards. This creates a difficulty for engineers 

because fitting multiple antenna points in a small 

area, which is typically set by the device maker, 

can be a challenging task. As a result, engineers 

must find alternative ways to design smaller 

antennas. 

 

Research into reducing the dimensions of an 

antenna while maintaining its performance has 

been an intriguing topic. Over the decades, several 

antenna miniaturization strategies have been 

proposed, from structural wireless and lumped 

issue loading, to using high 

permittivity/permeability substances [6-9], to the 

use of slit slot [10-14], to the more recent 

implementation of metamaterials. Various theories 

have suggested that reducing the dimensions of an 

antenna can result in a reduction in antenna 

bandwidth and gain. These theories also highlight 

the limitations of the Q-factor on antenna 

performance. 

 

This paper discusses the design of a miniaturized 

MPA and surveys various strategies proposed in 

the literature for achieving miniaturization. The 

aim is to provide a comprehensive overview of 

these strategies, highlighting their advantages and 

disadvantages, and help out students and experts 

interested in designing antennas designing and 

miniaturization in selecting the appropriate 

technique for their specific application. 



                                                                                                                                         ISSN: 2455-6203 

International Journal of Science Management & Engineering Research (IJSMER) 
Volume: 08 Issue: 01| March- 2023                    www.ejournal.rems.co.in 

 

IJSMER202305                                                                                                                                                                      1125 
 

 

The structure of the work is as follows: Section 2 

explains the fundamentals of MPA. Section 3 

provides an overview and analysis of various 

methods for MPA miniaturization found in 

literature. Section 4 summarizes the 

miniaturization techniques and their impact on 

antenna performance. Finally, Section 5 presents 

concluding remarks and general observations. 

 

2. ELEMENTARY CONCEPT OF 

MICROSTRIP PATCH ANTENNA 

Microstrip patch antennas can be made by putting 

conductive material on both surfaces of a 

dielectric substrate. The substrate will have two 

different functions, acting as the patch that emits 

radiation is located on one side, while on the other 

side it serves as the ground plane. The four 

primary elements of a microstrip patch antenna are 

the microstrip patch, the dielectric substrate, the 

ground plane, and the feed. Patch antenna 

can have a rectangular, circular or 

other shape. Rectangular and round pads are 

popular because of their simple design 

and convenient manufacturing. 

 

Microstrip patch antennas are cheap, durable, and 

have a small size and weight. They are compatible 

with integrated circuits and have the flexibility to 

adjust to different resonant frequencies, 

polarizations, and radiation patterns. Additionally, 

they are capable of matching impedance. Patch 

antenna used in aerospace, wireless 

communication areas like Wi-Fi applications, 

Bluetooth and mobile phones. They also 

contribute in other areas of technology like 

satellite communications, radars and biomedical 

applications. 

 
Fig. 1. Microstrip patch antenna 

Though having such great advantages, patch 

antenna lacks at some areas. They downside when 

talked about bandwidth and efficiency as they 

show narrow bandwidth with addition of low 

efficiency. Not only this, when designed for low 

frequencies, size of patch antenna is also large. 

They also have low power handling capacity. 

 

2.1 CHARACTERISTICS OF MSA 

The main disadvantage of the MSA is its restricted 

range of frequencies that it can operate over. 

Bandwidth can be described by variations in input 

impedance or VSWR with frequency. For 

circularly polarized antennas, bandwidth is 

defined using axial ratio. The impedance 

bandwidth or Voltage Standing Wave Ratio 

(VSWR) of an MSA represents the frequency 

range within which it can be suitably connected to 

the feed line while adhering to a specific 

restriction. The BW is given by  

      
      

      
     (1) 

 

In this equation, Q represents the quality factor 

while VSWR stands for Voltage Standing Wave 

Ratio. 

 

VSWR is expressed as 

      
     

     
       (2) 

Where   = input reflection coefficient 

  is expressed as 

   
       

       
             (3) 

Where Zin = input impedance 

Usually, the bandwidth is defined as a range of 

frequencies for which the VSWR value is below 2. 

