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ABSTRACT  
This work analyzes the performance of different feeding 

techniques used in wireless communications applications for 

rectangular microstrip patch antennas, as in technologies such 

as Wimax, LTE and 5G application. Here are discussed various 

types of feeding arrangements. The performance of the 

microstrip patch antenna system depends on the antenna 

element and substrate characteristics as well as the feed 

configuration used. 
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1. INTRODUCTION 
The feedline is used to excite the antenna via direct or indirect 

radiation contact. Microstrip patch antennas can be supplied by 

a wide range of methods. These methods can be classified into 

two categories-contacting and non-contacting. In the contact 

method, the RF power is directly fed to the radiating patch 

using a connecting element, such as a microstrip line, coaxial 

probe and inset fed or notch fed while in the non-contacting fed, 

such as aperture coupling and proximity coupling, 

electromagnetic field coupling is done to transfer power 

between the microstrip. The selection of feeding technique for a 

microstrip patch antenna is an important decision because it 

directly affects the bandwidth, returns loss and performance of 

antenna efficiency [1]. If the thickness of the substrate is 

increased then surface waves and spurious feed radiation also 

increases, which directly hampers the bandwidth of the antenna 

[2]. The popularly used contacting feed methods are microstrip 

feed and co-axial feed. On the other hand, in non-contacting 

feed method, the patch of the antenna is indirectly fed with the 

RF power and the RF power is transported to the patch through 

an electromagnetic coupling. The most commonly used non-

contacting feeding techniques are aperture coupled feed and 

proximity coupled feed [3-5]. These popular feeding methods 

are discussed briefly as follows. 

2. MICROSTRIP FEED 
In this type of feeding method shown in Figure 1. A conducting 

strip is linked directly to the boundary of the microstrip patch. 

This feed arrangement has a key advantage that the feed and 

patch can be grafted on the same substrate, making it a flat 

structure [6-7]. 

 

Figure 1.  Microstrip fed patch antenna [7] 

a. Coaxial Feed  
The coaxial feed shown in Figure 2. Also called probe feed is 

broadly used technique for feeding microstrip patch antennas. 

In this technique, the inner conductor of the coaxial connector 

is drawn through the dielectric and soldered on the radiating 

patch, while the outer conductor is attached to the ground plane 

[ 8]. 

 

Figure 2. Coaxial fed patch antenna [8] 

b.  Aperture Coupled Feed  
In opening coupling feed and ground plane with aperture in 

Figure 3 [9]. Two different substrates are sandwiched to 

provide electromagnetic coupling from feed to the radiating 

patch structure. The radiating patch element is grafted to the top 

of the antenna substrate and the microstrip feed line is grafted 

onto the bottom of the feed substratum to achieve aperture 

coupling. The thickness and dielectric constants of these two 

substrates would be chosen separately to optimize the different 

electrical functions of radiation and circuitry. The coupling 

aperture is preferably placed in the center of the patch, which 
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results in less cross-polarization due to the symmetricity of the 

configuration [9].   

 

Figure 3. Aperture coupled fed patch [9] 

c. Proximity Coupled Feed  
Two dielectric substrates are used in this technique to place the 

feed line between the two substrates and the radiating patch is 

located on top of the upper substrate as shown in Figure 4 [10]. 

The main benefit of this feeding technique is that it eliminates 

spurious feed radiation and offers very high bandwidth. This 

scheme also provides an alternative between two different 

dielectric media, one for the patch and the other for the feed 

line. The main drawback of this feeding scheme is that it is 

complex to manufacture because both dielectric layers need to 

be properly aligned [10]. 

