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Abstract— A novel multi-band clover leaf shaped fractal antenna with integrated filtering to reduce higher 

order harmonics has been proposed. Existing microstrip filtering antennas endure limited gain, narrow 

impedance bandwidth, and undesired frequency radiations. The proposed antenna is designated to operate 

simultaneously in following operating bands: 3.35–3.6 GHz for WiMAX, 5.156–5.825 GHz for WLAN, 5.7–
6.4 GHz for Intelligent Transport Systems-ITS, and 7.7–8.5 GHz for ITU-R applications. The proposed patch 

is realized by combining two semi fractal ring microstrip patches like the geometry of a three-leaf clover with 

dual layered Stepped Impedance Resonator(SIR) integrated at bottom layer of the second substrate. The SIR 

band pass filter exhibits odd and even modes suppresses higher order harmonics and undesired radiations. An 

aperture coupled feeding in the proposed patch offers better bandwidth and impedance matching. The number 

of iterations is increased to get the desired multiband characteristics. The proposed microstrip fractal antenna 

has the geometrical dimensions of 50 × 50 × 2 mm3. It is observed that, both the simulated and measured 

results offers peak gain of  > 5dBi and better return loss (S11) i.e., 3.3–3.6 GHz band offers S11 of -33.73dB, 

(5.15-5.825) GHz band offers S11 of -36.69dB , (5.795-6.4) GHz band shows the S11 of  -36.25 dB and for 

(7.725-8.5) GHz, the return loss is -33.209 dB. Harmonics at 6.42GHz (1.8f0), 7.37GHz (1.5f0) and 

9.04GHz(1.73f0) has been suppressed and shows linear polarization in the WLAN band and circular 

polarization in the ITU-R and WiMAX bands.  

 

Index Terms—clover leaf, FR4 substrate, harmonics suppression, aperture-coupled, semi-fractal ring, stepped 

impedance resonator. 

 

I. INTRODUCTION 

With the advent of wireless communication technologies, the network capacity of the channel is growing, and 

the speed of transmission is increasing, this makes the operating system more flexible, which makes the bands 

of operation keep growing. From the development of the Global system of mobile communication to the fourth 

generation (4G) wireless communication system and from WiMAX to WLAN network standards, it is 

important to have antennas that are both small and multiband. The fractal concept is a new technique for the 

designing patch antenna similar to the use of self-similar possessions of the fractal geometry for realizing the  

multiband characteristics, by the use of space-filling assets so as to decrease the antenna dimensions[1]. The 

radiating characteristics of the micrrostip patch antenna are altered on a regular basis by employing self-similar 

shapes, space-filling performance and increasing the utilization rate of space. As a result, the antenna's 

effective electrical geometrical dimensions is increased, the antenna's surface current path is maximized and 

bandwidth gets increased. Variety of fractal structure styles are available, each of which provides multiple 

design options for new antenna geometries that will shine in future application scenarios. Various methods for 

designing fractal antennas are shown in references [2–3], including a combination of Sierpinski Carpet and 

Giusepe Peano[4], octagon iterations[5], bandpass frequency selective surface array structure [6], and slotted 

quasi-fractal [7]. Another important parameter in efficient radiation is better impedance bandwidth, which can 

be achieved by varying substrate thickness, feeding techniques and multiple resonators [8]. Improvement in 

bandwidth or antenna dimensions results in signal degradation due to mutual impedance properties. As a result, 

a dielectric material with high thickness, less effective dielectric constant and varying feeding method is 

mailto:skcommn@gmail.com


preferred as it ensembles broader bandwidth with better gain and directivity. After analyzing various power 

feeding techniques, aperture coupling improves parameters such as directivity, gain, efficiency, bandwidth and 

return loss with VSWR<2[9]. Therefore, aperture coupling feeding technique is the best way to improve the 

radiation mechanism. Aperture coupling is a multi-layer coupled feeding technique separating radiating patch 

from the feed. A slot(aperture) is positioned in the ground plane that is shared by the two dielectric substrate 

layers, allowing energy coupled between the layers. The microstrip antenna serves as both a radiator and a 

filter in the active RF circuits. However, if the patch is not properly designed to suppress undesired spurious 

emission and harmonic resonances, such microstrip antenna can results in harmful electromagnetic radiation, 

affecting overall performance of the communication systems. An extra filter is inserted between the amplifier 

and the microstrip patch antenna to overcome this issue[10, 11].The introduction of a conventional filter, on 

the other hand, will affect the antenna's fundamental operating frequency and impedance matching property, 

potentially degrading system performance significantly. Furthermore, the filter geometry is bulk and resistant 

to integration and miniaturization. To address the issue, alternative methods such as the use of Photonic Band 

Gap(PBG) structures [12], stubs for tuning [13], Defective Ground Structure(DGS) [14], and hybrid new 

structures [15] has been implemented. Horii and Tsutsumi employ 2-D PBG structures to suppress harmonic 

formation in a patch antenna, and suppressing third harmonics has been employed[16]. Furthermore, third 

harmonic suppression was achieved by properly positioning the tuning stub at the feed line [17–18]. DGS has 

gained popularity in recent years as another effective method of suppressing harmonic radiation in microstrip 

patch antennas [19, 20]. However, it remains challenging to achieve suppressing higher-order harmonics in a 

microstrip patch antenna using a single construction. In order to improve the suppression property, hybrid 

structures were developed, and suppressing upto fourth harmonics was accomplished[21,22]. [23] used a pair 

of a circular head open stub and circular headed dumbbell shaped DGSs to produce a low-pass filter that 

suppressed up to the fourth harmonic. [24] used a pair of half ring DGSs rather than a pair of circular headed 

dumbbell shaped DGSs, resulting in a 40% decrease in DGS area. Recently, it was proposed to suppress fifth 

harmonics using a pair of an inverted L-shaped stub and I-shaped DGSs and [25]. DGS, on the other hand, 

consumes considerable space. Additionally, the physical occupancy area of DGS is a critical factor to consider 

when building antennas, particularly in microwave integrated RF circuits. A smaller DGS occupancy area 

leaves more room for other devices to be integrated. 

