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Abstract: In this paper, a microstrip antenna is presented. It has 

an H-shaped patch which uses meandered slots an H-shaped DGS 

beneath the microstrip line to support multiband operation with 

enhanced bandwidth. The simulated and measured results are 

plotted to see the performance of the antenna in terms of S11 

parameter. The proposed designed resonates at 3.56, 8.04 and 

10.57 GHz with a peak gain of 8.39 dB with considerable 

impedance bandwidth and return loss values at the desired 

bands. The radiation pattern plots show the conformability with 

the application it is designed for.  The planar structure with a 

water-resistant substrate makes it suitable for weather radar and 

other 5G applications. 

Keywords: Defected ground structure (DGS), meandering, MSA: 

microstrip antenna, transverse-electromagnetic mode (TEM). 

I. INTRODUCTION 

With constant increase in device usage and dependency on the 

technology, demand for robust and fast communication 

systems has encouraged development of compact antennas. 

Performance characteristics of a communication system is 
strictly dependent on the antenna type as well as on its size and 

placement in the system. With a paradigm shift in the 

utilization of devices, miniaturized antenna modelling has 

evolved as a prime research area. Other than the compact size 

constraint, designing antenna with wide bandwidth and ability 

to cover multiple bands has also taken an exponential leap. In 

order to fit all this in one frame microstrip antennas offer the 

best performance as it is light weight, easy to mass produce, 

compact and is conformable. With shift into the microwave 

and mm-wave range, frequency of operation is increasing 

thereby reducing the antenna size, hence MSA’s(microstrip 

antennas) offer best performance.Conventional MSA’s are by 
default narrowband, have single resonating frequency, low 

impedance bandwidth, low gain, larger size and polarization 

issues. Different techniques have been proposed in the 

literature to resolve these constraints. For instance, using 

different patch shapes, meandering, slotting, parasitic patches, 

implementing DGS (Defective ground structures), frequency 

selective surfaces, electromagnetic band gap, photonic band 

gap structures, metamaterials, different feeding techniques and 

so forth. 
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Different shapes of patch have been adopted for improving the 

characteristics of an MSA. As in [1], changing the patch shape 

results in quality factor reduction, which leads to improved 

bandwidth of antenna, whilst maintaining the planar structure 

and conformability. Juhua Liu, Shaoyong Zheng, Yuanxin Li, 

and Yunliang Longin [2] proposed a center fed circular patch 

antenna with vias, leading to improvement in polarization 

diversity with return loss at -25dB. S.W lee, Y.J Sung in [3] 
proposed a reconfigurable antenna rhombus shaped patch 

antenna with Y-shaped feed for polarization diversity. Both the 

designs in [2] and [3] offered an improved polarization but 

support only single frequency band of operation. Implementing 

a different feeding technique also aids to the improvement of 

performance of a microstrip patch antenna. As proposed in [4] 

a differential feeding technique is used to enhance the radiation 

efficiency of a microstrip patch antenna.  In this [4] case the air 

gap between the ground and patch results in size increment. 

Similarly, a SIW patch antenna [5] results in better return loss 

parameters and improved impedance bandwidth by 
compromising the cost effectiveness and simple structure of a 

microstrip patch antenna. 

Multiple band coverage with a considerable bandwidth is 

introduced in the MSA by introducing slots and meandered 

slits. A compact wideband dielectric resonator antenna with 

meandered slot ring and cavity backing is proposed in [6] 

enabling animproved radiation efficiency. 

Chow-Yen-Desmond Sim, Tuan-Yung Han and Yan-Jie Liao, 

proposed a Frequency Reconfigurable Half Annular Ring Slot 

Antenna design in [7] capable of covering multiple frequencies 

starting from 2GHz until 4.5GHz only. Jiade Yuan, Jiamin 

Zheng, and Zhizhang (David) in [8] proposed a Compact 
Meandered Ring Antenna Loaded with Parasitic Patches and a 

Slotted Ground for Global Navigation Satellite Systems 

(GNSS), with two orthogonal coupling feed lines fed through 

coaxial probe covering band 1561-1612 MHz, 1566-1594 

MHz. this type of antenna is not suitable for higher frequency 

operations.Consequently, loading patch antennas with 

metamaterials improves the gain and bandwidth [9] but overall 

complexity in increased considerably. Along with meandering 

and slotting the patch of a MSA, introducing a defect in ground 

structure (DGS) can bring up a 

drastic improvement in the 
structure. Single or multiple 
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defects can be considered as DGS [10]. On the choice of type 

of application relevant type of DGS can be implemented [11]. 

As suggested in [12], a ground slotted antenna is proposed 
which is capable of covering X-band with 2.74Ghz of 

bandwidth and a considerable gain of 7.8dBi. However, the 

size of the proposed design is relatively large and also antenna 

is covering only one band. 

In this pa*(per a noveldesign of H-shaped patch MSA with 

coaxial feed is presented in which the patch shape is modified 

by meandering and slotting. An H-shaped defected ground 

structure has been introduced beneath the microstrip line 

contributing to an improved return loss (S11) response. The 

antenna creates multiple resonances at C band by resonating at 

8.05GHz with 847MHz bandwidth and X band by resonating 

frequency at 10.57GHz with 653 MHz bandwidth, with peak 
gain of 8.39 dB at 10.57Ghz. Thereby the antenna is capable of 

covering a wide range of frequencies and qualifying for 5G 

applications. 

