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Abstract 

In this article, a miniaturized and meander line slot loaded rectangular planar patch antenna using 

DGS for S, C and ku-band application is proposed. A new design of Inverted U- shaped defected 

ground structure is employed in the ground plane. To attain this goal, at first, we design a simple 

conventional planar   antenna (Ant#1) which operates a t16  GHz    with    a    return loss     (S11)   

of −34.97 dB.  To get miniaturization of 78.12%, 22.8% and 55% , an inverted U- shaped 

defected ground structure resonates at 3.5GHz  single band frequency with    a    return loss     

(S11)   of -28.79 dB. (Ant#2), and meander line slot loaded Rectangular Planar Patch Antenna 

Using modified DGS is designed (Ant#3), which operates at   dual-band frequencies 7.18 GHz 

and 12.35 GHz with a    return loss     (S11) of, −21.55 dB and −25.79, respectively, is presented. 

The proposed antenna is designed on a Roger RT Duroid substrate with thickness 0.8 mm and 

dielectric constant 2.2.The Entire size of antenna is 16 X 16 mm2 and it is simulated by two 

distinct solvers HFSS and ADS layout. 

 

KEYWORDS: Microstrip patch antenna, Defected Ground Structure (DGS), meander line slot, 

dual-band HFSS and ADS. 

 

 

1. INTRODUCTION 

  

 The demand for compact size and miniaturized 

antennas has brought a significant focus in 

modern wireless communication systems. An 

electrically small antennas are especially 

preferred for the concept of miniaturization 

antenna with Ka≤1.0, where K is the wave 

number (K = 2π/λ) and a is sphere radius which 

enclosing the antenna is expressed [1].There are 

various miniaturization methods mentioned 

below to improve the antenna performance like 

Slot, Strip, Slit and Loop Loading Techniques 

used on the ground and patches [2, 3]. A 

miniature Patch Antenna Using Defected 

Ground Structures (DGS) [4], Different shapes 

or structures such as Half U-Slot and Half E-

Shaped Patch Antennas with proper location 

used for miniaturization [5]. This in turn to 

introduce meander line slot loaded antennas [6-

9] have been investigated for wireless 

communication. The patch electrical length can 
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be increased by loading meander line slot in the 

patch. So this leads the patch resonates at lower 

frequency and the antenna size can be reduced 

such methods have been used in a microstrip 

patch antenna which shows a significant 

reduction in the antenna size [10]. A 

miniaturized antenna based on fractals [11], 

Electromagnetic Band Gap (EBG) [12], SRR 

structure [13], metamaterial [14] and array is 

suggested [15]. 

 

Defected Ground Structure (DGS) is simple and 

has been employed as a technique for 

improving different characteristics of 

microwave planar circuits. It contains several or 

single defects on the ground plane. The 

different shapes of DGS schematics are shown 

in the Fig. 1 and it includes simple structures 

such as meander lines  spiral-shaped, 

interdigital,  arrow head dumbbell, dumbbell-

shaped, split-ring resonators, concentric ring 

shaped fractal, square slots, L-shaped. [25] 

      Figure 1. A few structures of DGS [34] 

Basically, we have followed the literature 

study with respect to miniature concepts, 

which operates in single operating bands. So 

this article presents a new miniaturized and 

meander line slot loaded rectangular planar 

patch antenna using HFSS and ADS Layout. 

The aim of proposed antenna design is based 

upon chu-limit which consists of compact size 

and it is operating at single and dual band 

frequencies at 3.5GHz, 7.18 GHz and 12.35 

GHz, respectively, is achieved for S, C and 

ku-band application. The proposed antenna 

with specific literature DGS based shows in 

the Table 1. 

2. A MINIATURIZED ANTENNA 

DESIGN CONFIGURATION    

A planar antenna with inset feed operates at 16 

GHz in Ku-band is presented in Fig2. At first, we 

planned to design and analyze of a basic patch 

antenna (Ant#1) from hypothetical formulas [22-

25].These are calculated from following 

equations 1 to 4.  
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The suggested planar antenna is printed on a 

Roger RT Duroid substrate with 0.0009 loss 

tangent (tan δ), permittivity of 2.2, and an entire 
area of antenna is16 X 16 X 0.8 mm3. 

 

Table1.  Comparison of different literature study with proposed antenna. 
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Basically, the etched off aperiodic and periodic 

structures as defects in the metallic ground 

plane of microwave planar devices are known 

as DGS. This will bring major attraction to the 

microwave researchers. By utilizing these 

periodic structures, higher degree of 

miniaturization with greater slow wave rate is 

obtained. Repetition of single or multiple 

defects with a limited distance is known as 

periodic shaped structures. When DGS is 

employed with a microstrip patch antenna, the 

defect structure is etched off on the ground 

plane which interrupts its current distribution. 

