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Abstract: In recent years, the most sought after topic in antenna 

theory and design is the planar monopole antenna and are 

progressively finding large application in modern microwave 

system. This  paper start with the theoretical explanation of the 

planar monopole antenna and then focus on the most significant 

evolution in the planar monopole antenna technology that have 

been made in the last few year. Emphasis is made on the antenna 

parameter enhancement technique. 

    Index Terms: Bandwidth, Microstrip Feed Line, Planar 

Monopole  Antenna, Ultra Wideband. 

I. INTRODUCTION 

  Monopole antenna and its family is one of the most 

popular antennas which is used in the mobile communication 

systems. Quarter wave monopole is the simplest member of 

the monopole antenna family. The impedance bandwidth 

(BW) of the quarter wave monopole antenna is increases with 

the increase in radius of the cylindrical stub. This is correct at 

a point, where the stepped radius becomes abrupt from the 

feed probe to the cylindrical element. An easy technique, is to 

replace the cylindrical stub by a planar element, which forms 

a planar monopole. In 1968, Meinke and Gundlach first 

described the planar monopole and in 1976, Dubost and 

Zisler described it in details. Circular and elliptical disk 

monopoles discovered by Agrawall in 1998. By exchanging 

the wire element of a conventional monopole with a planar 

element, a planar monopole antenna is formed. Surface areas 

of the monopoles increases by replacing the wire element 

with planar element, with various shapes, which has an direct 

impact on impedance bandwidth. Planar monopole antennas 

are widely used in mobile communications. 

   Planar monopole antenna have been analyzed in a large 

range such as  circular, elliptical, square, rectangular, 

hexagonal and pentagonal, which provide the wide 

impedance bandwidth. Now if a rectangular patch without the 

substrate is fed by a coaxial feed with a perpendicular ground 

plane, it will result into effective dielectric constant of one 

and a substantial increase in height “h”. Both these factors 

will yield a large BW.  

     A monopole antenna consists of straight rod-shaped 

conductor mounted perpendicularly on ground plane. Since 
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the monopole antenna radiates half the space of dipole 

antenna, its gain will have 3 db greater than the gain of the 

similar dipole antenna. 

 Apart from that, monopole antenna have various advantages 

like less interference, low cost, high data rate, secure, low 

cost, multi-path propagation immunity, easy hardware 

configuration [1].Now a days, the planar structure monopole 

antennas are widely used for ultra wideband communication 

because of their useful features, such as low profile, less 

weight, easily fabrication, integration with other MMIC 

devices, very large bandwidth and Omni-directional radiation 

characteristics. 

   The origin of the planar ultra wide band antenna is 

“spark-gap” transmitters that pioneered radio technology. 

The paper which discovered the concept of the narrowband 

frequency domain radio also give some idea of the first ultra 

wide band antenna.  In 1898, Oliver lodge inaugurated 

spherical dipoles, square plate dipoles, triangular or bow tie 

dipoles, biconical dipoles and also give the ideas of 

monopole antenna using the earth as a ground [2]. In 1939, 

Carter rediscovered the conical monopole antenna for 

wideband applications [3]. Carter biconical antenna and 

conical monopole antenna is shown in figure 1.Carter 

improved the lodge design by the use of tapered feed 

[4].Some of the application of ultra wide band antenna is 

given in table 1. 

In the following section theoretical explanation on planar 

monopole antenna are briefly reviewed; because of limited 

space, more details must be left to the references.  Section I11 

discusses the techniques used to enhance the antenna 

parameters like bandwidth, gain, power factor, efficiency and 

also discuss the pulse preserving capabilities of ultra wide 

band antenna. Section IV closes with a conclusions. 

 

 
(a)                                   (b) 

Fig1. (a) Carter’s biconical antenna, (b) Carter’s 

monopole  antenna [2]. 
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Table 1. Major Application areas of UWB 

Areas Application 

Communication 

Wireless Audio, Data& Video 

Distribution, RF Tagging & 

Identification 

Radar 

Ground and Ice penetrating 

Radar, wall Imaging Radar 

System, Through wall Radar 

system, vehicular radar systems 

Precision Geo location 
Asset Tracking, Personnel 

Localization 

Military application 

Tactical Handheld & Network 

LPI/D Radios, Non-Los LPI/D 

Ground wave communication, 

Tags, Intrusion detection radar, 

precision Geolocation systems, 

UAV/UGV Data links. 

