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Abstract: Many communication applications the antenna with smaller size, less weight and high efficiency is in 

demand. Monopole antenna able to process the wideband application and light weight. However, monopole antenna 

has the low return loss that affects the efficiency of the antenna. Fractal shapes has been applied in the monopole 

antenna to increase the return loss and efficiency. In this research, the Microstrip Minkowski Patch Antenna (MMPA) 

is proposed to increase the efficiency of monopole antenna. Minkowski Iteration Fractal antenna technique is applied 

to optimize the design in iterative manner for bandwidth and frequency tuning for wideband applications. The 

experimental evaluation shows that the proposed MMPA method has the higher bandwidth and more stable gain 

compared to the other fractal antennas. The return loss of the proposed MMPA’s second iteration is -21.38 dB at 3.2 

GHz and base design has -30.37 dB at 3.6 GHz. Additionally, the MMPA is compared with existing Koch fractal 

antenna in terms of patch dimension and return loss. The patch dimension of the MMPA is 25×20 mm^2, it is less 

when compared to the Koch fractal antenna. 

Keywords: Fractal antenna, Microstripminkowski patch antenna, Minkowski iteration fractal, Monopole antenna and 

wideband application. 

 

 

1. Introduction 

The tiny multiband antenna receives huge 

attention in the wireless communication systems due 

to the modern communication systems and its 

growing application areas. The important 

requirements of the modern tiny antennas are less 

weight, higher performance and small size. Moreover, 

the microstrip antennas are considered as one of the 

miniaturized antennas with various benefits such as 

inexpensive, less cost, conformability and so on. The 

design is easy, while considering the simple radiating 

patch shapes [1]. In miniaturized antennas, monopole 

antennas are considered as preliminary aspect that is 

broadly utilized in mobile terminal devices. The 

monopole antenna is integrated in the mobile 

terminal devices due to its low profile, simple design 

and ease of integration with other small form factor 

devices [2]. The different antenna structures are 

developed with one or more notch bands by using the 

planar monopole structures [3]. The design of 

traditional antenna used for broadband applications is 

suffered by its huge size and limited bandwidths. 

Moreover, there are various methods are developed 

to carry the fractal geometry with electromagnetic 

theory. The modern antenna design namely 

Minkowski fractal which is used to accomplish the 

fractal geometry in the antenna design. The usage of 

fractal antenna simplifies the overall circuit design, 

minimizes the construction cost and enhances the 

reliability. Moreover, the fractal antenna doesn’t 

requires any self-loading, extra antenna parts such as 

capacitors and coils for creating the resonant in the 

antenna design. The wideband array is obtained in the 

multiband and amount of elements in the array are 



Received:  July 17, 2020.     Revised: August 14, 2020.                                                                                                    550 

International Journal of Intelligent Engineering and Systems, Vol.13, No.5, 2020           DOI: 10.22266/ijies2020.1031.48 

 

minimized by organizing the elements in the fractal 

pattern [4-5].  

Accordingly, the fractal shape antennas are 

considered as an appropriate way for designing the 

advanced antennas namely multiband antennas. The 

characteristics of the multiband antennas are similar 

to the fractal antenna for different frequency bands as 

well as it has small size antennas [6]. The Ultra-Wide 

Band (UWB) antenna design uses the fractal 

geometry due to its space filling and self-similar 

features. Hence, this UWB antenna obtains the less 

size and wideband features [7]. The antenna 

miniaturization or antenna size is minimized by using 

the space filling property. Moreover, the higher 

permeability and permittivity of the substrate are also 

used for minimizing the antenna size [8–9]. There are 

various antenna structures are already designed, 

neither it has stable radiation patterns or low-profile 

structure [10–11]. Since, a high efficient and 

inexpensive monopole antenna is designed by using 

the growing printed antenna technology [12]. 

Additionally, the planar monopole antenna has 

various physical characteristics such as light weight, 

less size and broadband. Hence, this monopole 

antenna is used in portables devices due to its 

physical characteristics [13-14]. The monopole 

antenna is designed in different shapes such as ring 

[15], C-shape [16] and so on. The main contributions 

of this research paper are given as follows: 

• The efficiency of the monopole antenna is 

improved by using the MMPA design. The 

monopole antenna is widely used due to its 

lightweight and less cost. 

• The Minkowski Iteration Fractal antenna 

technique is developed in the MMPA for 

obtaining the frequency tuning in wideband 

applications. This fractal antenna provides three 

different frequencies such as base antenna-3.6 

GHz, first iteration-3.4 GHz and second 

iteration-3.2 GHz. 