This interruption produces meandered in the 

current distribution.it leads to change the values 

of line inductance and capacitance [16] 

Secondly, a novel design of Inverted U- shaped 

DGS is employed on the ground plane (Ant#2) 

which resonates the antenna with single band at 

lower frequency (3.5GHz) for WiMAX 

application. So here we introduced miniature 

concept leads to shift the frequency from high 

to low without changing the dimensions of 

suggested antenna. The basic principle of 

miniaturization is to accomplish switching of 

frequency from Ku band (f1) to S, X and ku-

bands (f2). 

The miniaturization factor [26] is given in 

Equation (5). 

            m=
f2f1                                             (5) 

After  achieving above model, thirdly we 

introduced  modified DGS with meander line 

slot load Antenna (Ant#3)  for dual band 

application. These meandering line forces 

controls the flow of current to the entire path 

that increases an electrical length of current 

(βl), which reduces the resonant frequency from 

Ref. 

 

Techniqu
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Substrate 

material 

 

Thickness of 

substrate/ 

Dielectric 

constant 

Antenna size 

(mm3) 

Switchin

g 

Resonant 

Frequenc

y GHz 

Miniatur

ized 

Percenta

ge 

 

Applicat

ion 

[16]  DGS FR4 1.58 mm/ 4.3     13 X 12 

X1.58 

5.7  to 3 47.36 WiMAX 

[17]  DGS FR4 1.6 mm/ 4.4 34  X 34 X 

1.6 

5.8  to 2.5 56.89 ISM 

[18]  DGS FR4 1.6 mm/ 4.4 27.9  X  

35.75 X 1.6 

5.8  to 

2.45 

57.77 ISM 

[19]  DGS FR4 1.6 mm/ 4.4 34 X 34 X 

1.6 

5.8  to 

2.45 

57.77 ISM 

[20]  DGS FR4 1 mm/ 3.3 11.5 X 10.5 

X 1 

7.4 to 5.4 27.02 ISM 

[21]  DGS FR4 1.6 mm/ 4.4 27  X 30 X 

1.6 

10  to 3.5 65.0 WiMAX 

Propo

sed 

syste

m 

DGS and 

meander 

line slot 

Rogers 

RT/ 

Duroid 

5880, 

0.8mm/2.2 16 X 16X 0.8 16  to 

3.5,7.18  

and 12.35  

78.12%, 

22.8% 

and 55% 

 Wireless 

data 

transmiss

ion 
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16 to 3.5GHz, 7.18 GHz and 12.35 GHz 

respectively. A miniaturized dual-band antenna 

is designed that satisfy a Chu-limit given in 

Equation (6). 

3)(
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Q
kk

Chu +=                                           (6)

                                  
The dimensions of the proposed antenna are listed 

in the Table 2. Figure 3 shows pictorial 

representations of iterations of antenna.

 

Table2. The optimized dimensions of the proposed antenna [mm] 
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7.85 0.9 0,5 5.85 5 1.75 15 5.6 4.7 

d e f g h i j Wg Lg 

2.43 7.05 10.46 4.6 1.25 2.41 4.2 16 16 
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  (c)                                                                       (d) 

Figure2 (a) Top view of planar antenna (Ant#1), (b) Bottom view of miniaturized antenna with only 

inverted U- shaped DGS (Ant#2), (c) back view of modified DGS (Ant#3). 

 

3. RESULTS AND DISCUSSIONS  

The simulated return loss (S11) of steps involved 

in designing a miniaturized dual-band antenna 

is presented by using ADS and HFSS as shown 

in the Figure 4. It yields good impedance 

matching at 16GHz with a small change in ADS 

as compared with HFSS solver. The reflection 

coefficient of Inverted U- shaped defected 

ground structure, modified DGS and modified 

DGS and meander line slot gives good 

matching at 3.5 GHz .7.18 GHz and 12.35 GHz 

with  a    return loss     (S11) of -28.79 dB, 

−21.55 dB and −25.79dB, respectively ,is 

obtained. 