An additional way of calculating BW of MSA is 

given as  

                (4) 

In this formula, "f" refers to the operating 

frequency measured in GHz, while "h" denotes the 

thickness of the substrate in centimeters. 

 

3. MINIATURIZATION 

Decreasing the dimensions of an antenna is a 

difficult job. According to many studies, reduction 

in the size of antenna leads to the reduction in the 

bandwidth as well as the gain, this was first 

analysed by Wheeler [1]. There is a commonly 

accepted notion that there is a theoretical lower 
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bound for the Q factor that an antenna can 

achieve, which is expressed as-    

   
 

  
  

 

     
      (5) 

Where k = wave number and a = constant 

 

The provided equation pertains to lossless antenna. 

According to the equation, decreasing the size of 

the antenna will lead to an increase in the Q factor, 

but it will cause a decline in performance. 

Therefore, reducing the Q factor may come at the 

cost of the antenna's efficiency and gain. 

 

There are two approaches to make a patch antenna 

smaller. 

1. The first approach involves modifying the 

characteristics of the substrate, which entails 

reducing its effective wavelength. 

2. Increase the electrical path for current 

flowing. 

 

3.1 MODIFICATION IN THE GROUND 

PLANE 

The size of MPA's can be decreased by altering 

their ground plane. This can be achieved by 

reducing the ground plane or incorporating 

specially designed slots that facilitate increased 

current flow inside the patch area. This technique 

lowers the antennas resonant frequency, resulting 

in a reduction in size. This approach is frequently 

employed because it enhances bandwidth while 

still keeping the antenna compact. Several designs 

that modify the ground plane to miniaturize the 

MPA have been published in the literature. 

 
Fig. 2. Different Types of DGS Shapes [21] 

In research paper [2], the typical antenna design 

was altered by incorporating a defected ground 

plane (DG). When the reference antenna was 

compared with antenna with DG, there was a 

drastic change in -10db bandwidth. The change 

was from 72 MHz to 304 MHz. This trend was 

also noticed in radiation efficiency. The value 

modified to 85.06% from 35.1%. Gain changed 

from 2.12 to 3.77. Furthermore, when the antenna 

is loaded with EBG structure, it enhances antenna 

directivity and gain value. 

 

From analysis of paper [3] which involves a small, 

planar, monopole microstrip patch antenna with a 

U-shaped patch and a partially cut diagonal 

ground plane. The researchers were able to 

miniaturize the original antenna by adjusting the 

length of the partial ground plane and creating a 

U-shaped configuration in the patch by making a 

cut. The paper presents dual band monopole 

antenna with low gain. Hereby the introduction of 

partial ground concept of multiband is also 

achieved. The antenna design suggested is 

functional with a maximum radiation efficiency of 

13% within the 2-2.1 GHz frequency range, and a 

maximum radiation efficiency of 75% within the 

4-4.7 GHz frequency range. The radiation patterns 

at both frequency ranges are steady. The antenna 

has been created for use in Space-to-Earth and 

Mobile Satellite Service (MSS) communication. 

Paper [4] suggests a small microstrip patch with a 

slot and a defected ground structure (DGS) 

radiator for wideband applications within the 5.5 

GHz to 7.25 GHz frequency range. The simulation 

results indicate a return loss of -31.3 dB at 5.5 

GHz and -11.44 dB at 7.25 GHz for the microstrip 

patch antenna without DGS. The results of 

simulating the microstrip patch antenna with a slot 

and one cell of DGS indicate a return loss of -

11.98 dB at 3.75 GHz, -17.31 dB at 7.05 GHz, and 

-12.39 dB at 8.15 GHz. By implementing this 

approach, the antenna's maximum size has been 

reduced by up to 59% compared to a conventional 

antenna without a significant decrease in 

performance. 

 

Paper [5] introduces a miniaturized planar antenna 

that operates in three frequency bands, 

accomplished by using methods such as 

countersinking and defected ground structures. 

