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Abstract ─ An innovative method is proposed to improve 

the cross-polarization performance and impedance 

matching of a microstrip antenna by integrating a 

complimentary split ring resonator and slots as a 

defected ground structure. An equivalent circuit model 

(ECM) enables the design take into consideration the 

mutual coupling between the antenna patch and the 

Defected Ground Structure. The input impedance and 

surface current density analysis confirms that the 

integration of a CSRR within a rectangular microstrip 

patch antennaleads to uniform comparative cross-

polarization level below 40 dB in the H-plane, over an 

angular range of ± 50°. Introducing parallel slots, as well, 

leads to a reduction of spurious antenna radiation, thereby 

improving the impedance matching. Measurements 

conducted on a fabricated prototype are consistent with 

simulation results. The proposed antenna has a peak gain 

of 4.16 dB at 2.6 GHz resonating frequency, and hence 

is good candidate for broadband service applications. 

 

Index Terms ─ Cross-polarization, CSRR, defected 

ground structure, impedance matching, microstrip 

antenna. 
 

I. INTRODUCTION 
Microstrip antennas have gained a wide range of 

attention and have been elaborately studied due to their 

small footprint, lighter structure and inexpensive price. 

The impedance matching of microstrip patch antenna 

plays an import role in designing a good antenna. The 

antenna’s input impedance depends on its size, profile, 

type of feeding, and the properties of the antenna 

material. Results obtained from experiments [1] reveal 

that, in particular cases, such as feeding from the probe 

of simple coaxial and a microstrip line, the input 

impedance is dependent on the feed position. In general, 

the cosine-square of the normalized distance of feeding 

point from the patch edge is proportional to the 

impedance of the input probe that feeds the microstrip 

patch antenna. However, with the use of a microstrip 

line, the dependence of impedance develops proportionate 

to the fourth-power cosine [2]. While the input impedance 

is zero for the feed probe at middle of the patch, the input 

impedance of inset-fed rectangular microstrip patch 

antenna is influenced by the notch dimensions and the 

aspect ratio of the patch [3]. This implies that the H-plane 

cross-polarization is influenced by the notch depth and 

width dimensions. For fixed input impedance, however, 

the cross-polarization level is largely insensitive to the 

notch width. Flexible impedance matching and low 

cross-polarization has been realized using a novel 

technique of loading the rectangular microstrip patch 

antenna with a pair of shorting pins [4]. The symmetric 

arrangement of the shorting pins retains the symmetric-

odd pattern of surface current with respect to the H-

plane, and therefore the level of cross-polarization is 

diminished considerably. The input impedance of the 

microstrip patch antenna also plays a role in achieving a 

suitable impedance-bandwidth. An improved bandwidth 

for a microstrip patch antenna in the X-band has been 

achieved by implementing a z-shaped defected ground 

structure [5]. However, the integration of a defected 

ground structure for enhancing input impedance 

matching has not been studied. The defected ground 

structure has also been used to boost the bandwidth of an 

ultra-wide band antenna along with the suppression of 

cross-polarization [6]. Although, the level of cross-

polarization has been improved by between 10 dB to  

25 dB in both the principal planes, a decline in matching 

can be observed after introducing the defected ground 
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structure. Among various effects, a simple rectangular 

microstrip patch antenna is impinged by cross-polarized 

radiation in the far field, particularly the H-plane. 