Figure 4 simulated return loss for proposed antenna  

.               
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                                           (g)                                                                       (h)                                                               

Figure5 (a) & (e) The distribution of Surface current and three dimensional gain plot at 16 GHz without 

DGS (Ant#1); (b)&(f) at 3.5GHz with only DGS(Ant#2); (c)&(g) at 7.3GHz with modified DGS 

(Ant#3);(d)&(h) at 7.18GHz and 12.35GHz with modified DGS and meander line slot
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                                                                                     (b)                                                                           

Figure6 (a) Simulated E-Field radiation patterns (b) Simulated H-Field radiation patterns 

Table2.  Comparison between various parameters of proposed antenna. 

The distribution of different surface currents 

and three dimensional gain plots were 

observed in the Figure 5a-h.The E-plane is 

consists of electric field vector and 

maximum radiation at particular direction. 

Similarly, H-plane which consists of 

magnetic field vector and also exists 

maximum radiation at particular direction. 

The radiation patterns of H-plane (ϕ=90) 

and E-plane (ϕ=0)   of the miniaturized dual-

band antenna is presented in the Fig. 6. 

 

 

4. CONCLUSION 

In this paper, we have designed, analyzed and 

simulated. A new novel  dual-band 

miniaturized antenna for S,C and ku-band 

applications is designed using DGS and 

meander line slot rectangular planar patch 

Type of Antenna 
Resonant 

frequency 

(GHz

) 

Gain 

(dB) 

Return 

loss 

(dB) 

Directivit

y  

(dB) 

Bandwidth  

(GHz) 

VSWR 

 Patch without DGS 16 8.14 -34.97 8.14 0.81 1.04 

Patch with inverted U shaped 

DGS 

3.5 4.93 -28.79 4.89 0.21 1.07 

Patch with modified DGS 7.3     3.16   -27.10     3.24      0.40   1.09 



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 

Research Paper   © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 12, Iss 04, 2023 

 

1185 

 
 

antenna that operates 3.5GHz,7.18 GHz 

and12.35 GHz with  a    return loss     (S11) of 

−30.76, −21.55 dB and −26.87, respectively as 

well as a miniaturization of 78.12%, 22.8% and 

55% respectively, is achieved successfully. 

 

REFERENCES 

[1] Erentok A, Ziolkowski RW, “Metamaterial-

inspired efficient electrically small 

antennas” IEEE Trans Antennas 

Propagation”. 2008; 56 (3):691-707. 

[2] SK. Moinul Haque and Khan Masood 

Parvez, “Slot Antenna Miniaturization 

Using Slit, Strip and Loop Loading 

Techniques”, IEEE 2016. 

[3] Seyed Saeed  Mirmosaei, Seyed Ebrahim 

Afjei, Esfandiar Mehrshahiand Mohammad 

M. Fakharian “A dual band-notched ultra-

wideband monopole antenna with spiral-

slots and folded SIR-DGS as notch band 

structures”, International Journal of 

Microwave and Wireless Technologies 

2015. 

[4] Kakani Suvarna, Nallagarla Rama. 

Murthy, and Dupakuntla Vishnu 

Vardhan, “A Miniature Rectangular Patch 

Antenna Using Defected Ground 

Structure for WLAN Applications,” 

Progress In Electromagnetics Research C, 

Vol. 95, 131–140, 2019. 

[5] Ricky Chair, Chi-Lun Mak, Kai-Fong Lee, 

Kwai-Man Luk, and Ahmed A. Kishk, 

“Miniature Wide-Band Half U-Slot and 

Half E-Shaped Patch Antennas”, IEEE 

TRANSACTIONS ON ANTENNAS AND 

PROPAGATION, VOL. 53, NO. 8, 

AUGUST 2005. 

[6] J.H. Lu and K.L. Wong, “Slot-loaded, 

meandered rectangular microstrip antenna 

with compact dual-frequency operation”, 

Electron Letters 34(1998), 1048–1049. 

[7] H.Y. Wang and M.J. Lancaster, “Aperture-

coupled thin-film superconducting meander 

antennas”, IEEE Trans Antennas 

Propagation 47 (1999), 829–836. 

[8] H.Y. Wang, J. Simkin, C. Emson, and M.J. 

Lancaster, “Compact meander slot 

antennas”, Microwave Optical  Technology 

Letters 24 (2000), 377–380. 

[9]  J.M. Kim, K.W. Kim, J.G. Yook, and H.K. 

Park, “Compact stripline-fed slot antenna, 

Electron Letters” 37 (2001), 995–996. 

[10] Ghriti Khanna, Narinder Sharma, 

“Fractal Antenna Geometries: A 

Review,” International Journal of 

Computer Applications (0975 – 8887), 

Volume 153 – No7, November 2016. 