The combination of slits and a defected ground 

results in a significant decrease in the resonant 

frequency of the conventional antenna, up to 

79.58%. Despite this reduction in frequency, the 

antenna's other performance parameters remain 

within an acceptable range for wireless 
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applications. The antenna has a minimum return 

loss of -32.65 dB and a maximum return loss of -

13.25 dB. 

 

3.2 USE OF HIGH PERMITTIVITY 

SUBSTRATE  

The easiest way to make an MPA smaller is by 

using a substrate having high relative permittivity 

(Ɛr). When Ɛr increases, the patch's length and 

width decrease by the square root, resulting in an 

inverse relationship. However, employing these 

methods of miniaturization leads to greater surface 

wave excitation levels within the substrate, which 

leads to decreased bandwidth and radiation 

efficiency. Clipping the ground plane not only 

reduces the purity of polarization However, this 

technique also modifies the radiation features of 

the MPA.  

 

The paper [6] discusses how the recent availability 

of low-loss, high-contrast ceramic materials 

creates opportunities for miniaturizing antennas. 

The paper delves into the use of low-temperature 

co-fired ceramic (LTCC) substrates to design 

compact patch antennas. Advances in ceramic 

technology have produced high-contrast substrates 

that are low lossy and ideal for miniaturization. 

The ceramic materials' high dielectric constant is 

crucial in reducing the patch's size. Exploring new 

miniaturization patch antenna designs are 

becoming possible due to increasing availability of 

these ceramic substances. When employing a 

high-permittivity substrate for miniaturization, 

limitations such as poor efficiency and narrow 

bandwidth were observed. These constraints were 

mitigated by examining various designs. The 

combination of a truncated, thick substrate and a 

broadband, bowtie patch antenna resulted in a 

miniaturization factor of over eight in the 1-3 GHz 

frequency range. To achieve this, the substrate 

have been textured. Despite the significant size 

reduction at these low frequencies, a bandwidth of 

over 9% was still achieved. 

 

On doing analysis of paper [7] Microstrip Patch 

Antenna Miniaturization Using Magnet Dielectric 

Ferrite Substrate, we came across this technique of 

miniaturization. This paper focuses on a 

rectangular patch antenna that consists of two 

conductive layers separated by a single, thin 

dielectric substrate. The antenna is analyzed at a 

resonant frequency of 2.04 GHz. This antenna is 

excited with coaxial feed. Talking about why 

ferrite is used, basically ferrites have high degree 

of compositional variability. Depending upon 

requirements, ferrite’s different properties 

combinations can be obtained. Since here coaxial 

probe feeding technique is used, it basically 

introduces capacitance between the feed and 

radiating patch. The capacitance introduced 

cancels the inductance and improves the 

impedance bandwidth of patch antenna. So on 

comparison with conventional antenna, designed 

antenna has better Omni-directional radiation 

pattern, better value of bandwidth i.e. value 

increased up to 9.41%(320MHz) and size 

reduction is of 21%. This antenna is also easy to 

design, cost effective and easy to implement and 

fabricate. 

 

In paper [8], the antenna undergoes 

miniaturization through the use of a low-profile 

mushroom-type meta-substrate. This technique 

involves embedding the mushroom-type meta-

substrate in a low-cost host substrate with low 

permittivity. The substrate used, basically separate 

the host into two sub layers thereby achieving 

effective high permittivity and desired size. The 

dimensions that were recorded are: The patch 

antenna has a size of 0.18λ0 by 0.18λ0, and the 

thickness of substrate is 0.029λ0. The measured 

operating bandwidth is 2.1%, and the antenna 

impedance is matching exceptionally well. The 

antenna gain is 5.7 dB, and 85% is the radiation 

efficiency. 