Commercial 

High speed WLAN, 

Altimeter/obstacles Avoidance 

Radars, Collision Avoidance 

sensors 

II. THEORETICAL EXPLANATION ON PLANAR 

MONOPOLE ANTENNA 

The straight forward method to enhance the bandwidth of 

monopole antenna is to use a thick, low dielectric constant 

substrate, but  this surely persuade to undesirable spurious 

feed radiation, surface wave generation, or feed inductance. 

The efficiency of the MSA decreases and cross-polar levels 

increases when the substrate thickness increases. Also when 

substrate thickness increases, probe height increases. When 

probe length increases, probe inductance increases and hence 

the input impedance will become too inductive to obtain 

impedance matching. This configuration has been shown in 

fig 2(a). 

   By feeding the patch with a shorter probe of length p, 

inductive input impedance effect can be reduced which is 

shown in fig 2(b). In this case, an extra perpendicular ground 

plane is needed because patch is fed along the periphery. The 

effect of bottom ground plane reduces by increasing the 

dielectric height and hence ground plane can be removed. 

Planar monopole antenna has been shown in figure 2(c) [4-7]. 

Large impedance bandwidth can be achieved by the planar 

disc monopole antennas which can be described in the 

following two ways: 

 
Fig 2. (a) MSA suspended in air. (b) Modified MSA with 

side feed. (c) Planar monopole antenna[4]. 

1. Cylindrical monopole antenna with large effective 

diameter can be equated to the planar monopole 

antenna. Bandwidth increases by increasing the 

diameter of a thin vertical wire which is mounted 

over the ground plane [8]. 

2. Planar monopole antenna becomes equivalent to the 

microstrip antenna, when the substrate of the 

microstrip antenna is very large. Various higher 

order modes will get excited, for these radiating 

patches and since all the modes will have larger 

bandwidth therefore smaller impedance variation 

can be achieved.  A very large impedance 

bandwidth can be achieved when the shape and size 

of  planar antenna can be optimized to bring all the 

modes within VSWR = 2 circle in the Smith chart 

and hence broadband planar monopole antenna can 

be achieved. 

 Hence planar rectangular disc monopole antenna can be 

equated to the rectangular microstrip antennas in which the 

horizontal ground plane is located at infinity. 

III. FEEDING TECHNIQUES AND ANTENNA 

PARAMETERS ENHANCEMENT TECHNIQUES 

A. Feeding Techniques 

Co-planar (CPW) fed and microstrip line fed are the two 

types of feeding method which is commonly employed for 

monopole antenna. In CPW fed, ground plane is on the same 

side of radiating elements. In microstrip line fed, ground 

plane is on the backside of the radiating elements [9] .Due to 

this quality, the CPW fed antenna gained wide acceptance as 

compared to the microstrip fed line and also CPW fed is easy 

to integrate with the monolithic microwave integrated 

circuit[10].For small mobile appliances, a  CPW feed makes 

antennas more applicable, due to its some useful 

characteristics like on-plane geometry, simple manufacturing 

and circuit combination. For wideband wireless application, 

the most effective and promising antenna is CPW fed slot 

antenna. Narrow bandwidth and gain, these are the some 

drawback of CPW fed antenna.  

    The advantage of CPW fed slot antenna is its wide band 

characteristics. Hence CPW fed slot antenna is most effective 

and promising antenna for wideband wireless application. 

However, they also have some drawbacks, like narrow 

bandwidth and low gain.  