Irregularities in the positioning of probes leads to this 

proportioned antenna near-fields, resulting in higher 

cross-polarized radiation in the H-plane. The reduction 

of cross-polarization using defected ground structure 

approaches have been studied, such as an arc-shaped 

symmetrical defected ground Structure [7]; a novel 

defected ground structure strategy [8]; a defected ground 

structure with dumbbell shape [9]; defected ground 

structure with asymmetry, non-affected pattern of co-

polarized radiation [10]. From these studies, it can be 

observed that the reduction of cross-polarization along 

with proper impedance tuning is a challenging assignment 

for designers of microstrip patch antennas. Since, an 

asymmetric feed position is often required for accurate 

matching of impedance; this unfortunately plays a role 

in increasing cross-polarization in the H-plane. Although 

the reduction of the cross-polarization in bore sight is a 

comparatively easier task, it is difficult to maintain a 

regular and low cross-polarization over a wide angle range 

from – 50° to + 50°. In this work, a rectangular microstrip 

patch antenna, using a complimentary split ring resonator 

(CSRR) and slots as defected ground structure, is 

proposed and studied for improved impedance matching 

and lower cross-polarization level. The location of the 

defected ground structure is adjusted to obtain the 

anticipated x-axis directed odd-symmetric distribution of 

surface current, hence, negating the resultant far field 

radiation in the H-plane. Taking into the consideration 

the mutual coupling between the defected ground 

structure and patch, an equivalent circuit model (ECM) 

is first developed and analyzed using Advance Design 

System (ADS-2017). Enhanced input impedance between 

2.4 GHz – 2.8 GHz, regular and low cross-polarization 

over a wide angle range from – 50° to + 50° and a 

reasonable peak gain of 4.16 dB will make these type of 

antenna appropriate for broadband services applications. 

 

II. ANTENNA DESIGN 

A. Antenna configuration 

The proposed configuration for antenna and the 

model of equivalent circuit are elaborated in this section. 

 
B. Equivalent circuit model 

In Fig. 1 and Fig. 2, the descriptive sketch of 

recommended CSRR+Slots designed defected ground 

Structure incorporated in microstrip patch antenna and 

the equivalent circuit of CSRR defected ground structure 

with microstrip line feed microstrip patch antenna is 

presented respectively, in which the influence of the  

CSRR and slots aperture are accounted for by considering 

the mutual inductance between the patch and defected 

ground structure (i.e., the CSRR and slots). The input 

side, which models the equivalent circuit of the antenna 

patch, consists of a parallel capacitor (Cp), parallel 

resistance (Rp), and parallel inductance (Lp). As the 

defected ground structure involves the ground plane, a 

parallel circuit LC (LDG and CDG), equivalent to the 

defected ground structure is conjointly linked with the 

antenna patch circuit. The proposed antenna equivalent 

circuit shows the combination of equivalent circuit of 

radiating patch, the CSRR and the slots. The total value 

of LDG and CDG are the summation of CSRR and slots 

individual inductances capacitances. When the CSRR  

is placed in different positions, the total value of 

inductance and capacitance will change, and hence the 

impedance of the patch antenna varies. This leads to poor 

reflection coefficient. 
 

 
  (a) 

 
  (b) 
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  (c) 

 

Fig. 1. Descriptive sketch of recommended complimentary 

split ring resonator+slots designed defected ground 

structure incorporated in microstrip patch antenna: (a) 

front view, (b) rear view superimposed on front view, 

and (c) different positions of defected ground structure 

in rear view.  

 

 
 

Fig. 2. Equivalent circuit of defected ground structure 

integrated with antenna. 

 

Table 1: Antenna parameters with enhanced dimensions 

(in mm) 

Parameters  Dimensions 

(mm) 

Length of the Substrate (X) 52 

Width of the Substrate(Y) 50 

Length of the Patch(x) 26 

Length of the Feed Line(a) 9 

Width of a feed line 1 

Length of the transformer (b) 9.2 

Width of the transformer (c) 5 

Length of the Complimentary Split 

Ring Resonator(d) 
10 

Width of the CSRR (e) 1 

Gap of the CSRR (G) 1 

Length of the slot (g) 16 

Width of the slot(f) 2 

 

The resonance frequency is given by the relation, 

 𝑓 =
𝑐0

0.89(𝐿+𝑊)√∈𝑟
. (1) 

In which, c0 is the velocity of light, while W and  

L indicate the width and length of the patch 

correspondingly, for a dielectric constant∈𝑟 . A length 

0.22 λ0 of CSRR metal from the mid-upper portion of the 

ground plane has been imprinted to produce a Defected 

Ground Structure groove on the ground plane, where  

λ0 is the free-space wavelength associated with the 

resonance frequency. The introduction of the defected 

ground structure adapts the bandpass and bandstop 

characteristics of the antenna, consequently leading to a 

display of new resonance behavior. A microstripline 

feeding technique is applied to feed the antenna structure. 