• Moreover, the return loss, VSWR, electric and 

magnetic field are analysed for the proposed 

MMPA design. 

The paper is organized as follows, literature 

review of recent methods in monopole antenna is 

provided in section 2, the description of monopole 

microstrip patch antenna is given in section 3, 

parametric analysis of MMPA is explained in section 

4, and comparison of Minkowski monopole with 

other fractal antenna is discussed in section 5 and 

conclusion is in section 6. 

 

 

 

2. Literature review 

In wireless applications, the antennas with the 

capacity to work on huge frequency band and 

compact in size have high demand. Recent researches 

in designing fractal antenna with compact in size are 

reviewed in this section. 

Manohar [17] analysed the super-wideband Koch 

snowflake antenna for different wireless applications. 

The Koch iteration techniques of self-similarity and 

space-filling features has been applied at the 

triangular patch to acquire the antenna compactness 

and broadband performance. The proposed antenna 

has the compact size and stable radiation pattern over 

entire frequency spectrum. An I-shaped parasitic 

element was used for stable pattern in this antenna. 

The experimental result showed that the proposed 

antenna has a wide-impedance BW without 

increasing overall dimension. But the return loss and 

efficiency of the developed antenna were low. 

Karmakar [18] developed compact UWB monopole 

antenna with triple-band, triple-sense circular 

polarization. The developed design consists of 

compact quad circular monopole, triangular and 

rectangular ring resonator, a fractal parasitic ring 

resonator, and ground plane consists of modified ‘T’ 

and ‘I’ shaped slots. The proposed antenna radiates 

Left-Hand Circular Polarised (LHCP) wave at lower 

and mid band frequency, and the Right-Hand Circular 

Polarised (RHCP) wave at upper band frequency. The 

experimental result showed that the proposed antenna 

covers an ultra-wide bandwidth and also has good 

circular polarisation characteristics. The design of the 

antenna is need to be improved to increase the 

efficiency of the antenna. 

Goswami [19] proposed multi-band planar antenna 

using a bisected fractal Hilbert Curve. To achieve two 

additional operating bands apart from the resonant 

frequency of fractal monopole antenna, two 

subwavelength Split Ring Resonance (SRR) was 

placed proximity to the compact monopole. One is 

Moore shaped fractal SRR, operate at 3.5 GHz and 

other is conventional SRR, operates at 5.2 GHz. A 

fabricated antenna analysis showed that good 

agreement between the simulation and experiment. 

The proposed antenna was compact in size and 

provide stable monopole-like pattern over the band. 

The return loss of the monopole antenna was low that 

affects the overall efficiency. 

Elavarasi and Shanmuganantham, [20] designed 

Koch star fractal antenna with split ring resonator for 

multi frequency band application. The Circular Split 

Ring Resonator (CSRR) was fixed on reverse side of 

the substrate and iterated Koch star. The experimental 

result showed that the proposed antenna has the 
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significant performance in different range. The 

proposed antenna has the capacity to progress smooth 

radial model in far field. The antenna design is need 

to be improved to increases the efficiency. 

Singh [21] proposed a multiband circular microstrip 

patch antenna and analysed on various applications. 

In order to achieve the desired multiband, a cantor set 

theory was used to develop fractal slots. The 

experimental result shows that the projected antenna 

has the higher performance than the conventional 

antenna. The proposed antenna is designed on FR4 

glass epoxy substrate material and tested using 

Vector Network Analyzer. The return loss of the 

proposed antenna is low and its need to be improved. 

Pokkunuri, Madhav, Sai, Venkateswararao, Ganesh, 

Tarakaram, and Teja [22] presented the frequency 

reconfigurable fractal (i.e. Koch Fractal) slot antenna 

based on the Complimentary Split Ring Resonator 

(CSRR). This multiband fractal antenna has the 

snowflake patch as the radiating element which used 

to develop the Koch Fractal. The frequency 

reconfigurability was obtained by placing the two 

PIN diodes in the CSRR. Moreover, this Koch Fractal 

based multiband antenna was operated in the bands 

of 1.6GHz (GPS), 2.4GHz (Bluetooth) and 5.7GHz 

(WiMAX). However, this Koch Fractal antenna had 

complex ground plane structure that leads to increase 

the area of the antenna. 

3. Monopole microstrip patch antenna 

The microstrip patch antenna is process at 

Narrow band frequency and Monopole Microstrip 

Patch Antenna is process at wide band frequency. 