 

Figure 4. Proximity fed patch antenna [10] 

In addition to the various feeding techniques mentioned above, 

several other methods have been adopted in recent times to 

improvise the inherent issue of gain and bandwidth in high-

frequency microstrip antennas. A brief insight into such popular 

methods is outlined below; parasite patch; air gap; dual feed 

slots; a dielectric substrate; shortening pin and defective ground 

structures. These feeding methods are discussed briefly as 

follows: 

d. Parasitic Patch 
Parasitic patch technique is used to improve bandwidth and 

gain antennas for microstrip patch. There are two different 

configurations in the parasitic patch: one is coplanar and the 

other is stacked technique as shown in Figure 5 [11]. In 

coplanar technology, different patches are incorporated above 

the dielectric substrate on a single plane. An excitation is given 

between different patch radiators, which is called the main 

patch. In stacked technology, a patch is used over another patch 

with an intermediate dielectric layer. This allows two or more 

patches to divide the common opening area [12-14]. Parasitic 

patch with a lower dielectric constant are usually added above 

the radiating patch in the stacked antenna configuration. This 

minimizes the effectiveness of the multilayer antenna overall 

and increases the antenna gain [15]. Multi-layered microstrip 

antennas can maintain size and reduce surface wave effect [11]. 

 

Figure 5.  Stacked patch antenna with parasitic element 

[11] 

e. Air Gap  
The air as a dielectric has a lower permittivity, so it gives an 

effective radiation pattern and low return loss when used as a 

dielectric substrate between the reflecting and the radiating 

patch as in Figure 6 [16]. These results indicate that the 

maximum power input is converted to electromagnetic waves. 

It is observed that placing an air gap between the single patch 

antenna and the coupling aperture helps to resonate on two 

different frequencies. In addition, the ratio of two different 

resonating frequencies decreases with increasing the height of 

the air gap and they are closer to each other [16]. This shows 

that the air gap improves the bandwidth of the microstrip patch 

antenna. 

 

Figure 6.  Microstrip patch antenna with air gap [16] 

f. Patch antenna with Slits and Slots 
With the help of slot size of microstrip patch antenna is reduced 

as shown in Figure 7 [17]. This effect can be done by changing 

the path of current. When slots are cut into patch, current is 

changed. The patched antennas with slots and slits is to achieve 

patch size reduction [17]. Adding slots to the antenna patch 

adds a new frequency of resonance. By adding more slots, two 

or more resonance regions are created, resulting in increased 

bandwidth after proper optimization. [18-21]. 
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Figure 7. Slots with irregular shapes [17] 

g. Dual Feed  
The dual feed is another technique available to improve 

bandwidth, particularly at higher resonant frequencies [22]. 

Double antenna feeding configuration is used to enforce 

vertical current mode. It also prevents other modes, such as 

horizontal and asymmetric current modes, from being excited. 

These horizontal and asymmetrical current modes degrade the 

polarization properties and reduce the impedance and 

performance of the antenna. Figure 8 shows a dual-band 5G 

antenna which has sector-disk radiating patch is placed non 

concentrically inside a circular-shaped slot matched off the 

ground plane [represents a ground plane aperture (GPA)]. The 

center of the circular GPA is on the same vertical symmetric 

line of the substrate. The patch is excited using a 50-Ω 

proximity-feed microstrip line placed on the other side of the 

substrate. The feed line is tapered to use as transformer to 

improve the impedance matching. 

 

Figure 8. An example of dual-band 5G antenna, (a) 3D 

view and (b) Top and bottom views from [22] 

h. Dielectric Substrate  
 The selection of suitable substrates is an important task in the 

design of the microstrip patch antenna. Some critical 

parameters such as bandwidth, efficiency and radiation pattern 

of the patch antenna are improved by selecting the appropriate 

dielectric material for the substrate [23]. The substrates are 

mainly used for the mechanical strength of the antenna in the 

microstrip antenna. In addition, by selecting appropriate 

dielectric mediums, it can also reduce the spread of the surface 

wave. Surface waves extract part of the total power available 

for radiation, which degrades the electrical properties of the 

antenna [24- 26]. 

i. Shorting Pin  
Adding a short pin to the patch antenna reduces the resonating 

frequency of the antenna without reducing the size of the 

antenna [27]. To achieve a high impedance match, the location 

of the shorting pin must be selected closer to the antenna feed 

point as shown in Figure 9. If not, the impedance of input 

increases rapidly. The short pin may also act as the microstrip 

antenna feed line. The short pin is modeled as an inductive 

partial parallel to the LC circuit of the resonator. The resulting 

resonance frequency will be larger the inductive part. 