The parameters and dimensions details of the antenna are 

tabulated in Table 1. Equations (2)-(9) are used to extract 

equivalent circuit model values for the patch segment 

and defected ground structure [11], [12]: 
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In these equations, s is the length of stub; Z0 is the 

characteristic impedance, β is the wave number; CS is  

the capacitance of source; h is the thickness of substrate; 

while LDGS and CDGS are the values of inductance and 

capacitance of the Defected Ground Structure equivalent 

circuit, respectively. Furthermore, ω0 is the angular 

resonance frequency; yo is the distance from the patch 

edge to the feed point; and ωc is the angular lower 3-dB 

cut-off frequency. The coupling coefficient (K1) between 

the inductors is given by: 

 𝐾1 =
𝑓𝑒
2−𝑓𝑚

2

𝑓𝑒
2+𝑓𝑚

2 . (10) 

Here, fm and fe are the frequencies consistent to  

the upper and lower 6-dB points around the resonance 

frequency, and these positions are referred to as the 

magnetic and electric walls, respectively. Using equation  
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(10) a value of K1= 0.06 is obtained [13]. All known 

parameter values were substituted in equations (4)-(8), 

and the unknown parameters were found by the 

calculation - CDGS = 2.25 pF, RP = 59.8Ω, LDGS = 2.77 nH, 

CS = 22.5 pF, and LP = 0.62 nH; since fm and fe are  

2.25 GHz and 2.8 GHz respectively. Using the Advance 

Design System (ADS - 2017), the equivalent circuit 

model shown in Fig. 2 is simulated using the computed 

parameters. The reflection of measured coefficients (S11) 

and simulated results are compared with the response of 

the ECM as depicted in Fig. 7. Meanwhile, the mutual 

coupling between the defected ground structure and 

patch leads to a variation of the antenna input impedance, 

due to a modification of the ground distribution. The 

fringing field effect is altered by these distribution 

variations, thereby changing the effective dielectric 

constant. According to the equation (5), the effective 

dielectric constant is directly proportional to the square 

of the quality factor (Q). Furthermore, the quality factor 

is inversely proportional to the antenna’s bandwidth 

(BW), as can be observed from the relationship: 

 𝐵𝑊 = ((𝑉𝑆𝑊𝑅) − 1)/𝑄√𝑉𝑆𝑊𝑅. (11) 

Hence, effective dielectric constant changes due  

to the introduction of a Defected Ground Structure 

influence the antenna bandwidth and the quality factor. 
 

III. RESULTS AND DISCUSSION 

A. Impedance of input 

The computer-generated reactance (Xin) and input 

resistance (Rin) values with various defected ground 

structure placements are demonstrated in Fig. 3. The 

impedance of the antenna is matched to 50Ω through a 

quarter wave transformer. However, due to the resulting 

shape discontinuities, the antenna suffers from spurious 

radiations, which lead to increased cross-polarization. In 

this design, parallel slots are introduced near the edge 

feed to reduce cross-polarized radiation. The impact of 

shifting the CSRR defected ground structure to various 

positions is shown in Fig. 3 (a). The value of WSUB  

is set at 50 mm, following which the placement of the 

CSRR defected ground structure is altered according  

to the positions illustrated in Fig. 1 (c). The position 

corresponding to the best impedance match is identified. 

Fig. 3 (a)-inset shows the antenna rear view with the final 

proposed position. The recommended placement of the 

defected Ground structure is position PP, where the  

best value of Rin= 50 Ω and Xin = 0 are attained at the 

resonance frequency of 2.6 GHz. The variation in values 

of the input resistance trail the Gaussian distribution, 

whereas where the changes in the input reactance 

approximate a cosine distribution, which further clarifies 

the choice of the recommended placement. Variations  

in the current distribution on the ground cause the 

impedance value to increase or decrease, depending on 

the position of the CSRR. Here, the impact of surface 

current distribution on the fringing effect is low at 

different positions. However, a maximum distribution 

occurs at the proposed position because of proper 

impedance matching and less spurious radiation. The 

proposed location of the defected ground structure is 

further investigated with respect to its impact on the 

antenna reflection coefficient, as displayed in Fig. 4.  