The conventional microstrip antenna consists of a 

metal strip conductor (patch) as an upper layer of a 

grounded substrate. The factors such as shape, 

dimension and substrate dielectric constant are 

determining the microstrip antenna performance in 

terms of bandwidth and radiation. The rectangular 

patch monopole antenna with patch size of 20 ×
25 𝑚𝑚2 and microstrip feeding line of 3 × 10 𝑚𝑚2 

with rectangular slotted monopole ground of size 

30x7mm2 is shown in Fig. 1. 

This section details about the MPA design 

process by selecting the essential parameters such as 

antenna width (𝑊)  effective dielectric 

constant  (𝜀𝑟
𝑒𝑓𝑓

) , effective antenna length ( 𝐿𝑒𝑓𝑓 ), 

length extension (∆𝐿), and patch length (𝐿). 

• Calculation of antenna width (𝑾) 

A practical width (𝑊 ) is calculated for MPA 

leads to better radiation efficiency. The mathematical 

equation to calculate the antenna width is given in the  

Figure. 1 The structure of rectangular monopole patch 

antenna 

 

Eq. (1). 

 

𝑊 =
𝑐

2𝑓𝑟
√

2

𝜀𝑟+1
         (1) 

 

Where, 𝑐  is denoted as velocity of the light 

(3 × 108𝑚/𝑠 ), 𝜀𝑟  is stated as relative permittivity 

(𝜀𝑟 = 3), and 𝑓𝑟 is indicated as resonating frequency 

(𝑓𝑟 = 2.8 𝐺𝐻𝑍).  

• Calculation of effective dielectric constant 

(𝜺𝒓
𝒆𝒇𝒇

) 

In MPA, the effective dielectric constant 𝜀𝑟
𝑒𝑓𝑓

 is 

estimated on the basis of air dielectric boundary as 

shown in the Eq. (2). 

 

𝜀𝑟
𝑒𝑓𝑓

=
𝜀𝑟+1

2
+

𝜀𝑟−1

2
[1 + 12(ℎ/𝑊)]−1/2    (2) 

 
Where, 𝜀𝑟 = 3. 

• Calculation of antenna length(𝑳𝒆𝒇𝒇) 

Generally, the width and length of MPA is 

calculated by selecting the substrate. The initial 

approximation of the length is made for a half wave 

MPA as represented in Eq. (3). 

 

𝐿𝑒𝑓𝑓 =
𝑐

2√𝜀𝑟
𝑒𝑓𝑓

 (
1

𝑓𝑟
)        (3) 

 

Where, 𝑓𝑟 = 2.8 𝐺𝐻𝑍 , 𝐶 = 3 × 108𝑚/𝑠 , 

and,𝜀𝑟
𝑒𝑓𝑓

= 0.1 .  

• Calculation of length extension (∆𝑳) 

Hence, there is a line extension related with a 

patch, due to fringing fields and radiating edges of the 

antenna. The length extension ∆𝐿 is mathematically 

denoted in the Eq. (4). 
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(a)         (b)       (c) 

Figure. 2 Minkowski fractal curve: (a) base structure, (b) first iteration, and (c) second iteration 

 

 
(a)       (b) 

 
(c) 

Figure. 3 Fabricated MMPA antenna: (a) base structure, (b) first iteration, and (c) second iteration 

 

∆𝐿 = 0.412ℎ [
(𝜀𝑟

𝑒𝑓𝑓
+0.3)(

𝑊

ℎ
+0.264)

(𝜀𝑟
𝑒𝑓𝑓

−0.258)(
𝑊

ℎ
+0.8)

]     (4) 

 

Where, 𝜀𝑟
𝑒𝑓𝑓

= 0.1 . 

• Calculation of patch length(𝑳) 

Usually, the patch length is determined by using 

the Eq. (5). 

 

𝐿 = 𝐿𝑒𝑓𝑓 − 2∆𝐿     (5) 

 

Structure of rectangular patch antenna is 

graphically indicated in Fig. 1, and the current 

distribution of MPA at 3.6 GHZ. Although, 

monopole antenna operates at the Wideband 

frequency, but return loss of monopole antenna is low 

that affects the overall efficiency. Therefore, the 

design of Minkowski fractal iteration antenna is 

proposed in monopole antenna to improve the return 

loss. 

3.1 Description of Microstrip Minkowski 

monopole patch antenna 

The proposed MMPA design is designed under 

three different iterations. Initially, the dimensions of 

the Euclidean rectangular MMPA at three different 

modes are obtained by using the Minkowski slots in 

MPA.  The Minkowski slots and fabricated MMPA 

design are shown in the Fig. 3. 