Methods/experimental:  

The proposed antenna is designated to operate simultaneously in following operating bands: 3.35–3.6 GHz for 

WiMAX, 5.156–5.825 GHz for WLAN, 5.7–6.4 GHz for Intelligent Transport Systems-ITS, and 7.7–8.5 GHz 

for ITU-R applications. The proposed patch is realized by combining two semi fractal ring microstrip patches 

like the geometry of a three-leaf clover with dual layered Stepped Impedance Resonator(SIR) integrated at 

bottom layer of the second substrate. The SIR band pass filter exhibits odd and even modes suppresses higher 

order harmonics and undesired radiations. An aperture coupled feeding in the proposed patch offers better 

bandwidth and impedance matching. The number of iterations is increased to get the desired multiband 

characteristics. The proposed stacked clover leaf shaped fractal antenna integrated with stepped impedance 

filter possesses various outstanding features: (1) occupation area of fractal patch antenna decreasing 

considerably by 42% compared with the traditional one. (2) Harmonic suppression ranging from 2f0 to 4f0. (3) 

Better bandwidth covering all intended applications within the band along with improving radiation 

characteristics. 

Literature Review 

Numerous integrated harmonic suppression techniques are used to reduce the RF front end’s complexity 

and occupancy volume. To create mismatching at the desired bands, short pins or aperture slots are 

introduced into the radiating patch [26]. In [27], Defected Ground structures (DGS) mitigates the impacts 

of harmonics. Harmonics are often suppressed further by positioning a band pass notch resonating filter 

nearer to the feeding[28]. However, the bulk of the techniques presented so far have addressed second-

order harmonics, with higher-order harmonics receiving little attention. The narrow bandwidth in-band is 

another limitation of those works. Thanks to the space constraints, achieving multi-octave harmonic 



suppression is usually difficult. In addition, combining the antenna and the filter can increase not only 

harmonic suppression but also boosts the frequency performance such as 10dB-bandwidth and frequency 

resonance. The antenna setup's bulkiness, on the other hand, increases the occupancy. In antenna arrays, 

many bandpass filtering design strategies have been employed and described in the literature. Feeding 

network like stub-loaded resonator (SLR) feeding network [29-30], microstrip and slotline transitions 

based feeding network [31], feedline and patchline coupling filtering feeding network [32], symmetrical 

Stepped Impedance Resonator(SIR) based feeding network [33], Radiating element of Jerusalem cross 

with a ring shaped aperture slot coupling feeding network [34], and a baluns connecting two power 

divider connected [35] feeding network are just a few examples. These filtering elements' passbands, on the 

other hand, are slender, with a passband bandwidth of 87.76% [31]. Furthermore, the resonating filter 

arrangement in [30] needs multi-layered structures to build numerous ports[33] and [34]. Hence, the 

complexity and size and of the filters, consequently increases the structural dimensions of the microstrip patch 

antenna. The use of SIRs in the construction of microstrip bandpass filters [36] with better stopband 

characteristics has been discovered to be beneficial. One of the most important characteristics of a Stepped 

Impedance Resonator is that its pass band frequencies may be modified by altering the parameters like high-

low impedance ratio. This change causes, the first undesired harmonic can be significantly more than 2f0. For 

illustration, using an inductive effect, the design in [37] entirely suppresses the 2f0 resonance, and at the 

frequencies close to 3f0, the initial parasitic response is detected. A combination of several SIR structures can 

be employed to obtain a filter with a broad stopband [38]. Nonconventional SIRs [39] can be utilised to build 

efficient bandpass filters with spurious response control stop band over a wide range of frequencies. Generally, 

low-pass filters are incorporated with passband topologies in [40]. Harmonic resonances in distributed 

bandpass filtering network can be reduced by altering low-pass filtering network cutoff frequencies. Fractal 

patterns in nature intrigue and encourage scholars to examine them. Iteration Factor (IF) and Iteration Order 

(IO) are critical design parameters for framing fractal geometries (IF). A fractal geometry's iteration order is 

the number of iterations necessary to produce the specific fractal geometry, whereas the iteration factor is the 

scaling factor used in the specific iterations[41]. A significant growing field in antenna research is the creation 

of diverse structures of fractal antennas [42]. Wireless communication developments necessitate flexible 

antennas with tiny sizes and wideband or multiband capabilities to keep up with the times. A multilayer 

approach is offered in order to overcome various design limits, such as the realisable characteristic impedance 

values of the system. 

A clover leaf shaped patch with a stepped impedance etched over the microstrip line make up the filtering 

network, which is modest. Although numerous microwave components with slotline approach have been  

recently examined [44], there has never been a report of a aperture(slotline) based filtering network for filtering 

antennas. In this scenario, the proposed fractal antenna has a wider harmonic-suppressed band and a higher 

bandwidth as compared to the works in [45]. The challenges of bulky dimensions, harmonics, bandwidth 

tradeoff with substrate thickness, and radiation characteristics are all overcome by a newly designed stacked 

clover leaf shaped fractal patch aperture coupled SIR filter antenna. 