 

Likewise in paper [9], the antenna is made 

compact upto 47.2% using cylindrical rods 

dielectric. The changes are not limited to size 

alone. The reflection coefficient is also improved, 

resulting in an increase in impedance bandwidth 

and improved return loss. In the reference antenna, 

the rods are embedded in substrate and are 

arranged in periodic manner. The dimensions of 

rod taken were – radius=0.5mm, height=1.5mm 

and the spacing of 6mm was taken. Following this 

insertion, several values were altered: the 

resonance frequency shifted from 5.2 GHz to 3.88 

GHz, the bandwidth increased from 70 MHz to 

120 MHz, and the reflection coefficient improved 
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from -11.38 dB to -32.83 dB. While numerous 

factors improved, the gain of the antenna and 

radiation efficiency of the patch antenna decreased 

due to conductive loss. Similarly on increasing the 

radius of rods, reduction in resonant frequency is 

seen. 

 

3.3 INTRODUCING SLIT AND SLOT 

In [10], a CPW line-fed compact slot-loading slot 

antenna has been proposed. The slot antenna's 

resonant frequency decreases by 37.73% when 

slits are added to both sides of the slot. It is 

apparent that the load slots can only be located on 

the feed side without affecting the cross-

polarization performance, in contrast to microstrip 

feeding. This creates additional space on the 

ground plane above the slot for electronics, which 

reduces the antenna's size. Furthermore, when 

slots are only present on the feed side, the resonant 

frequency decreases by an additional 4.60% 

compared to having slots on both 

sides. Alternative topologies for miniaturized 

antennas are being investigated. In this case, 

metallization strips are used on the backside of the 

board in place of slots, leaving the ground plane 

area completely open. As a result, a notable 

reduction in slot resonance frequency is observed, 

and reflectors are employed to enhance forward 

radiation. 

 

In [11], the author created a tapered slot antenna 

that is appropriate for ultra-wideband 

communication by introducing a rectangular slot. 

This increased the bandwidth and decreased the 

antenna's size. The slotted rectangular tapered slot 

antenna had an 8.45 GHz bandwidth, which was a 

4.72 GHz improvement over the basic tapered slot 

antenna. Antenna gains were examined across the 

proposed bandwidth, indicating that the maximum 

gain characteristics occurred at 7.55 dBi in the 5 

GHz band. 

 

In [12], the introduction of a slot in the radiation 

patch enables compactness and multi-band 

resonance in the design. The slots modify the 

surface current distribution, leading to multi-band 

resonance and altering the resonance phenomenon 

of the antenna. The overall dimensions of the 

antenna are 0.14λ×0.14λ×0.18λ (with a lower 

resonant band at 1.2 GHz) and a bandwidth of 

2.44%. Further work includes exploring the use of 

defects to reduce the proposed design to even 

smaller dimensions. 

 

In [13], the dual band antenna was created using 

two antennas, antenna 1 and antenna 2. Antenna 1 

has eight slits to achieve its first resonating 

frequency, while antenna 2 is loaded with one 

center slit and a rectangular split ring to achieve its 

second resonating frequency. To further reduce its 

size, metallic strips were used to feed the antenna, 

and they were placed on the substrate's bottom. As 

a result, the first band's resonant frequency was 

reduced by 61.39%, and the −10 dB bandwidth 

improved by 32.07%. Additionally, the second 

band's resonant frequency was reduced by 

26.13%. 

 
Fig. 4 Microstrip line feed slits, rectangular split 

ring, centre slit and metallic strips loaded dual 

band slot antenna [10] 

 

In [14], a new type of small antenna has been 

created using a defected ground structure (DGS) 

and meander line structure on a thin FR4 Epoxy 

substrate. The design includes a star-shaped and 

rectangle DGS on the ground plane which affects 

the antenna's size and performance. Initially, a 

basic antenna-1 was designed to operate at 14.9 

GHz with a reflection coefficient of -34.56 dB. 

Using DGS and meander line structure, a second 

antenna-2 was designed to achieve a 51.27% and 

36.77% reduction in size. This new antenna 

operates at dual-band frequencies of 7.26 and 9.42 

GHz with reflection coefficients of -32.91 and -

22.84 dB, respectively, making it suitable for C 

and X-band applications. The mathematical 

equations of the 50 Ω feeder is given as 

    
    

        
 

 
               

  
 
       

     (6) 
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                 (7)  

 

3.4 META-MATERIALS LOADING 

Metamaterials (MTMs) are artificial substances 

designed to possess material traits that are not 

easily available through commercial means. 