The width and height of the Substrate, patch, feed 

and slots of three iterations of MMPA tabulated in 

Table 1 and are represented in Fig. 2 as Ws, Wp, Wf, 

Ws1,Ws2 and Ls, Lp, Lf, Ls1, Ls2 respectively and 

𝜖𝑟= 4.4 is the permittivity and Hs = 1.6 is height of 

the MMPA.   
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Table 1. Length and width measurement of proposed 

MPA 

Parameter Value(mm) 

Wsub 30 

Lsub 35 

Wp 20 

Lp 25 

Ws 6 

Ls 6 

Wf 3 

Lf 10 

Hs 1.6 

Ws1 6 

Ls1 4 

Ws2 3 

Ls2 2 

Ws3 2 

Ls3 2 

 

Based on the RDRA design, the microstrip line is 

used as feed with size of 3 × 10 𝑚𝑚2 to achieve 

50ohm impedance matching. In this MMPA design, 

the Microstrip feed is selected because of its simple 

fabrication, less loss and it doesn’t requires any 

drilling of hole. This shows that the Microstrip feed 

consumes only less space. These points are 

considered to accomplish the parametric studies for 

achieving enhanced resonance characteristics. The 

FR4 with 1.6mm height, 4.4 relative permittivity and 

the dimensions of 30 𝑚𝑚 × 40 𝑚𝑚  is selected as 

substrate for designing the loop. The fractal shape is 

created by moving the middle one-third of each 

straight segment (i.e., indentation length) by some 

fraction namely the indentation width. The 

Indentation factor is mainly described as the ratio 

between the indentation width and the indentation 

length. The resulting architecture has 5 different 

segments for an each one of the last iteration, but all 

the 5 segments are not in same scale. The indentation 

factor variation creates the shift in the resonant 

frequencies. Therefore an adequate indentation 

factor’s tuning is required for achieving the wideband 

characteristics. 

4. Parametric analysis of fractal MMPA 

The self-similar properties of fractal geometry are 

utilized for improving the bandwidth. The 

Minkowski is considered as good choice for 

generating the fractal shapes in the monopole antenna. 

The design restrictions of the Euclidean geometry are 

selected as the initial parameters of the Fractal 

MMPA (FMMPA). The parametric study is limited 

to the 2nditeration by considering the tolerance of 

fabrication. 

4.1 Rectangular MMPA (Initiator) 

For successive fractal designs, the microstrip fed 

rectangular MMPA is developed as the initiator. The 

slots are combined in the feed and patch for achieving 

the coupling among the feed section and the MMPA 

as well as this integration is used to obtain the 50ohm 

impedance matching. An optimal output from the 

parametric study are selected as final fabrication 

design values which are shown in the Table 1. 

4.2 Indentation width (First iteration) 

The effect of indentation width variation while 

maintaining the fixed indentation length in one third 

of the linear segment is explored in the 1st stage of 

parametric study. The resonant frequency is 

continuously increased with respect to the increment 

in indentation factor. The frequency increase is 

recognized to the reduction in an entire dielectric 

material. Here, the DRA’s resonant frequency is 

mainly depends on the size or volume of DRA. 

Therefore, the resonant frequency is minimized, 

when there is a decrement in the overall volume. The 

resulting converge is in the wideband due to the 

higher indentation factor with higher order modes. 

Moreover, the further increment in the indentation 

factor maximizes the indentation width that leads to 

degradation in the impedance matching. This 

impedance mismatching is occurred due to the 

unprotected slot loop with higher indentation factor. 

4.3 Indentation width (Second iteration) 

The 2nd order iteration in the RDRA boundary is 

investigated with the MMPA design. The indentation 

factor is varied by 3 × 2𝑚𝑚2  and 2 × 2𝑚𝑚2  and 

the increase in the indentation factors minimizes the 

resonant frequencies through the MMPA design. 

From the fractal DRA’s electric field pattern, knows 

that the 1st and 2nd resonances for the fractal 

geometry are recognized to the bigger inner rectangle 

of the DRA, whereas the 3rd resonance may 

recognized to the 4th outer rectangles of the DRA. 

The integration of fractal geometry provides self-

similar antenna behaviour which is specified by the 

connections in the first two resonances.  Fig. 4 and 

Fig. 5 shows the electric-field (E-field) and magnetic 

field (H-field) distribution of the proposed MMPA 

design respectively. 