[11] Sedghi MS, Naser-Moghadasi M, Zarrabi 

FB. “Microstrip antenna miniaturization 

with fractal EBG and SRR loads for linear 

and circular polarizations”. International 

Journal of Microwave Wireless 

Technology. 2017; 9(4): 891-901. 

[12] Omid Borazjani, Mohammad Naser-

Moghadasi, Jalil Rashed-Mohassel,and 

Ramezad Ali Sadeghzadeh, “Design and 

Fabrication of A New High Gain 

Multilayer Negative Refractive Index 

Metamaterial Antenna for X-band 

Applications, “wiley, International 



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 

Research Paper   © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 12, Iss 04, 2023 

 

1186 

 

 

 

 

Journal of  RF and Microwaves 

computer Aided Engineering, 26 April 

2020 

[13]  Jumail Soba, Chairunnisa, Achmad 

Munir, “Dual-band Patch Antenna 

Incorporated with SRR for GPS and 

WLAN Application” IEEE 2017. 

[14] G. M. Asadullah, Md Rafiqul Islam, 

Md. Shazzadul Islam and M. M.Hasan 

Mahfuz, “A Circular Equivalent Planar 

Array Configuration for 5.8GHz Radar 

Application,” AIP Conference 

Proceedings • March 2020. 

[15] K. Prahlada Rao, Vani R.M, P.V. 

Hunagunda “Planar Microstrip Patch 

Antenna Array with Gain Enhancement” 

Procedia Computer Science 143 (2018) 

48–57. 

[16] Elftouh, H., N. A. Touhami, and M. 

Aghoutane, “Miniaturized Microstrip 

Patch Antenna with Defected Ground 

Structure,” Progress In Electromagnetics 

Research C, Vol. 55, 25–33, 2014. 

[17] Er-Rebyiy, R., J. Zbitou, M. Latrach, 

A. Tajmouati, A. Errkik, and L. El 

Abdellaoui, “New Miniature Planar 

Microstrip Antenna Using DGS for ISM 

Applications,” TELKOMNIKA, Vol. 15, 

No. 3, 1149–1154, Sep. 2017. 

[18] Ghaloua, A., J. Zbitou, L. El 

Abdellaoui, and M. Latrach, “A 

miniature circular patch antenna using 

defected ground structure for ISM band 

applications,” ICCWCS’17, Larache, 

Morocco, Nov. 14–16, 2017. 

[19] Er-Rebyiy, R., J. Zbitou,M. Latrach, 

A. Tajmouati, A. Errkik, and L. El 

Abdellaoui, “A Novel Design of a 

Miniature Low Cost Planar Antenna for 

ISM Band Applications,” ICCWCS’17, 

Larache, Morocco, Nov. 14–16, 2017. 

[20] A .Mouhssine, Z. Doulfakar, R. 

Dakir, A. Erkkik,M. Latrach“ A New 

Compact and Miniaturized CPW 

Antenna With DGS and Paper Substrate 

for ISM Band Application” ICCWCS'17, 

November 14–16, Larache, Morocco 

2017. 

[21] Er-Rebyiy, R., J. Zbitou, A. 

Tajmouati, M. Latrach, A. Errkik, and L. 

El Abdellaoui, “A New Design of a 

Miniature Microstrip Patch Antenna 

Using Defected Ground Structure DGS,” 

IEEE, 2017. 

[22] Huang, Y. and K. Boyle, Antennas 

from Theory to Practice, A John Wiley 

and Sons, Ltd., Publication, 2008. 

[23] Bahl, I. J. and P. Bhartia, Microstrip 

Antennas Dedham, Artech House, 1980. 

[24] Balanis, C. A., Antenna Theory: 

Analysis and Design, 3rd Edition, Wiley, 

2005. 

[25] Debatosh Guha, Yahia M.M. Antar 

“Microstrip and Printed Antennas New 

Trends, Techniques and Applications” 



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 

Research Paper   © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 12, Iss 04, 2023 

 

1187 

 
 

John Wiley & Sons Ltd, 2011. 

[26] Volakis John L, Chi-Chih C, Kyoheim 

F. Small antennas: miniaturization 

techniques and applications. New York 

(NY): McGraw-Hill; 2010. 


	MINIATURIZED RECTANGULAR PLANAR PATCH ANTENNA USING DGS FOR WIFI APPLICATION
	P Sai Subha
	In this article, a miniaturized and meander line slot loaded rectangular planar patch antenna using DGS for S, C and ku-band application is proposed. A new design of Inverted U- shaped defected ground structure is employed in the ground plane. To atta...
	1. INTRODUCTION