 

Figure 9.  Half-wavelength patch with shorting pin at the 

feed [27] 

That ultimately increases the degree of miniaturization for a 

fixed operating frequency. The shorting pin not only increases 

the performance of the bandwidth but also reduces cross-

polarization. The cross-polarized level in the H plane can be 

cancelled by using shortened anti-phase pins [28]. 

j. Defective Ground Structures 
Defected ground structures have recently been developed and 

are achieved by graving a simple defect of any shape on the 

ground plane. Due to these structures, the current in the ground 

plane is disturbed as shown in Figure 10. This ultimately leads 

to the excitation and spread of radio waves throughout the 

substrate layer. DGS configuration also helps to change the 

transmission capacity and inductance parameters of the viz line 

[29]. To achieve the desired performance, the ground defect can 

be changed from simple to complex. Default microstrip ground 

structures have many advantages in the field of transmission 

lines, couplers, dividers, power amplifiers and oscillators [30-

31]. Popular feeding techniques for giving the excitation signal 

to microstrip patch antennas are summarized in Table 1. 

 
Figure 10. Front and back view of defective ground plane 

[29] 
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Table 1. Comparing the Different Feed Techniques. 

S/

n

o 

Tech

nique

s 

Characteristic Refer

ence 

a Micro

strip 

Line 

More spurious fed radiation, Easy 

Impedance matching and fabrication, 

bandwidth achieved is 2-5% and it also 

more reliable. 

[6] 

b Coaxi

al 

Feed 

More spurious fed radiation, Easy 

Impedance matching, fabrication needed 

soldering  and drilling ,  bandwidth 

achieved is 2-5% and reliability is poor 

due to soldering. 

[8] 

c Apert

ure 

Coupl

e  

Feed 

Less spurious fed radiation, Easy 

Impedance matching, fabrication needed 

alignment ,bandwidth achieved is 2-5% 

and reliability is good. 

[9] 

d Proxi

mity 

Coupl

e  

Feed 

Minimum spurious fed radiation, Easy 

Impedance matching, fabrication needed 

alignment, bandwidth achieved is 13% and 

reliability is good. 

[10] 

e Parasi

tic 

Patch 

Used to improve the impedance matching 

of the antenna, thereby resulting in 

multiband and broadband performances. 

used in antennas to change the radiating 

field patterns,  and steer the beam. 

[11] 

f Air-

gap 

Helps to reduce the spread of surface wave 

effects on the antenna. 

[16] 

g Patch

es 

with 

Slits 

and 

Slots 

Helps  to change the resonant frequency 

bands,  increase the electrical length of the 

radiating patch. 

[17] 

h Dual 

Feed  

Are commonly used to change the 

antenna's reactive impedance. 

[22] 

i  

Perfe

ct 

Diele

ctric 

Subst

rate 

Helps to reduce the spread of surface wave 

effects on the antenna, it allows 

miniaturization of the antenna model 

[23] 

j Shorti

ng 

Pin 

Helps to reduce the size of the model, 

provide multiple paths to currents and 

allow the antenna to radiate at multiple 

frequencies and  add stability to the 

antenna model by allowing it to maintain 

its performance in adverse situation. 

[27] 

k Defec

tive 

Grou

nd 

Struct

ure 

Improve the gain and bandwidth of the 

antenna without increasing its height and 

volume. 

 

[29] 

 

3. CONCLUSION 
The intent of this paper has been to provide a summary of 

feeding techniques, in order to highlight the high degree of 

flexibility and versatility that microstrip patch antenna can 

off er. A comprehensive survey on various feeding techniques 

for the design of microstrip patch antenna has been done 

through this paper. From the inferences of the feeding 

techniques literature survey, it is observed that slits can be used 

for multiband performance, slots can be used for determining 

the frequency, a thick dielectric material such as that stacking 

method increases gain and impedance bandwidth. Increase in 

microstrip ground size increases antenna gain. All having low 

dielectric constant yields large bandwidth. The effect of 

integrating those modern techniques like a slit, slotted patch, 

usage of thick dielectric material, meander line, hexagonal, 

shaped patch, fractal structure, and stacking, provide a small 

profile, multiband, large gain and a compact antenna element 
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