 

CONTRIBUTIONS 

Generally, fractal geometry is accountable for radiating multiple band of frequencies comprising of lower order 

and higher order harmonics (2f0,3f0,4f0….). This undesired harmonics reduces gain, return loss and other 

radiation characteristics of desired resonating frequencies. Thereby, stacking band pass filter network with the 

proposed fractal antenna will suppress the undesired harmonics and improves the peak gain, return loss and 

efficiency. Moreover, aperture coupled feeding is preferred over other feeding network because micro strip line 

and coaxial feed limits bandwidth by the order of 4-8% for every -10dB return loss.  

This article proposes a unique compact aperture coupled four band stacked clover leaf fractal antenna with 

circular polarisation (CP). An arrangement of three-leaf clover fractal patch rings is employed to offer 

multiband capabilities. The proposed antenna covers a wide range of following operational frequencies: 3.35–
3.6 GHz for WiMAX, 5.156–5.825 GHz for WLAN, 5.7–6.4 GHz for Intelligent Transport Systems-ITS, and 

7.7–8.5 GHz for ITU-R. The WiMAX resonance band is related with the outer quasi clover shaped ring of 

fractal length. Quasi clover-shaped rings govern the resonance band for WLANs, while microstrip lines and 

clover leaves are used to create the ITU-R band. In the WiMAX and International Telecommunication Union 

Radiocommunication Sector(ITU-R) bands, the proposed antenna features circular polarisation (CP) 

characteristics, with CP bandwidths of 14% and 13%, respectively. Validation of the proposed approach is 

accomplished through simulations, and measurement reults. The uniqueness of the proposed structure is as 

follows, the proposed antenna achieves better reduction in occupancy size by 41% and offers better bandwidth 



tradeoff with the substrate thickness by employing aperture coupling technique. The novel structure also offers 

better harmonics suppression, achieves peak gain of over 5dBi high percentage bandwidth, return loss of 

greater than -30dB and offers better impedance matching having the VSWR of <2.  

 

ORGANIZATION 

 

The residual segment of this approach is systematized as shown: section II is the depiction of a range of 

traditional methods associated with fractal antenna. Section III is the projected technique (clover leaf shaped 

fractal antenna design) portrayal, which is then followed by the performance analysis in section IV. At last, the 

overall conclusion is narrated in section V. 

 

II. ANTENNA GEOMETRY AND EVOLUTION 

This section is the deliberation of the proposed module in which the proposed mechanism is explained in a 

detailed manner. The stacked structure of the proposed antenna module is depicted in Fig.1 

 

 

 
Fig.1 Layered structure of the proposed antenna 



(a) 

 
(b) 

 
(c) 

Fig 2. Antenna Geometry (a) Layered View (b) Layer 1 and 2 (c) Layer 3 (d) Layer 4 and 5 

 

The proposed antenna's geometry and physical parameters are shown in Figure 2. A pair of Quasi-fractal rings 

similar to a three-leaf clover makes up the patch. To design a Stepped Impedance Resonator, a rectangular 



structure with a dielectric constant =4.4, tan ð=0.024, and a thickness of the substrate=2 mm is etched on the 

printed circuit board (PCB)’s same side. The ground plane is etched to deploy aperture coupled feed with a 

width Wslot= 1 mm and a length Lslot= 10.4mm on a 50x50 mm2 substrate. The Euclidean distance between 

the outer and inner semi fractal patches, as well as the microstrip line that connects the two quasi fractal rings, 

are critical to the antenna's multiband functioning. 

 

Evolution of the antenna  

 

Microstrip patch antennas are designed using regular geometries such as rectangles, squares, octagons, 

triangles, and circles. Aside from that, designing an antenna with a symmetrical geometry is preferred. The 

geometry of the proposed clover-leaf structure is as follows. Initially, the pattern is assumed to be a circle of 

radius (r = 15.875 mm). The different phases (iterations) of the proposed nature inspired fractal a structure is 

shown in Fig.3. 

 
Fig 3. Evolution of proposed antenna 

 

The minor (b) and major (a) axes of the pattern are scaled by 33% and 66%, and the resulting 

elliptical structures are cloned twice, resulting in a phase difference of 1800 degrees and the development of a 

unique clover leaf. 

a= r × 66%                                                (1) 

b= r × 33%                                                (2) 

The clover leaf has been scaled by 80%, resulting in inner compounded clover leaves. The microstrip line 

connects the two inner clover leaf phases separated by 1800. The major (c) and minor (d) axes of an inner 

clover leaf are calculated as 

a1=
r4x 80%                                                (3) 

b1=
r4 x10%                                              (4) 

In the elliptical patch antenna, the fields of radiation cause two modes that were upright to one another that 

have equal amplitude, however out of phase at 90▫. The feed position is located alongside the 45▫ line among 

the major and minor axis of the elliptical patch. 

The four systematic steps considered in the design of the proposed antenna are shown below: 

Step-1 (Ant.1): Constructing a rectangle patch to act as the trunk for connecting the inner clover ring patch , 

that dictates the WLAN and ITS bands' formation. 

Step-2 (Ant.2): Add an inner ring patch in the form of a clover which facilitates the WiMAX band's formation. 