   Another type of the feed which is used in the planar 

monopole antenna is the offset microstrip line feed  as shown 

in fig(3). On the top and bottom edges of the rectangular 

patch, by cutting two symmetric and parallel vertical slots, 

The Psi- shaped patch  was obtained. By cutting two slots 

along the bottom corners of the radiating patch, the feeding 

structure has been modified. Induced current reduces due to 

the  increase in  the distance of the ground plane from the 

radiating patch .The effect of the patch parameter like 

dimensions of the slots which forms modified feeding 

structure, dimensions of vertical slots and distance between 

them, and the air gap between modified feeding structure and 

the backed ground plane has been optimized.  
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Effects of these antenna parameters on the modified 

Psi-shaped patch resonant modes is explained by the 

resonance curve plots and surface current distributions. 

Ultra-wide bandwidth was achieved by the use of offset 

microstrip line feed[11]. 

 

Fig 3. Geometry of (a) printed rectangular monopole 

antenna; (b) pair of slots cut printed rectangular 

monopole antenna; and (c) Psi-shaped monopole 

antenna.[11] 

B. Bandwidth  

The straightforward  method to enhance the bandwidth of  

monopole antenna is to use a thick, low dielectric constant 

substrate[12],but  this surely persuade to undesirable 

spurious feed radiation, surface wave generation, or feed 

inductance.  

Different parasitic structure and arrangements are used to   

improve the bandwidth[13-15].Round cut are attached to the 

lower and upper corners of the patch and also a triangular cut 

on the ground plane are added in order to enhance the 

impedance bandwidth and matching [16]. The gap between 

the patch and the ground plane has been  intensified by 

cutting the steps at the bottom of the patch, which tunes the 

capacitive coupling between patch and ground plane. 

Inductive part of the antenna is tuned by cutting the steps in 

the upper corners of the patch and because of that the 

capacitive coupling between the ground plane and patch 

neutralizes to get the pure resistive input impedance. 

Inductive nature of the patch neutralizes the capacitive 

effects to obtain pure resistive input impedance. 

   Some other technique to intensify the impedance 

bandwidth are exponential tapering[17-19] , klopfenstein 

tapering[20] and triangular tapering[20-23]. Apart from that, 

techniques like adding shorting posts , beveling technique 

[24], rounding the lower edge , double-feed technique and  

use of trident-shaped feeding strip  are used  to enhance the 

bandwidth performance and reduce the antenna height. 

   In beveling technique, square plane near the ground plane is 

trimmed providing either an asymmetrical or symmetrical 

pentagonal monopole [24]as shown in figure 4. By varying 

the trim angle of the cut, a good control on the impedance 

bandwidth can be achieved. For the simple square element 

2.4:1 impedance bandwidth ratio is achieved where as by the 

use of beveling technique 6.6:1 impedance bandwidth is 

achieved. 

 

 
(a)                                              (b) 

Fig 4 .(a) Square planar monopole with  asymmetrical 

beveling (b) Square planar monopole with symmetrical 

beveling[24] 

Measured values of upper and lower edge frequencies of a 

planar monopole (25mm x 25mm) with various bevel angles 

α, on one and both sides of the feed probe are tabulated in the 

Table2. This showed good control of the upper edge 

frequency. The lower edge frequency remained fairly 

constant at around 2.10-2.35 GHz, but the upper edge 

frequency could be varied from 4.95-12.5 GHz, depending on 

the value of the bevel angle. 

   Shorting post is another technique to enhance the 

bandwidth of the planar monopole element as shown in fig 5 

.At one of the corner of the planar element, shorting strip is 

attached. The diameter of the shorting strip is 1mm and width 

of the strip is 2 mm. Due to the asymmetries in the 

geometrical shape, distortions in the radiation pattern 

occurred. 

   An impedance BW of 800 MHz to 11 GHz can be achieved 

by combining the shorting post and bevel. The shorting strip 

is located at one corner of the planar element, and is generally 

about 1mm diameter or a strip of width 2mm. Also the feed 

gap as already discussed needs to be optimized to get 

optimum BW [24], since it greatly affects the impedance 

characteristics. 

Table 2. Measured impedance BW for a square element 

with both asymmetrical and symmetrical bevels of 

various angles show an increase in upper edge frequency 

with an increase in bevel angle[24]. 