The effective dielectric constant (𝜖𝑟𝑒𝑓𝑓)  is 

derived for identifying the resonant frequency of the 

DRA, when the fractal geometry is integrated on its 

boundary. Let, the original dimensions of the RDRA 

is 𝐴 × 𝐵 × 𝐻 and relative permittivity of the RDRA 

is 𝜖𝑟. After completing one iteration, the dimension  
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(a)                           (b)                           (c) 

Figure. 4 Electrical field of design: (a) base design, (b) 

first iteration, and (c) second iteration 

 

 
(a)                         (b)                        (c) 

Figure. 5 Magnetic field of the designs: (a) base design, 

(b) first iteration, and (c) second iteration 

 

compromises both the 𝜖0  and 𝜖𝑟 . Therefore, an 

effective permittivity is allocated to the RDAR for 

computing the resonant frequency. Moreover, the 

resonant frequency is calculated by using the Eqs. (6) 

- (9). 

 

𝑞 = 2𝑖𝛿2 × ∑ 𝛿𝑛−1𝑘
𝑛=1 × (

𝐴

𝐵
+

𝐵

𝐴
) (6) 

 

𝜖𝑟𝑒𝑓𝑓 = 𝑞 × 𝜖0 + (1 − 𝑞) × 𝜖𝑟  (7) 

 

𝑘𝑥 =
𝜋

𝐴
; 𝑘𝑧 =

𝜋

2𝐻
  (8) 

 

𝑘𝑦 tan (
𝑘𝑦𝐵

2
) = √(𝜖𝑟𝑒𝑓𝑓 − 1)𝑘0

2 − 𝑘𝑦
2    (9) 

 

where, computed filling factor is denoted as𝑞 which 

specifies the dielectric material fraction; scalar factor 

is denoted as 𝛿 = (𝐿/3)/𝐿 = 1/3; the indentation 

factor is denoted as 𝑖 ; 𝑘  specifies the order of 

iteration; the length, width and height of the DRA are 

𝐴, 𝐵and 𝐻 respectively. The relative permittivity of 

DRA and vacuum are specified as 𝜖𝑟 and 𝜖0 

respectively. Next, the wave numbers in the 𝑥, 𝑦, and 

𝑧  directions are represented as 𝑘𝑥 , 𝑘𝑦  and 𝑘𝑧 

respectively. This designed MMPA has different 

advantages such as bandwidth configuration, 

frequency reconfigurability and less patch size. The 

bandwidth configuration and frequency 

reconfigurability is achieved by designing fractal 

geometry shape in MMPA which used to obtain three 

different frequencies such as 3.2 GHz, 3.4 GHz and 

3.6 GHz. Moreover, the area of the MMPA is 

minimized by designing the patch with less size. 

5. Comparison of minkowski monopole 

fractal antenna with other fractal antenna 

In this section, the proposed MMPA is compared 

with other fractal antenna to examine the 

performance. The return loss of the proposed MMPA 

and base design antenna is shown in Fig. 6. The return 

loss of the proposed MMPA design is higher compare 

to the base design antenna. The return loss of 

proposed MMPA first iteration design is -25.66 dB at 

3.4 GHz and the proposed MMPA second iteration 

has -21.38 dB at 3.2 GHz. The proposed MMPA 

structure is compared with one existing antenna 

namely Koch Fractal antenna [22] to show the 

efficiency of the MMPA. 

 

 
Figure. 6 Return loss of proposed MMPA design 
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Figure. 7 VSWR of the proposed MMFA design 

 

Table 2. Parameter analysis of proposed MMPA design 

Name Frequency 

(GHz) 

Return Loss(dB) VSWR Gain Bandwidth(MHz) Area reduction 

in % 

Base 3.6 -30.37 0.5 3.0794 2600-4300 - 

First Iteration 3.4 -25.66 0.9 2.8839 2300-3700 13% 

Second Iteration 3.2 -21.38 1.2 2.5213 2300-3452 27% 

 

 
(a)                                                        (b)                                                       (c) 

Figure. 8 Normalized radiation pattern: (a) base design, (b) first iteration, and (c) second iteration 

 

 
(a)                                                         (b)                                                        (c) 

Figure. 9 Measured antenna gain: (a) base design, (b) first iteration, and (c) second iteration 

 

5.1 Antenna frequency analysis using fabrication 

The antenna frequency analysis using fabricated 

MMFA is described in this section. This section 

analyse the return loss, VSWR, E-field and H-field 

for the baseband design, first iteration and second 

iteration.  The return loss of the baseband design, first 

iteration and second iteration are shown in the Fig. 10 

(a), 11 (a) and 12 (a) respectively. Similarly, the Fig. 