Step-3 (Ant.3): At the ITU-R band, scaling the outer ring patch in the form of a clover covers the resonance 

mode. 

Step-4(Ant 4): cloning the outer clover leaf by 1800 to improve the response characteristics 

Step-5(Proposed Antenna): cloning inner and outer clover leaf ellipse by 1800 to get better resonance for four 

bands of WLAN, WiMAX, ITS and ITU-R bands simultaneously. 

  



Fractal Length and Patch Radiating Area Calculation 

As a result of the proposed fractal antenna implementation, the entire fractal radiating length gets expanded, 

and it now exceeds the traditional length of the proposed Microstrip patch in the form of a clover leaf. The 

customary length (CL) of the suggested geometry is as follows: 

CL= 2× (LP2 +WP2)              (5) 

Two-leaf clover has the following fractal length: 

Fl1=8 x π x √𝑎 +2 𝑏22                             (6) 

Fl2=8 x π x √𝑐 +2 𝑑22                             (7) 

The following formula is used to calculate the effective fractal length: 

FL=∑ 𝐹𝑙𝑛2𝑛=1                                 (8) 

The following formula is used to calculate the enhanced fractal length (EL): 

EL=(FL−CLCL )x 100%                        (9) 

The conventional area CAof the proposed clover shaped antenna is 

CA= LP×WP                                                    (10) 

The fractal and conventional lengths of the proposed antenna are 162.3 and 92mm, respectively. The length of 

the effective fractal increases by 74.56% as a result. The fractal antenna’s  area is calculated as follows: 

FA=π x [(8 x m1 x m2)+(7 x m3 x m4)-r1
2] 

 

The proposed geometry's radiating area (AR) is calculated as follows: 

AR=(1 − CA−𝐹𝐴CA )x 100%               (11) 

The suggested antenna's computed effective fractal area is 347.32 mm2. As a result, the suggested antenna's 

radiating area is approximately 96.22%. As a result, the proposed patch antenna's increased fractal length and 

maximum radiating area aid in obtaining better parametric results. 

 

 



 
Fig 4. Reflection coefficient of antenna evolution (Step 1 to proposed design) 

 

 

In this division, the proposed antenna efficiency analysis was likely with the use of the HFSS simulation 

software. Fig. 4displays a comparison of multiple iterations (iteration 1 & 2) of suggested clover leaf shaped 

fractal antennas with varied Insertion loss(S11) responses. The resonance frequency is obviously sensitive to the 

fractal customary area CA parameter, and even a small deviancy from the ideal value can induce a band 

divergence. The operating frequency band that includes WLAN (5.15–5.825 GHz) and is illustrated graphically 

in Fig.4 corresponds to a rectangular patch antenna resonating at 5.42 GHz with an S11 of -31.547dB. A single 

clover-shaped antenna resonates the dual frequency range of (3-4.2) GHz and (5.3-6.4 GHz) during the first 

fractal iteration, equivalent to (3.3-3.6 GHz) for WiMAX band and (5.15-5.825 GHz) for WLAN applications. 

The ITU-R band (7.725-8.25 GHz) produces the third resonance mode by cloning the top double cover leaf 

with a phase difference of 1800.The cloning procedure has no effect on the other resonances (ITU-R) generated 

in phases 1 and 2. Creating a single clover leaf over a rectangular patch repeats the initial iteration, as does 

cloning the single leaf to create a double clover leaf, the S11 responses of which have also been compared. The 

clover shaped ring is added during the second iteration, resulting in a fourth resonance mode with S11 of -

24.66dB at the ITS band (5.795-6.4 GHz). The findings show that the frequency band of the inner resonance 

mode is unaffected by the outside signal path. The resonant band for WiMAX, WLAN, ITS band, and ITU-R 

band applications after the second iteration covers 2.3-3.3 GHz, 4.5-5.8 GHz, 5.8-6.8GHz, and 7.3-8.4 GHz.. 

Step Impedance Resonator (SIR) for Harmonics Supression: 

A structural design of a proposed filtering antenna and a stepped impedance resonator network is shown in Fig. 

5 and facilitate to suppress harmonic signals at wireless system end module. A Band Pass Filter(BPF) is used 

to achieve the proposed antenna's bandpass response and impedance. The bandwidth is also increased as a 

result of the additional reflection pole. The result of the high integration has been examined, and the results 

have been verified using numerical computations and full-wave simulations. The overall structure's dimensions 

were drastically lowered throughout this design. The antenna's filtering architecture includes half-wavelength 

parallel linked resonators, a patch element, and a micro strip line feed. Both the filter and the patch antenna 

share the centre inserted ground plane.. 

The suggested stub-loaded graduated impedance resonator construction is made up of three short-circuited 

stubs. Due to the resonator's symmetrical structure, it may be investigated using the concept of even modes and 



odd modes. The proposed resonator's symmetrical structure with short-circuit stub and open-circuited stub at 

the end shunts halfway through the resonator is kept in the equivalent network of even and odd mode. As a 

result, we may revisit the circuits' odd- and even-mode analogues to even and odd mode theory. Each 

resonance is defined by a voltage distribution on the resonator which is either symmetric (even-mode) or 

asymmetric (odd-mode). The first higher order resonance occurs in an even mode, the basic resonance in an 

odd mode, and so on. The following are the requirements for determining a SIR's resonance frequencies: 

tan θ1 = K cot θ2 (odd mode)                  (12) 

tan θ2 = -K cot θ2 (even mode)                (13) 

where K is the impedance transformation ratio of the Stepped Impedance Resonator(SIR) defined as  

K=
Z2Z1,                                        (14) 

When K=1, θ1+ θ2=п/2 at f0.  