Materials are designed to exhibit specific 

characteristics such as near-zero permittivity, 

negative permittivity or permeability, or both 

simultaneously. When a substance has solely 

negative permittivity, it is labeled as an epsilon-

negative (ENG) material, while if it possesses only 

negative permeability, it is called a μ-negative 

(MNG) material. If a material displays negative 

permittivity and negative permeability at the same 

time, it is termed a double negative (DNG) 

material. A number of structures have been 

created that exhibit metamaterials (MTM) 

characteristics within a particular frequency range 

through periodic arrangement. These structures 

have generated significant attention and have been 

extensively studied and improved. They have also 

been utilized in various devices for radio 

frequency (RF), microwave, and photonics 

applications, leading to the development of 

fascinating properties. Meta-materials not only 

reduce size but also improve other antenna 

parameters like enhancement of bandwidth, 

increasing gain, generating multiband frequencies 

and so on. 

 

On analyzing paper [15], Microstrip Antenna 

Miniaturization Using Meta material Structures 

which uses MSRR and WS metamaterials 

structure. In this paper, the designed antenna has 

efficiency equal to 92% and bandwidth equal to 

0.5% at resonant frequency of 2.03GHz. The 

directivity was calculated 2.7dBi. The dimensions 

of the antenna were decreased by 50% compared 

to a standard antenna. 

 

In paper [16], metamaterial along with defective 

ground technique is used. The introduction of a 

DGS structure on the metamaterial resulted in the 

reflection of electromagnetic waves in phase by 

the radiating element, leading to a decrease in 

backward radiations. This technique of 

metamaterial miniaturized the antenna up to 

82.77% and also improved return loss by 38.23%. 

In paper [17], we have seen that the main 

advantage of metamaterial is reduction in size. 

Author worked on resonant frequency of 3.5GHz. 

On analysis, it was seen that size reduced up to 

58.2% whereas improvement in return loss was 

about 10%. This paper also reveals that the 

amount of backward reflection is also less when 

metamaterial is used. 

  
Fig. 5 Metamaterial antenna a) Top view b) 

Bottom view [1] 

In [18], the article describes a compact patch 

antenna that provides triple band operation with 

considerable gain. This type of antenna utilizes a 

metamaterial unit cell that incorporates a resonator 

composed of two circular slot rings, also known as 

a double circular slot ring resonator 

(MDCsRR).According to the experimental 

findings, the antenna's gain is 3.28 dBi when 

operated at the first middle frequency of 3.2 GHz, 

2.76 dBi at the second middle frequency of 5.4 

GHz, and 3.1 dBi at the third middle frequency of 

5.8 GHz. Moreover, the size of the antenna has 

been reduced significantly, up to 68.83%, 

compared to a typical antenna. 

 

3.5 SHORTING 

By implementation of shorted microstrip patch can 

produce an antenna that has the same resonant 

frequency as a standard microstrip antenna but is 

only half the size. To create a shorted microstrip 

antenna, the ground plane of a regular microstrip 

antenna that is excited in the dominant mode is 

shorted. This can also be done by wrapping a strip 

of copper around the end of the antenna or by 

shorting the poles. Compared to wrapping the rim 

with copper tape, creating a short post is a simpler 

manufacturing process. 

 

In [19], a miniaturized microstrip patch antenna 

obtained by incorporating shorting posts. These 

posts number as well as relative positions can 

change the resonant frequency. In this paper, a 
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single shorting post was inserted in conventional 

antenna and the diameter was reduced to less than 

0.1 λ0. In [20], we came to know about mechanism 

of shorting by placing a shorting pin near the feed 

probe. In order to achieve impedance matching for 

a patch antenna, it is necessary to position the pins 

very near to the probe.  

This can make it challenging to fabricate the pin 

and probe with enough physical separation 

between them. 