10 (b), 11 (b) and 12 (b) shows the VSWR of the 

baseband design, first iteration and second iteration 

respectively. The curve of the return loss Fig. 10 (a), 

11 (a) and 12 (a) is used to identify the frequency 

range of the fractal shape antenna. The curve of Fig. 

10 (a), 11 (a) and 12 (a) lies in the 3.6 GHz, 3.4 GHz 

and 3.2 GHz of frequency. Moreover the width of 
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(a)                                                                                                 (b) 

Figure. 10 Base design: (a) return loss and (b) VSWR 

 

 
(a)                                                                                         (b)  

Figure. 11 First iteration: (a) return loss and (b) VSWR 

 

 
(a)                                                                                              (b) 

Figure. 12 Second iteration: (a) Return loss and (b) VSWR 

 

curve at –10 dB represents the bandwidth of the 

MMFA baseband design, first iteration and second 

iteration.  

The radiation pattern for 3.6 GHz, 3.4 GHz and 

3.2 GHz are shown in the Fig. 13, 14 and 15 

respectively. In that, Fig. 13.a, 14.a and 15.a shows 

the E-field radiation patterns of the base case, first 

iteration and second iteration. Moreover, Fig. 13.b, 

14.b and 15.b shows the H-field radiation patterns 

of the base case, first iteration and second iteration 

respectively. The MMPA based design is used for 

improving the efficiency of the monopole antenna 

as well as the developed antenna has lightweight. 

The frequency tuning over the wideband 

applications are obtained by using the minkowski 

iteration fractal antenna is developed in the MMPA. 

This MMPA provides three different frequencies 

such as base antenna-3.6 GHz, first iteration-3.4  
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(a)                                                                         (b) 

Figure. 13 Base design: (a) E-fiel, and (b) H-field 

 

 
(a)                                                                                      (b) 

Figure. 14 First iteration: (a) E-field and (b) H-field 

 

 

 
(b) 

Figure. 15 Second iteration: (a) E-field and (b) H-field 
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Table 3. Comparison of MMPA with Koch Fractal 

antenna 

Parameters Koch Fractal 

antenna [22] 

MMPA 

Patch dimension 

(𝒎𝒎𝟐) 

35×30 25×20 

Return loss (𝒅𝑩) -15 to -26 -21 to -30 

 

GHz and second iteration-3.2 GHz. 

Table 3 shows the comparison of MMPA with 

Koch fractal antenna [22] in terms of patch dimension 

and return loss. From the Table 3, knows that the 

MMPA has lesser patch dimension and return loss 

than the Koch Fractal antenna [22]. The ground plane 

of the Koch Fractal antenna [22] has complex 

structure whereas the proposed MMPA design is 

designed only by using rectangular shape with 7mm 

of size that used to minimize the area of MMPA. This 

rectangular shape based ground plane is used to 

minimize the cost while designing the MMPA. The 

snowflake structure increases the area of the overall 

Koch Fractal antenna [22] by adding extra triangle 

shape antenna in iteration 1. Moreover, the Koch 

Fractal antenna [22] uses metamaterial for 

minimizing the return loss. But, the MMPA obtains 

less return loss in the range of -21dB to -30dB 

without any metamaterial structure. Therefore, the 

designed MMPA provides different advantages such 

as bandwidth configuration, frequency 

reconfigurability and less patch size. This MMPA 

provides three different frequencies such as 3.2 GHz, 

3.4 GHz and 3.6 GHz in second iteration, first 

iteration and base design respectively. 

6. Conclusion 

Monopole antenna supports wideband 

application and also smaller in size, suitable for the 

wireless communication application. Monopole 

antenna has the limitation of lower return loss that 

affects the efficiency of the antenna. In this research, 

MMPA design technique is proposed to improve the 

return loss and efficiency. The Minkowski Fractal 

Iteration technique is applied in the monopole 

antenna. The experimental result shows that the 

developed antenna design has the higher efficiency 

compared to other fractal and monopole antennas. 

The return loss of the proposed MMPA first iteration 

is -25.66 dB at 3.4 GHz and base design has -30.37 

dB at 3.6 GHz. The patch dimension of the MMPA is 

25×20 mm2, it is less when compared to the Koch 

fractal antenna. The antenna fractal design is 

improved in future work to enhance the bandwidth 

efficiency. 
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