 

Gap or tapped coupling can be used to connect the feed lines to the end resonators of a bandpass filter. When 

the latter is employed, a resonator's single loaded Q(Qsi) is calculated. The Band pass filter specification, 

which describes the bandpass response, should decide the value of Qsi. The value of Qsi for a tapped resonator 

is [5]. 

                                       Qsi=RL
𝜔02 𝑑𝐵𝑑𝜔 |𝜔0                                               (15) 

Where, RL is the resistive load of the resonators perceived by the feed line at the tap point, 𝜔0 is the operating 

frequency, and B is the total susceptance of the resonator as seen by the tap point’s feed line. As a result, for 

the tapped SIR, Qsi can be calculated as follows. 

 

When 0 <ɸ < θ2 QsiRL = 12Z2 {ɸ sec2(ɸ) + sec2(θ2 − ɸ) . (θ2−ɸ)[R2+g2(θ2)]+Rh(θ2)[g(θ2)−R tan(θ2−ɸ)]2 }                    (16) 

where 𝑔(𝜃2) =  𝑅 − 𝑡𝑎𝑛(𝜃2) 𝑡𝑎𝑛(2𝜃1)𝑡𝑎𝑛(𝜃2) + 𝑅 𝑡𝑎𝑛(2𝜃1) 

and h(θ2) =  sec2(2θ1){(2θ1)[tan2(θ2)+R2] +R(θ2) sec2(θ2)}[tan(θ2)+ R tan(2θ1)]2            (17) 

 

When θ2 < ɸ < θ1 + θ2 𝑄𝑠𝑖𝑅𝐿 = 12𝑍1 [𝑔2(𝑝)ℎ(𝑝) + 𝑔2(𝑞)ℎ(𝑞)]               (18) 

 

Where 

 𝑝 = 2𝜃1 +  𝜃2 −  ɸ 𝑞 = ɸ −  𝜃2 g(ζ) =  sec (ζ)R−tan(θ2)tan (ζ)          (19) 

 

when the value of 1 is equal to the value of 2. If the tap point on the I/O SIRs can be flexibly slid, the 

transmission frequency zero may exist. The value of the SIRs, on the other hand, cannot be modified because it 

is defined by the filter specification. 

Formulae and equivalent circuit of Filter Design 

The following formulae and assumptions were used to create the given band pass filter. The filter was 

constructed with a -30 dB insertion loss, which aided in identifying the filter's order. Calculations were made 

using the following equations to determine L and C:  

 𝐿 = 0.002𝑙 [ln ( 2𝑙𝑤+𝑡′) + 0.5 +0.2235 ( 2𝑙𝑤+𝑡′)]     (20) 

 

C=
𝐴𝜀0𝜀𝑟𝑑                                                (21) 



Where, l, w and t are length, width of the substrate and thickness of the substrate, calculated from transmission 

line model of microstrip patch antenna 

The band pass filter designed is a Butterworth filter for which the corresponding ‘g’ has been used to determine 

L, C components of the filter and finally determine the impedance values of each element. Using the below 

formula, 'N' can be determined. 

 

Insertion Loss, IL=10log10 (1+Ω2N)                                     (22) 

Series inductor (L=g*Z) can be further simplified by, �̅� = 𝐿𝜔𝑈−𝜔𝐿   ,                                                                      (23) 

C̅=
𝜔𝑈−𝜔𝐿𝜔02𝐿                                                                               (24) 

Parallel capacitor(C=g/Z) can be estimated by,  C̅ = 𝐶𝜔𝑈−𝜔𝐿       , L̅=
𝜔𝑈−𝜔𝐿𝜔02𝐶                                                     (25) 

Bandwidth factor of the designed filter can be defined by using the following formula 

bf= tan(
𝜋2 (1 − 𝑠𝑏𝑤2 ))                                                           (26) 

s𝑏𝑤=
𝜔𝑈−𝜔𝐿𝜔01 ,                                                                          (27) 

where, 

𝜔0 = 𝜔𝑈 + 𝜔𝐿2  

Where, 

ωU=designed filter's upper cut off frequency  
ωL=designed filter's lower cut off frequency   

 

Impedance (series inductor),  

Z= bf * g                                                                               (28) 

 

Admittance (parallel capacitor), 

Y=bf * g                                                                               (29) 

 Ω, 𝜔0= Cut off frequency 

 N = Number of elements in the filter 

bf = Bandwidth factor 

The characteristic impedance lines of the stepped impedance resonator are Z1 and Z2. Yin is a distinct position's 

input admittance. The input admittance (Yin) of SIR is derived by means of the following equation: 

Yin = 
(Z1 – Z2tanθ1tanθ2)[jZ1(Z1tanθ1 + Z2tanθ2)]                                                        (30) 



 
Figure 5 Equivalent circuit of proposed clover leaf shaped fractal antenna with SIR 

 

Full-wave simulation was used to test the aforementioned theoretical conclusions, and the simulation results of 

a stepped impedance third-order 0.1-dB -Chebyshev filter response are shown in Fig. 6. f1=3.3GHz, 

f2=5.25GHz, f3=5.9GHz, and f4=7.9GHz are the filter's centre frequencies, respectively. The simulation S21 

response of a SIR filter demonstrates individually controlled 3-dB relative bandwidth of 12%, 13.7%, 6.35%, 

and 7.8% for the centre frequencies of f1, f2, f3, and f4, respectively. In the stop band, a minimum attenuation 

level of -30 dB is attained for all of the centre frequencies shown in the insertion loss response. The SIR filter's 

response leads to the conclusion that it should be employed for the double clover shaped fractal antenna to 

eliminate spurious harmonics of 2f0, 3f0, 4f0, and so on. 