Trim 

angle@  

(degrees) 

2:1 VWSR BW 

(GHz) 

Asymmetrically 

Trimmed 

2:1 VSWR BW 

(GHz) 

Symmetrically 

Trimmed 

No 

trimming 
2.35-4.95 2.35-4.95 

10 2.20-5.30 2.12-5.95 

20 2.19-5.75 2.11-6.75 

30 2.17-5.97 2.10-7.25 

40 2.17-6.00 2.10-12.50 

 

 

 

 

 

http://www.ijeat.org/


 

Single Layered Planar Monopole Antenna for High Frequency Applications 

265 

Published By: 
Blue Eyes Intelligence Engineering  

and Sciences Publication (BEIESP)  

© Copyright: All rights reserved. 

Retrieval Number E5077066517/17©BEIESP 
Journal Website: www.ijeat.org 

 

Fig 5.  Square planar monopole with shorting pin 

 Also in general larger the feed gap lower will be the 

frequency corresponding to the lower edge of the passband. 

C. Quality Factor 

In order to achieve direct matching with a 50 ohm microstrip 

line feed  a 1 Ohm chip resistor was introduced near the edge 

of a circular patch reported  in [25].However, the chip resistor 

loading technique is employed to improve the quality factor 

or to enhance the bandwidth.  Quality factor  represents  the 

antenna losses and also   reflects its performance. Quality 

factor is inversely proportional to the  antenna fractional 

bandwidth given below 

                          (1) 

 

where Qt is the total quality factor, Df/fo is the fractional 

bandwidth. With a constant VSWR. By introducing losses to 

the antenna a compromise between the fractional bandwidth 

and quality factor is done reported in [26]. 

   Different values (1, 1.5, 3.5,5.6 Ω) of  chip resistors 

represents  the losses. Two chip resistors of values 0.3  and 1 

Ω was introduced and compared in [27].  By the use of 1 Ω 

resistor ,fractional bandwidth is increased by 6.8% and  2.6%  

for the 0.3 Ω. Instead of shorting pin between the antenna and 

the ground, different resistor values were introduced. These  

resistors are in the range of 1 to 10 Ω and the analysis for 3 Ω 

resistor are reported in[28].Reduction of about 42% in 

fractional bandwidth was observed. There is a inversely 

proportional relationship between the fractional bandwidth 

and quality factor therefore when bandwidth decreases, 

quality factor increases.  

D. Gain  

Various  techniques  such as Parasitic element technique , 

folding the ground plane technique, suspended ground and 

metamaterial superstrates technique, inserting slits technique 

and metal patch reflection technique are employed to 

improve the gain of the antenna[29].  Yagi-Uda antenna is 

used in the parasitic element technique. To increase the 

antenna gain and bandwidth L-shaped arm is used. One 

another technique to enhance the gain of the antenna is the 

fractal antenna concept. 

Fractal antennas concept  was discovered by Nathan  in 

1995.The two important properties of the fractal antennas are 

space-filling and self similarity which are used to achieve 

wideband and multiband characteristics and also widely used 

in wireless applications [30].Long electrical length are 

produced due to the space filling and multiband are produced 

due to self-similarity[31-32]. 

   Radiation property and bandwidth were increased by the 

discontinuities present in the shape of fractal 

antenna[33].Sierpinski carpet fractal antenna [34], Koch- 

curves and Sierpinski gasket [35] are the different shapes of 

fractal antenna which have been designed so far. 

    By the  addition of fractal elements to the nine corners of 

the nonagon patch, gain of the antenna was 

improved[36].The gain of the antenna was improved from  

1.24dB to 7.96dB by the addition of fractal elements. 

    Both the gain and bandwidth was improved by the use of 

fractal antenna[37] as shown in fig [6]. 

 
Fig. 6. The geometry of the fractal antenna  (a) Radiating 

patch; (b) Ground plane[37] 

E. Efficiency 

The range of dielectric constant of  the substrates employed 

for microstrip antennas  are  2.2 < εr < 12. The bandwidth 

and efficiency of the antenna will be larger if the permittivity 

of the substrate decreases , due to the fringing field becomes 

wider and better radiation obtained. By decreasing the 

permittivity, input impedance decreases and the size of the 

antenna increases .Antenna efficiency will be  decreases if 

the thickness of substrate increases due to surface waves are 

produced within the substrate as a result of this  undesired 

radiation occur and introduces spurious coupling between 

antenna elements. 