 

 
 (a) 

 
 (b) 
 

Fig. 3. Impedance of the defected ground structure 

loaded antenna for various locations of CSRR on the 

ground plane: (a) input resistance (Rin), and (b) input 

reactance (Xin).  
 

 
 

Fig. 4. Differences in simulated reflection coefficients 

for position deviations of the defected ground structure. 
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In this study, it can be observed that the resonance 

frequency increases as the CSRR is shifted vertically 

downwards. In addition, shifting the CSRR position to 

the left or right of the center axis changes the anticipated 

resonance frequency, with lower levels of reflection 

coefficient attained in both cases than with vertical 

displacement of CSRR position. Therefore, the location 

of the defected ground structure plays a crucial role  

in input impedance matching. The cross-polarization 

performance is affected by the surface current distribution. 

The patterns of surface current distribution are likewise 

dependent on the position of the defected ground 

structure (i.e., CSRR+slots). An odd-symmetric pattern 

is needed to reduce the cross-polarization. As a result of 

proper impedance matching with respect to the CSRR 

position, the reflection coefficient and surface current 

distributions are optimum and hence the cross polarization 

performance changes. 

 

B. Distribution of surface current and performance 

of cross polarization 

In Fig. 5, the surface current vector for the proposed 

location of the defected ground structure is demonstrated. 

As a result of the inclusion of a defected ground 

structure, surface current distribution is altered. The 

defected ground structure location is adjusted to provide 

an odd-symmetric pattern in order to reduce the cross-

polarization. 

 
 

Fig. 5. Distribution of surface current vector and magnetic 

field paths of CSRR defected ground structure slots of 

proposed antenna. 

 

No other defected ground structure positions were 

observed to show the x-axis oriented odd-symmetric 

surface current paths in the H-plane, as depicted in Fig. 

6. Hence, the recommended defected ground structure 

positioned at middle leads to acceptable surface current 

vector distributions and lower levels of cross-polarization. 

There is no significance alteration in the observed co-

polarization patterns as a consequence of the positioning 

of the defected ground structure. However, the H-plane 

cross-polarization patterns posted significant changes. 

The proper termination of radiated fields for the 

recommended location of defected ground structure 

containing the CSRR shape leads to a regular cross-

polarization pattern in the H-plane, with a comparative 

decline in cross-polarization of 44 dB over ± 50°, 

compared to the other defected ground structure locations. 
 

C. Measurement results 

Using an appropriate experimental setup in order to 

authenticate the performance of the proposed prototype 

antenna, the reflection coefficient and the radiation 

patterns are measured after the model fabrication. Figure 

7 summarizes a comparison of simulated and measured 

reflection coefficients, with and without the Defected 

Ground Structure over an operating frequency range.  
 

 
 

Fig. 6. Patterns of co-polarization for the H- and E-planes 

and the patterns of cross-polarization for the H-plane. 
 

 
 

Fig. 7. Characteristics of S11 vs frequency, and gain vs 

frequency.         
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Table 2: Comparison of the performance of the proposed structure with related works 

 

From this result, it can be determined that, on 

introducing a Defected Ground Structure will make a 

change in the operational band of 2.62 GHz –2.70 GHz 

to 2.59 GHz–2.75 GHz. In addition, the resulting 

impedance matching upgrades the reflection coefficient 

from 30 dB (S11without Defected Ground Structure) to 

54 dB (S11 with Defected Ground Structure). A close 

agreement is observed between the results of ECM 

response and measured electromagnetic model as shown 

in Fig. 8. 
 

 
 

Fig. 8. Proposed antenna measured vs equivalent circuit 

model response (ECM). 
 