 



Fig. 6 Effect of Stepped Impedance filter parameters and its insertion loss response for the frequencies f1, f2, f3, 

f4 

 

III.  RESULTS AND DISCUSSION 

Harmonics Suppression: 

The superior harmonic suppression afforded by their intrinsically varied harmonic characteristics is one of the 

most notable features of this proposed antenna. The dipole based filtering network is a half-wavelength 

resonating filter having multiple harmonics at 2f0, 3f0, 4f0, and so on, with f0 being the fundamental resonant 

frequency. On the other hand, the SIR may be act as a quarter-wave resonating filter with harmonics at 3f0, 5f0, 

and 7f0. When the SIR and the clover leaf fractal patch are concurrently adjusted to their resonating 

frequencies, harmonics at 2f0, 4f0 of even order may be virtually removed. The elimination of harmonics from 

the second iterated clover shaped antenna is shown in Fig. 8 at 1.8fo (6.42GHz), 1.5fo(7.37GHz), and 

1.73fo(9.04GHz), where f0 is the fundamental resonating frequencies of 3.48GHz and 5.2GHz. Thereby, the 

proposed fractal antenna's gain and radiating efficiency are degraded by the lower order harmonics. Hence 

incorporating SIR filter with the proposed fractal antenna, overcomes the earlier degradation of peak gain. Fig. 

7 shows the return loss of Clover shaped fractal antenna with and without SIR. 

 

 

 
Fig. 7 Comparison of Return loss of Clover shaped fractal antenna with and without SIR 

 

To verify the proposed design, an antenna prototype was constructed using ideal values and its performance 

was evaluated using an Vector Network Analyzer(VNA-Agilent’s 8722ES). The minimal discrepancy between 
measured hardware and simulated results is due to fabrication tolerance and the SMA connection. The 

impedance bandwidth is 13% for a frequency band of 2.7 to 3.7 GHz and 12% for a frequency band of 5.1 to 

6.6 GHz inside the relevant WiMAX and ITU-R bands. The observed peak gain of the proposed antenna for 

the desired band of frequencies is shown in Figure 12. The proposed antenna has a fair and adequate gain level 



in these frequencies. Figure 8 illustrates the top and bottom perspectives of the built clover-shaped fractal 

antenna design. 

 

 

 

 
(a) (b) 

Fig 8. Fabricated Prototype of the Clover shaped fractal antenna (a) Top perspective(b) Bottom perspective 

 

 
Fig.9 Performance Analysis of return loss of Proposed Fractal Antenna through Simulated and Measured 

Results 

There is a little discrepancy between simulated and measured results, due to error in measurement or 

fabrication system. The effect of ground plane should be considered once the filtering antenna equipment in the 

system of RF front end. The performance of out of band and in-band continue to be unaffected as the ground 

plane is decreased or increased. The insertion and in-band return losses are good in this proposed design. The 

proposed antenna's measured and simulated returnloss are shown in Figure 9 which shows clear correlation 



between measurement and simulation results. Measured results reveals that the return loss, S11 of -31.09dB at 

3.36GHz, -30.91dB at 5.12GHz, -31.44dB at 6GHz , and -30.125dB, at 8.14GHz, which conform to the 

WiMAX, WLAN, ITS, and ITU-R frequency and impedance bandwidth standard criteria. 

 
 

 

(a) (b) (c) 

Fig 10 Current distribution at (a) 3.55 GHz (b)5.15 GHz (c) 8 GHz 

 

Figure 10 depicts, the surface current distribution at 3.55GHz, 5.15 GHz, 8 GHz in the clover fractal area CA. 

The length of the existing route is 31 mm. At 3.5 GHz resonance arises due to the route length being near to λg/4 

(monopole antenna length). The xz-plane and the yz-plane corresponding to  H-plane & E-plane are the two 

primary planes that represent the radiation patterns of designed antennas. Figures 11 shows the measured 

radiation patterns of the antenna at the centre frequency of each band. The measured left-handed circular 

polarised radiation patterns (LHCP) and right-handed circular polarised radiation patterns (RHCP) with phi =00 

& 900 are shown in Fig. 11 for the WiMAX band at 3.5 GHz, the WLAN band at 5.75 GHz, the ITS band at 6.1 

GHz, and the ITU-R band at 8 GHz.The antenna radiates Omni directionally in the Hplane, but only bi-

directionally in the Eplane. 

  
(a) 



 
 

(b) 

E Plane H Plane 

Fig 11 Simulated and Measured 2D Radiation in E-plane and H-plane at (a)3.5GHz, 5.25GHz and 7.9GHz 

(b) 5.9 GHz 

 

 

 
Fig 12 Gain Plot of the proposed stacked antenna 

The frequency-gain plot for the proposed antenna is shown in Fig. 12, with peak gain of 7dBi at 3.5GHz, 

6.5dBi at 5.25GHz, 6dBi at 5.9GHz, and 5.8dBi at 7.9GHz, the realized gain exceeds 4 dBi for all desired 

resonating frequencies. Despite a minor frequency offset between the measured and simulated values due to 

assembly/fabrication defects, good  radiation performance  and impedance matching are accomplished. From 

the perspective of realised gain, a quasi-filtering response is seen. 