   In open microstrip structure, when the surface wave 

reaches the outer boundaries are reflected and diffracted by 

the edges. Additional contribution to radiation is provided by 

these diffracted waves therefore antenna pattern degrade due 

to increase in the side lobe and cross polarization levels. Thus 

thickness is an important parameter and it should be chosen 

such that surface waves are minimized. 

   Better efficiency, larger bandwidth and better radiation are 

obtained by choosing a thick substrate with low dielectric 

constant. On the other hand, a thin substrate with higher 

dielectric constant provides a compact antenna, with less 

efficiency and narrower bandwidth. Thus a compromise has 

to be made between the smaller antenna size and good 

performance of antenna parameters. Generally substrate 

thickness is chosen such that h > 0.06λg where λg is the 

guided wavelength [38].  

   Another technique to enhance the efficiency of the antenna 

is fractal antenna. Some of the useful features of fractal 

antennas are good efficiencies, good gains, structure 

easiness, and robustness, small size in comparison with 

antennas of regular designs, Wideband and multiband 

frequency response.  
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The attachment of discrete components does not yield these 

features but it is due to its structure. 

   With the use of fractal antennas we can obtain resonant 

frequencies that are multiband and not show harmonics, as 

stated by Cohen [39]. Koch fractal geometry was introduced 

by Helge Von Koch in 1904. Koch fractal geometry is 

designed by the use of iterative function system (IFS) which 

is explained by affine transformation [40,41].In order to 

obtain two iteration versions a simple folded slot Koch 

iteration antenna was designed[42].  

By a multi-objective genetic algorithm (GA) and numerical 

electromagnetic code (NEC),the antenna parameter like 

bandwidth, efficiency and electrical size have been analyzed 

for the development of Koch antennas [43]. 

F. Polarization   

Circularly polarized  antennas is much superior as compared 

to linearly polarized antennas due to high degree of mobility, 

easy orientation between transmitter and receiver, 

anti-interference in bad weather, reduction in multipath 

reflection[44] and also  remove other kind of interference. 

For WLAN/Wi-Fi applications , Circularly polarized 

antennas are more popular than linearly polarized  antennas. 

An unequal width ground plane is utilized by a  planar 

monopole antenna is  to excite circular polarization[49]. In 

[50], For obtaining the  circular polarization performance, a 

vertical stub and a horizontal slit are used. 

   Linear polarization is generated by the use of single feed 

point. Single feed point is also used to generate the circular 

polarization [45],[46]  but they have usually narrow- band. 

Two feed points are used to generate the circular polarization 

in which two orthogonal modes on the patch are excited with 

a  phase shift between their excitations as shown in Fig 7 

(a). Sequentially phase the excitations of an array of patches 

that radiate orthogonal sets of linear (or circular) 

polarizations [47],[48] is the another technique that works 

well for small sub arrays as shown in Fig 7 (b). 

Fig. 7. Techniques for obtaining circular polarization. 

 (a) Using two feed points for exciting two orthogonal modes 

on the patch with a 90 degree phase difference. 

 (b) Using a sub array of orthogonally polarized elements 

with sequential phase rotations (the phasing’s at the four 

patches are  )[47],[48] 

In previous studies [51]-[54], for the WLAN and WiMAX 

applications dual-band and multiband planar circularly 

polarized antennas were reported. In [51], by adding  

orthogonally located slots on the circular patch, a dual-band 

CP radiation was presented. For triple-band applications, by 

inserting three L-shaped slit arms on a hexagonal slot, a 

compact slot antenna [52] was realized. To generate 

dual-band CP, in [53] the F-shaped radiator and inverted-L 

strip-sleeve were used. A quad-band CP antenna [54] was 

proposed for 3.5GHz WiMAX and 2.4/5.2/5.8GHz WLAN 

applications, by placing a U-shaped radiator above a 

frequency selective surface. However, narrow 3-dB AR  

bandwidth was achieved  by the above antennas 

   To obtain a good impedance match and CP performance in 

the upper band, a “C”-shaped strip is mainly used in the upper 

band and the “L”-shaped strip is mainly used in the lower 

band,  For producing resonance in the upper band, The “C”- 

shaped  strip having  length approximately a 

quarter-wavelength at its operating frequency which lies on 

the left of the radiator is employed[55] as shown in figure 8 . 