Over the whole functioning band, the advantage is 

in the range of tolerance and it demonstrates a maximum 

peak gain of 4.16dB at the resonance frequency. In  

this investigation, the improvement of bandwidth using 

defected ground structure, comprising of a CSRR and 

slots, is around 200 MHz. Although the level of bandwidth 

improvement is modest, this approach can be useful to 

the study of any defected ground structure shape to 

improve impedance matching, as well as increase 

microstrip patch antenna bandwidth. To further clarify 

the benefits of the proposed method over the earlier 

reported methods, the Table 2 shows that the proposed 

design is much simpler and can achieve greater levels of 

cross-polarization reduction, alongside a better matching 

of impedance. 

 

IV. CONCLUSION 
The applicability of a defected ground structure for 

better impedance matching and a lower level of cross-

polarization have been successfully studied. The use of 

an ECM enabled an understanding of the impact of the 

inclusion of a CSRR and slots as a defected ground 

structure on the rectangular microstrip patch antenna. 

The CSRR positioned at the mid-upper region of the 

ground plane was shown to offer improved impedance 

matching results, and a low, uniform cross-polarization 

over an angle range of ±50°.The achieved performance 

is encouraging when compared to the similar reported 

works. Finally, this study presents a useful insight to 

optimizing the location of a defected ground structure  

for a deliberate suppression of cross-polarization and 

impedance matching improvement. 

 

REFERENCES 
[1] L. I. Basilio, M. A. Khayat, T. Jeffery and J. T. 

Williams, “The dependence of the input impedance 

on feed position of probe and microstrip line-fed 

patch antennas,” IEEE Transactions on Antennas 

and Propagation, vol. 49, no. 1, pp. 45-47, 2001, 

doi: 10.1109/8.910528, 2001.  

[2] T. Samaras, A. Kouloglou, and J. N. Sahalos, “A 

note on the impedance variation with feed position 

of a rectangular microstrip-patch antenna,” IEEE 

S. No Methodology Frequency 

(GHz) 

Cross Polarisation 

Reduction (dB) 

Improvements in 

Impedance Matching (dB) 

Year 

[4] Pair of short pins 2.241,2.478 16 No data 2009 

[6] DGS+Slotted patch 2-21 
Reduced by H-Plane 

by 20 dB 

Impedance matching 

reduced after insert DGS 
2016 

[7] DGS 5.83-6.03 7-12 5.2 2016 

[8] DGS 9-10 15 Not mentioned 2014 

[9] Parallel slots as DGS 2.9,6 
For both band 15 dB 

reduction is achieved 
No data 2018 

[14] 

Horizontal meandered 

dipoles and vertical 

parasitic elements 

1.71-2.69 10 No data 2019 

Proposed 
CSRR+Slots parallel 

to feed line 
2.59-2.75 18.6 24 

ACES JOURNAL, Vol. 36, No. 6, June 2021723



Antennas and Propagation Magazine, vol. 46, no. 2, 

pp. 90-92, 2004, doi: 10.1109/Map.2004.1305543. 

[3] Y. Hu, D. R. Jackson, and J. T. Williams, 

“Characterization of the input impedance of the 

inset-fed rectangular microstrip antenna,” IEEE 

Transactions on Antennas and Propagation, vol. 

56, no. 10, pp. 3314-3318, 2008, doi: 10.1109/ 

Tap.2008.929532.  

[4] X. Zhang and L. Zhu, “Patch antennas with loading 

of a pair of shorting pins toward flexible impedance 

matching and low cross polarization,” IEEE 

Transactions on Antennas and Propagation, vol. 

64, no. 4, pp. 1226-1233, 2016, doi:10.1109/ Tap. 

2016. 2526079.  

[5] A. Kandwal, R. Sharma, and S. K. Khah, “Bandwidth 

enhancement using CSRR defected ground structure 

for a microstrip antenna,” Microwave and Optical 

Technology Letters, vol. 55, no. 10, 27836, 2013.  

[6] M. K. Khandelwal, B. K. Kanaujia, and S. Dwari, 

“Bandwidth enhancement and cross-polarization 

suppression in ultra wide band microstrip antenna 

with defected ground plane,” Microwave and Optical 

Technology Letters, vol. 56, no. 9, pp. 2141-2146, 

2014, doi: 10.1002/Mop.28499. 