The comparative analysis of Proposed Fractal antenna with different iterations and structures is shown in Table 

1. The performance comparison parameters include, Return loss, 10dB Bandwidth and Peak gain. 

Table:1 Comparative analysis of Return loss, 10dB Bandwidth and Peak gain of Proposed Fractal antenna of 

different iterations 

Antenna Resonating 

Frequency 

spuriou

s 

Return loss(dB) 10 dB- 

Bandwidt

Peak 

Gain 



range (range 

calculated @ -

10dB) (GHz)- 

harmon

ics 

rejectio

n 

h (dBi) 

Rectangular Patch(sim.) 5.42 - -31.5457 - 2.4 

First iteration-single 

clover leaf (sim.) 

3-4.2 - -22.5(@3.59 GHz) 800 MHz 3.2 

5.3-6.4 - -34.75(@5.5 GHz) 1.1 GHz 2.8 

First iteration-double 

clover leaf (sim.) 

3.1-4 - -21.2(@3.65 GHz) 900 MHz 3.5 

5-7 - -26.1(@5.99GHz) 2 GHz 4.1 

Second iteration-single 

clover leaf (sim.) 

2.5-3.3 - -17.3(@2.86 GHz) 800 MHz 3.6 

4.7-5.7 - -28.45(@4.95 GHz) 1000 

MHz 

2.4 

6.7-8.7 - -24.66(@7.99 GHz) 2 GHz 3.1 

Second iteration-double 

clover leaf (without 

filter) (sim.) 

2.2-3.3 - -21.18(@2.21 GHz) 

 

1100 

MHz 

5.1 

 -33.73(@3.3 GHz) 5.1 

4.5-5.8 - -36.34(@5.09 GHz) 1.3 GHz 3.5 

 -32.96(@5.77 GHz) 3.5 

5.8-6.8 - -33.92(@6.4 GHz) 1 GHz 4.5 

7.3-8.4 - -23.21(@7.37 GHz) 1.1 GHz 4.3 

 -31.99(@8.17 GHz) 4.3 

9.04  -23.99(@-23.99 GHz) 480 MHz 4.3 

Second iteration-double 

clover leaf (with filter) 

(sim. & meas.) 

3.3-3.6(sim.) 

2.7-3.7(meas.) 
1.8f0 

-33.73(@3.48GHz) 

-31.09(@3.36 GHz) 

300 MHz 7 

5.15-

5.825(sim.) 

5.1-6.6(meas.) 

1.5f0 

-36.69(@5.2 GHz) 

-30.91(@5.12 GHz) 

675 MHz 6.5 

5.795-6.4(sim) 

5.1-6.6(meas.) 
1.73f0 

-36.25(@6.02 GHz) 

-31.44(@6 GHz) 

605 MHz 6.2 

7.725-

8.25(sim.) 

6.8-8.4 (meas.) 

absent 

-33.20(@8.15 GHz) 

-30.125 (@8.14 GHz) 

525 MHz 5.8 

 

 

The different stages and iterations of designed Multiband clover leaf shaped fractal antenna stacked with 

Stepped Impedance Resonator has been depicted in Table 1, which illustrates the undesired lower order 

harmonics(1.8f0,1.5f0, 1.73f0)  has been suppressed and peak gain of greater than 5dBi has been achieved for 

all resonating modes. The table 2shows the comparative analysis of existing relevant patch antennas in 

literature with the proposed antenna which demonstrates the proposed antenna exhibits better return loss, 10 dB 

bandwidth, moreover harmonics and undesired resonance has been eliminated 

Table 2: Comparison with some previous relevant filtering patch antennas in literature with proposed antenna 

Ref. 
Design 

Configuration 

Integr

ated 

Filter

ing? 

Frequenc

y Range 

(GHz) 

Return loss(dB) ( 

@ Resonating 

Frequency,f0) 

Spuriou

s 

rejectio

n 

10 dB- 

Bandwidt

h 

Peak 

Gain 

(dBi) 

[1] 

Modified Ultra 

Wide Band array 

of antennas with 

a single-wing 

BPF filter 

Yes 2.89 -9.94 -24.3(@6.5 GHz) 1.5f0 7.05 GHz 5.2 

[2] filter with Yes 2.38-2.5 -28(@2.44 GHz) 2.3f0 120 MHz 4.5 



coupled open-

loop microstrip 

line resonators. 

[3]  

Integrating 

monopole patch 

antenna with an 

Inter-digital BPF  

Yes 1.02 -1.92 -26(@2.44GHz) 2.4f0 900 MHz 3.5 

[4]  

Monopole antenna 

with split ring 

resonator (SRR)  

Yes 

3.05 - 

4.10 

5.10 - 

6.40 

7.50 - 

8.61 

>-10(@3.575 

GHz) 

-22.5(@5.75 GHz) 

-25(@8.01GHz) 

2 f0 

1050 MHz 

1300 MHz 

1110 MHz 

3.4 

[5] 

Capacitive loaded 

loop (CLL) filter 

integrated with 

Planar filtering 

antenna  

Yes 
2.264-

2.46 
-31(@2.36 GHz) 1.8f0 196 MHz 

1.37

6 

[6] 