This mechanism of shorting pins demonstrates that 

miniaturized patch antennas may have a low 

efficiency due to their high Q value. 

In [22], author focuses on converting a monopole 

antenna into multiband antenna and also seeks the 

effect of shorting pins in changing the size of 

conventional antenna. The antenna design consists 

of two meander lines and a shorting pin located 

between the ground plane and radiating patch, 

resulting in a compact Hexa-band antenna. This 

design is appropriate for Wi-MAX, LTE-A, 

aeronautical radio navigation, sub 6GHz band for 

5G, and wireless LAN applications. Compared to 

previous designs, this antenna is low cost, 

scalable, and highly compact, while also offering a 

greater number of operating bands. 

 
 

Fig. 6 Antenna geometry (a) Full view; (b) Top view; (c) Side view [20] 

 

4. REMARK AND 

SUMMARY ON MINIATURIZATION 

TECHNIQUE 

The subsequent table demonstrates the 

characteristics of different miniaturization 

methods, as well as their corresponding benefits 

and drawbacks. The Information shows that each 

method ultimately results in a reduction in size for 

patch antennas. It is observed when high 

permittivity substrate material is used, size is 

reduced but they are costly and reduces 

bandwidth. The shorting pin technique is a cost 

effective method to miniaturize antenna but makes 

antenna geometry complex and also decreases 

gain and directivity. Whereas, when slot loaded 

technique is used bandwidth is increased but it 

affects the radiation characteristics and also makes 

the geometry complex. However, when DGS 

technique is used, up to eight times 

miniaturization is achieved with improved 

bandwidth keeping the geometry planar and 

simple but with no availability of standard design 

procedure. Use of Meta-materials not only reduce 

size but also improve other antenna parameters 

like enhancement of bandwidth, increasing gain, 

generating multiband frequencies. Therefore, the 

balance between the size, gain, and bandwidth 

must be handled thoughtfully according to the 

specific application. Some techniques can be 

clubbed together which shows significant 

miniaturization. Inspired by these research results, 

the work proposed an antenna with modified slit–

slot technique and DGS technique to achieve multi 

band and compactness. With adoption of these 

technique the resulting antenna is appropriate for 

use in Wi-Max and WLAN-enabled IoT 

applications.  
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Table 1 Summary of miniaturization technique

5. CONCLUSION 

In this paper, overviews of the various novel 

techniques which can be employed to decrease the 

dimensions of MPA are presented. These include 

the use of high permittivity substrates; shorting 

patch antenna; introducing slots; defected ground 

structure; and meta-materials. It has been found 

that the various techniques described above can 

also be clubbed and used in a single design to 

achieve better results. Furthermore, in 

implementing these methods it was found that 

some of them are very simple to apply, while 

others are more intricate methods for 

miniaturization but each method introduces 

changes in various properties of the patch antenna, 

so there will perpetually exist a compromise 

regarding which technique to employ for 

miniaturized antenna, contingent upon the 

application in which it is needed. Additionally, we 

emphasized the significance of comprehending 

how distinct parameters impact the antenna's 

performance for a particular miniaturization 

technology. Therefore suitable miniaturization 

technique mentioned in this work which complies 

best with the requirement of desired antenna can 

be used. 
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Miniaturization 

technique 

Features Advantages Disadvantages 

Defective 

Ground 

Slots or defects 

integrated on the 

ground plane 

Enhancement of gain 

and bandwidth 

Effects on radiation pattern, reduces 

front to back ratio  

Substrate Higher    

 

Higher size 

reduction and 

mechanical strength 

Expensive, limited Bandwidth and 

dielectric losses occur 

Slit and slot Slits and slots in 

patch 

Wider Bandwidth  Weak polarization, complicated 

arrangement 

Metamaterial Use of ENG, MNG , 

use of MTM inspired 

techniques 

Higher 

miniaturization, 

increased gain and 

enhanced bandwidth 

 lower efficiency and limited range of  

wavelength 

 Shorting Shorting pins, posts, 
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