For producing resonance in the lower band, The “L”-shaped 

strip having length approximately a quarter-wavelength 

which lies on the right of the radiator is used. 

   For creating circular polarization operation, T- shaped and 

one L-shaped strip is used.  Square monopole (SM) provides 

smaller BW than the circular monopole (CM), its radiation 

pattern suffers less degradation within the impedance BW 

 
Fig. 8. Configuration of the proposed antenna. (a) Front 

view. (b) Back view [51] 

To achieve the Circular polarization the magnitudes of the 

two components of current or electrical field must be the 

same and the phase difference between them should odd 

multiples of . 

 

Jx =J y                                                                             (2)                                                                                                                                                                    

=                                           (3)                                                                                                                        

 

For n=0, 1, 2, ..., (+) 

 

When the resultant vector  rotates in the clockwise direction it 

shows (-) sign while the propagation is in the +z direction due 

to which left hand circular polarization (LHCP) is achieved. 

Also when the resultant vector rotates in the 

counter-clockwise it shows (+) sign while the propagation is 

in the +Z direction. This gives right hand circular polarization 

(RHCP)[56].The value of AR changes between 1 to infinity 

which depends on the magnitude values of the two current 

components. AR is equal to 1, when the magnitudes of the 

two components are the same. 
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Fig. 9(a) shows the falcate-shaped printed monopole antenna 

which produces the circular polarization. A curved structure 

can be considered as the base radiating patch which is used to 

achieve the CP. This should produce two perpendicular 

current components on the patch with the same magnitudes. 

By adding a slot to the falcate-shaped patch antenna, CP 

characteristics 

Has been improved which is shown in Fig 9 (b)[57]. 

 

Fig. 9. Broadband circularly polarized monopole antenna 

(a) Simple falcate shaped patch 

 (b) Slot loaded falcate-shaped patch.[57] 

G. Pulse Preserving Capabilities Of  UWB 

One major problem in the ultra wide band antenna is that it is 

greatly affected by the dispersion. Some sources of the 

waveform dispersion are RF circuitry, frequency-dependent 

variations of antenna characteristics and 

reflection/transmission coefficients for multipath 

components. 

 Fidelity factor and the pulse width stretch ratio are the two 

parameter which are used to measure the pulse preserving 

capabilities of UWB antenna and are analyzed with respect to 

antenna gain and the group delay of the radiated 

field[58].Shape of the radiated impulse will be preserve if we 

obtain the constant gain and constant group delay. Larger 

deterioration of the performance parameters from their ideal 

values produce when larger variations from constant profiles 

occurred. 

 Both simulation and measurement of a system fidelity factor 

can be done in a easy manner. 

   For obtaining the impulse response system, transfer 

function   or transmission parameter S21 is required and it also 

plays an important role both in the simulation and 

measurement result. System transfer function is equal to the 

product of the HTX, HRX, HCH .Representation of it in 

frequency domain is given below 

 

H(w)=HTXHRXHCH                                                             (4)                                                                                                                                                                                                                                                                                                                         

 

From the simulation, S21 can be directly obtained but with the 

several problems like limited distance between the antennas, 

greater  computing cost, large amount of time needed for 

getting the result since for each desired angle ,one simulation 

is required[58]. Two identical antennas placed at any distance 

and at any angle of rotation, the transmission coefficient 

between them is easily calculated by the simulation of a 

single antenna. 