UWB slot 

antenna 

integrated with 

with SIR feed 

line and 2 ground 

slots 

Yes 3.1 - 11 -24(@7 GHz) 2 f0 7.9 GHz 4 

[7] 

UWB antenna 

integrated with 

SRR BPF filter 

Yes 
2.95 - 

10.82  
-22(@6.883 GHz) 3f0 7.89 GHz 4.25 

[8] 

A UWB filtering 

antenna using a 

microstrip circular 

patch antenna and 

a Multimode 

Resonator (MMR) 

built into a 

triangular ring stub 

Yes 

3.2-3.8 

5.0-5.34, 

5.5-6.4, 

7.5-8.1 

-15(@3.5 GHz) 

-19.5(@ 5.17 GHz) 

21.8(@ 5.95 GHz) 

19.4(@ 7.8 GHz) 

3.2f0 

600 MHz 

340 MHz 

900 MHz 

600MHz 

4 

3.25 

2.4 

3.8 

[9] 

filtering feed 

network for 

planar antenna 

array based on 

slots 

Yes 

3.15-3.45, 

5.0-5.625, 

5.6-6.2, 

7.55-8.2 

-16(@ 3.3 GHz) 

-25(@ 5.313 GHz) 

-24(@ 5.9 GHz) 

-21(@ 7.875 GHz) 

- 

300MHz 

625 MHz 

600 MHz 

650 MHz 

3.5 

2.9 

1.8 

[10] 

Filtering antennas 

stacked with E-

shaped feeding 

lines 

Yes 3- 3.95 -31(@3.5 GHz) - 950 MHz 4.3 

This 

Wor

k 

Proposed clover 

leaf fractal 

antenna 

integrated with 

Stepped 

Impedance 

resonator 

Yes 

3.3-3.6, 

5.15-

5.825, 

5.795-6.4, 

7.725-

8.25 

-33.73(@3.48GHz) 

-36.69(@5.2 GHz) 

-36.25(@6.02GHz) 

-33.20(@8.15GHz) 

 

1.8fo 

1.5fo 

1.73fo 

300 MHz 

675 MHz 

605 MHz 

525 MHz 

7 

6.5 

6.2 

5.8 

 



From the table 2, the proposed clover leaf shaped fractal antenna integrated with Stepped Impedance resonator 

is matched with the state-of-art related works in terms of spurious rejection, Gain Bandwidth and peak gain. 

The comparative analysis shows that designed antenna is free from lower order harmonics with better radiation 

characteristics. 

IV. CONCLUSION  

In this paper, a filtering fractal antenna combined with a Stepped Impedance filtering network for suppressing 

harmonics and filtering applications is developed and examined in response to the requirement. An aperture 

coupled feeding clover leaf shaped fractal antenna operating simultaneously over several bands, including 

WiMAX, WLAN, ITS, and ITU-R, was described. In terms of dimesnions, the proposed antenna geometry is 50 

× 50 × 2 mm3. The performance of the proposed structure is verified by theoretical calculations and full-wave 

simulations. The antenna has an excellent matching between the radiating impedances across its operating 

bands, and it supports circular polarisation over the ITU-R band & WiMAX band, with a 3-dB axial-ratio 

impedance bandwidth of  97%, according to the measurements and having S11 of -33.73dB, -36.69 dB, -36.25dB 

and -33.20dB for  WiMAX, WLAN, ITS and ITU-R bands with peak gain of 7dBi, 6.5dBi, 6.2dBi and 5.8dBi 

has been achieved. Measured results shows good coordination with the proposed structure having S11 of -

31.09dB, -30.09 dB, -31.44dB and -30.125dB for WiMAX, WLAN, ITS and International Telecommunication 

Union Radio-communication (ITU-R)bands. Omnidirectional radiation pattern in the H-plane and almost 

bidirectional in the E-plane, the antenna's gain is stable throughout all of its operational frequencies. Due to its 

low insertion loss and strong gain, the antenna is excellent for multiband wireless systems that need low-profile 

antennas. 
 
Abbreviations 
          WiMAX: Worldwide Interoperability for Microwave Access; WLAN: wireless local-area network; ITU-

R :International Telecommunication Union Radio-communication; MMR: Multimode Resonator; 
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Fig.1 Layered structure of the proposed antenna 
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Fig 2. Antenna Geometry (a) Layered View (b) Layer 1 and 2 (c) Layer 3 (d) Layer 4 and 5 

 
Fig 3. Evolution of proposed antenna 

 



 
Fig 4. Reflection coefficient of antenna evolution (Step 1 to proposed design) 

 

 

 
Figure 5 Equivalent circuit of proposed clover leaf shaped fractal antenna with SIR 

 



 
Fig. 6 Effect of Stepped Impedance filter parameters and its insertion loss response for the frequencies f1, f2, f3, 

f4 

 

 
Fig. 7 Comparison of Return loss of Clover shaped fractal antenna with and without 

SIR 
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Fig 8. Fabricated Prototype of the Clover shaped fractal antenna (a) Top 

perspective(b) Bottom perspective 

 



 
Fig.9 Performance Analysis of return loss of Proposed Fractal Antenna through 

Simulated and Measured Results 
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Fig 10 Current distribution at (a) 3.55 GHz (b)5.15 GHz (c) 8 GHz 
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Fig 11 Simulated and Measured 2D Radiation in E-plane and H-plane at (a)3.5GHz, 5.25GHz and 7.9GHz 

(b) 5.9 GHz 
 

 

 
Fig 12 Gain Plot of the proposed stacked antenna 

 