[7] D. Guha, C. Kumar, and S. Pal, “Improved cross 

polarization characteristics of circular microstrip 

antenna employing arc shaped defected ground 

structure (Defected Ground Structure),” IEEE 

Antennas and Wireless Propagation Letters, vol.  

8, pp. 367-1369, 2009, doi: 10.1109/Lawp.2009. 

2039462. 

[8] C. Kumar and D. Guha, “Asymmetric geometry  

of defected ground structure for rectangular 

microstrip: A new approach to reduce its cross-

polarized fields,” IEEE Transactions on Antennas 

and Propagation, vol. 64, no. 6, pp. 2503-2506, 

2016, doi: 10.1109/Tap.2016.2537360.  

[9] M. I. Pasha, C. Kumar, and D. Guha, “Simultaneous 

compensation of microstrip feed and patch by 

defected ground structure for reduced cross-

polarized radiation,” IEEE Transactions on Antennas 

and Propagation, vol. 66, no. 12, pp. 7348-7352, 

2018, doi: 10.1109/Tap.2018.2869252.  

[10] A. Ghosh, S. Chakraborty, and S. Chattopadhyay, 

“Rectangular microstrip antenna with dumbbell 

shaped defected ground structure for improved 

cross polarised radiation in wide elevation angle 

and its theoretical analysis,” IET Microwaves, 

Antennas and Propagation, vol. 10, pp. 68-78, 

2016, doi: 10.1049/Iet-Map.2015.0179.  

[11] S. Chattopadhyay, M. Biswas, and J. Siddiqui, 

“Rectangular microstrips with variable air gap and 

varying aspect ratio: Improved formulations and 

experiments,” Microwave and Optical Technology 

Letters, vol. 51, no. 1, pp. 169-173, 2009, doi: 

10.1002/Mop.24025.  

[12] R. Garg, P. Bhartia, I. Bahl, and A. Ittipiboon, 

Microstrip Antenna Design Handbook. Boston - 

London: Artech House, 2001, Isbn-13: 978-

0890065136.  

[13] H. Hirayama, “Equivalent circuit and calculation 

of its parameters of magnetic-coupled-resonant 

wireless power transfer,” Kim, K. I. (Ed.) Wireless 

Power Transfer Principles and Engineering 

Explorations. Intech, pp. 117-132, 2012, Isbn: 978-

953-307-874-8. 

[14] O. M. Kadagan, C. Turkmen, and M. Secmen, 

“Base station antenna with enhanced cross 

polarization discrimination performance by using 

horizontal meandered dipoles and vertical parasitic 

elements,” Advanced Electromagnetics, vol. 8, no. 

2, pp. 28-38, 2019, doi: 10.7716/ aem.v8i2.989.  

 

 

 

 

N RajeshKumar is a Research 

Scholar pursuing his Ph.D. degree at 

Department of Electronics and Com-

munication Engineering, Annamalai 

University, Chidambaram, India. His 

current research interest includes 

antenna design and RF circuits. 

 

 

P. D. Sathya is an Assistant Profes-

sor in the Department of Electronics 

and Communication Engineering   

at Annamalai University, India.   

She obtained B.E. (Electronics and 

Communication), M.E. (Applied 

Electronics) and Ph.D. degrees from 

Periyar University, Anna University 

and Annamalai University in the years 2003, 2005 and 

2012, respectively. She has 15 years of experience in 

teaching and research & development with specialization 

in signal processing, image and video Processing and 

antenna design. She has published more than 50 research 

papers in reputed International Journals including Elsevier 

and Inderscience, has presented 30 and above papers in 

various International Conferences.  

 

Sharul Kamal Abdul Rahim 

received the degree in Electrical 

Engineering from The University of 

Tennessee, USA, the M.Sc. degree in 

Engineering (Communication Eng-

ineering) from Universiti Teknologi 

Malaysia (UTM), and the Ph.D. 

degree in Wireless Communication 

System from the University of Birmingham, U.K., in 2007. 