The transfer function is defined as the ratio of the voltage 

received at the Rx-antenna terminals to the voltage at the 

input of the Tx-antenna[59] . This ratio can be obtained from 

the Friis’ Transmission equation 

 

       (5)                                                                                         

                                                                        

Where, epol =polarization efficiency of the system 

            ᴦ = mismatch at each antenna terminal, 

            G = the total antenna gain 

            λ =wavelength 

            r= distance between antennas 

From the simulation of a  single antenna G and ᴦ can be easily 

calculated and from that H(w) of two identical antennas can 

be obtained. 

Now equation (5) can be simplified as  

 

=1 since antennas located in the same plane therefore no 

polarization losses occur.  Since 

transmitting and receiving antenna are identical. We know 

that .Antenna impedance are identical 

therefore . Now the amplitude of the transfer 

function can be given by 

 

 =(1- )                                                       (6)                                                                                         

 

The phase of H(w) can be calculated by calculating  the phase 

of the channel and the phase distortion inside the antennas 

separately. universal function  e-jkr give the phase change in 

the channel. ɸTX  and ɸRX  are the phase distortion produced at 

the transmitting and receiving antenna. Phase of the transfer 

function is given below. 

                                          (7)                                                                                                                 

 

 For obtaining the accuracy in the time domain signal, Gain, 

Return Loss and radiated E-field phase are simulated over a 

band larger than the desired band . The antenna gain and 

E-field phase should be calculated at each angle of the 

desired plane. the channel transfer function is given by the 

following equation 

 

                                                               (8)                                                                                               

 

The transfer function of two identical antennas are related 

through the reciprocity theorem 

                                  (9)                                                                                           

Substitute (8) and (9) in (4) and (7) 

                                           (10)                                                                                                             
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                                         (11)                                                                                         

 

And solving for  and  using (6) 

 

 

 

                                              (12)                                                                                       

                                      (13)                                                                                                               

 

For any point in the space, the transfer function of the two 

antennas (Tx and Rx) can be calculated from the above 

equations. 

  The fidelity factor shows that how much similarity between 

the radiated  E-field waveform of a transmitting antenna and 

the driving voltage. This is obtained by cross correlation of 

the radiated E-field and the input signal. Due to the difficulty 

to measure or simulate the radiated E-field, hence it is not 

always easy to calculate it in real applications. 

  To compare the received Rs and transmitted signal Ts , 

System Fidelity Factor uses the standard S21  parameter. It 

also give the information about how much antenna system 

affects the input pulse.  The distortion induced by the two 

antennas Can be taken into account by system fidelity factor 

whereas the transmit antenna effect can be taken into account 

by the fidelity factor. 

 Normalized Received and transmitted signal equation is 

given below .To compare the shapes of the pulses and not 

their magnitude, normalization is done. 

 

                                                  (14)      

                                                                                                                         

  

=                                                      (15)       

                                                                                                                                     

The cross-correlation between both transmitted and received  

signals is done in order to obtain the system fidelity factor. 

When both pulses overlap than the maximum value of this 

correlation is obtained. 

 

SFF= (t)                                       (16)                                                                                                                 

 

If the received pulse is identical to the input pulse, the system 

fidelity factor is equal to 1 and hence signal degradation not 

occurred. If the system fidelity factor is equal to 0 then the 

received signal is completely different then the transmitted 

signal[60]. 

IV. CONCLUSIONS  

This paper has focused on two major characteristics of the 

modern developments in planar monopole antenna 

technology, antenna parameter enhancement technique and  

advances in the analytical modeling of planar monopole 

antennas. A fraction of the large volume of work on planar 

monopole antennas performed by researchers throughout the 

world has been given in the comprehensive list of references. 

One of the most novel topics in antenna technology are the 

Planar monopole antennas these days, and this trend will be 

continued because the features of monopole antennas make 

them very fascinating from a systems perspective. Besides   

electrical characteristics of the planar monopole antenna, it 

also shows mechanical and fabricational features such as low 

profile, less weight, easily fabrication, integration with other 

MMIC devices and omni-directional radiation characteristics 

Research and development in recent years that has gone 

toward improving the electrical characteristics of the planar 

monopole antenna, such as novel feeding techniques, antenna 

parameter enhancement technique and pulse preserving 

capabilities of ultra wide band antenna has been one of the 

main topics in this review. 
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