After his graduation from The University of Tennessee, 

 
RAJESHKUMAR, SATHYA, RAHIM, ETENG: REDUCED CROSS-POLARIZATION PATCH ANTENNA 724



he spent three years in industry. After graduating the 

M.Sc. degree, he joined UTM in 2001, where he is 

currently a Professor with the Wireless Communication 

Centre. He has published over 200 learned papers, 

including the IEEE Antenna and Propagation Magazine, 

the IEEE Transactions on Antenna and Propagation, 

IEEE Antenna and Propagation Letters, and taken 

various patents. His research interests include antenna 

design, smart antenna system, beamforming network, 

and microwave devices for fifth generation mobile 

communication. He is a Senior Member of IEEE 

Malaysia Section, a member of the Institute of Engineer 

Malaysia, a Professional Engineer with BEM, a member 

of the Eta Kappa Nu Chapter, University of Tennessee, 

and the International Electrical Engineering Honor 

Society. He is currently an Executive Committee of the 

IEM Southern Branch. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Akaa Agbaeze Eteng obtained a B. 

Eng. degree in Electrical/Electronic 

Engineering from the Federal 

University of Technology Owerri, 

Nigeria in 2002, and a M.Eng. 

degree in Telecommunications and 

Electronics from the University of 

Port Harcourt, Nigeria in 2008. In 

2016, he obtained a Ph.D. in Electrical Engineering from 

Universiti Teknologi Malaysia. Currently, he is a 

Lecturer at the Department of Electronic and Computer 

Engineering, University of Port Harcourt, Nigeria. His 

research interests include wireless energy transfer, radio 

frequency energy harvesting, and wireless powered 

communications. 

ACES JOURNAL, Vol. 36, No. 6, June 2021725



 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: all odd numbered pages
     Font: Times-Roman (unembedded) 8.0 point
     Origin: top right
     Offset: horizontal 43.20 points, vertical 26.64 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20210723150535
      

        
     1
     1
     
     TR
     
     1
     1
     1
     0
     0
     610
     TR
     1
     0
     0
     320
     177
     0
     1
     R0
     8.0000
            
                
         Odd
         7
         AllDoc
         174
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     43.2000
     26.6400
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     214
     212
     e1ff76cc-c4d9-4c57-a04c-02b5eeb2360d
     107
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: all even numbered pages
     Font: Times-Roman (unembedded) 8.0 point
     Origin: top left
     Offset: horizontal 43.20 points, vertical 26.64 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20210723150542
      

        
     1
     1
     
     TL
     
     1
     1
     1
     0
     0
     610
     TR
     1
     0
     0
     320
     177
     0
     1
     R0
     8.0000
            
                
         Even
         7
         AllDoc
         174
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     43.2000
     26.6400
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     214
     213
     828e65ea-717b-466d-8776-14b6308eea3a
     107
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 138 to page 214; only odd numbered pages
     Font: Times-Roman (unembedded) 8.0 point
     Origin: top right
     Offset: horizontal 43.20 points, vertical 26.64 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20210723160607
      

        
     1
     1
     
     TR
     
     1
     1
     1
     0
     0
     747
     TR
     1
     0
     0
     101
     71
     0
     1
     R0
     8.0000
            
                
         Odd
         138
         SubDoc
         214
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     43.2000
     26.6400
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     137
     214
     212
     c935725d-b923-474b-a5c4-ce36bf11c539
     38
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 138 to page 214; only even numbered pages
     Font: Times-Roman (unembedded) 8.0 point
     Origin: top left
     Offset: horizontal 43.20 points, vertical 26.64 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20210723160613
      

        
     1
     1
     
     TL
     
     1
     1
     1
     0
     0
     747
     TR
     1
     0
     0
     101
     71
    
     0
     1
     R0
     8.0000
            
                
         Even
         138
         SubDoc
         214
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     43.2000
     26.6400
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     137
     214
     213
     8bdc5eba-28db-4d35-b188-8d048733425c
     39
      

   1
  

 HistoryList_V1
 qi2base