II. ANTENNA DESIGN 

 

 

 

 

 

 

 

 

 

 

 

(a)                                      (b) 

Figure 1: Proposed antenna a) Front View b) Back View 

 

The final geometry of the proposed microstrip antenna is 
shown in fig.1. It comprises of a patch on one side of the 

substrate and ground on the other. It constitutes a planar 

structure mounted on a DupontTM Tefzelsubstrate with 

permittivity 2.3 and loss tangent of 0.019 at 3GHz with 

dimensions of Lg×Wg×h. An H-shaped patch of copper with 

thickness t is mounted on the one side of substrate with 

dimenions Lp×Wp which are calculated using transmission line 

analysis and equations of rectangular patch antenna [13]. 

Under this model, the patch antenna is represented in the form 

of two slots of width W and height h separated by length of L.  

The electric field is confined majorly to the dielectric substrate 

whereas some parts of it are in air, as a result fringing takes 
place. Thus, the transmission line cannot support the 

transverse-electromagnetic mode (TEM) mode as phase 

velocities differ in both the media (air and  
(a)            (b) 

Figure 2: Formation of (a) radiating slots, (b) field lines in the 

microstrip antenna [13]. 

substrate) and an effective relative permittivity       is 

calculated as specified in (1). Consequently, in order to account 

TM10 mode, the effective length of patch is calculated as 

specified in (3), where ∆L is given in (2) and L is selected to be 
slightly less than λ/2, where λ is the wavelength in dielectric 

medium and is equal to λ0/     . TM10 mode implies that the 

field varies as only one cycle of λ/2 along the length and there 

is no variation along the width of the patch. Also, the width of 

the patch is specified according to the frequency of operation 

given in (5). 

       
    

 
  

    

 
     

 

  
 
 

         

         
           

             

 
  

 
       

 
 

 
     

     

Effective length of patch 

              

For a given resonant frequency, effective length is given as 

     
 

         
     

Effective Width of the Patch is given as 

   
 

    
      

 

     

The patch comprises of meandered lines of area Lmv×Wmv 

along the center and vertical slots along the edges with 

dimensions Lv×Wv. The two U-shaped slots of dimension 

Lu×Wu are also etched at a distance of 20mm from top and 

bottom edge. The antenna is excited with a coaxial feed with 

inner and outer diameter of 0.6 mm and 2.1mm located at 
(7,16). A PEC (Perfect Electric Conductor) ground with 

thickness t is formed on the other side of substrate sheet with 

dimensions Lg×Wg×t. A Defected Ground Structure is 

introduced by loading an H-shaped slot in the ground plane. 

Two U-shaped slots of equal dimension Lug×Wug are cut from 

rectangular slot with dimension Lgp×Wgp to form an H-shaped 

DGS. The final dimensions of various parameters are listed in 

TABLE1.1. All the specifications are decided using the 

transmission line model [14]. 

Table-1.1 

Optimized Geometric Parameters (Unit:mm) 

 

Parameters Values (inmm) 

Lp 37 

Wp 28 

Lg 51 

Wg 42 

h 2.3 

Lv 28 

Wv 2 

Lmv 19 

Wmv 1.3 

Lu 8 

Wu 9 

Lug 5 

Wug 5 

t .03 
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III. PARAMETRIC STUDY 

Various parameters of antenna structure are varied and a 

parametric study is carried out in terms of geometrical and 

structural variations. The effect of these parametric variations 
on the performance of the antenna are observed in terms of S11 

and impedance bandwidth. 

Structural variations include altering the shape of microstrip 

patch element from a rectangle to H-shape, by etching two 

U-shaped slots at a distance of 20mm along the length. 

Similarly, this modified H-shaped antenna is further loaded 

with slots along the edges and middle of the patch. As a result, 

a significant improvement in return loss response is observed 

as specified in fig.5. 

A. It is observed that initially designed rectangular 

antenna as shown in fig.3 do supports multiband 

operation with resonating frequencies of 2.52GHz 
(bandwidth and return loss of 82MHz and -20.44dB), 

3.15 GHz (bandwidth and return loss of 112MHz and 

-16.5dB), 4.12 (bandwidth and return loss of 89MHZ 

and -14.13dB) and 8.36 GHz (bandwidth and return 

loss of 244MHz and -14.15).  

B. Secondly, by transforming this rectangular antenna 

into H-shaped antenna as shown in fig.4 it is 

observed the resonating frequencies 3.15, 4.15 and 

8.36GHz tend to vanish and antenna resonates at two 

different set of frequencies that are 2.56GHz (with 

bandwidth of 211MHz and return loss of -16.66dB) 
and 6.98GHz (with bandwidth of 180MHz and return 

loss of -26.04dB). 

C. n the final proposed design as shown in fig.5 the 

resonating frequencies 3.56GHz, 8.04GHz and 

10.57GHz are achieved supporting bandwidth of 

50MHz,853MHz and 633MHz along with return loss 

of -28.12dB, -42.88dB and -41.59dB. By etching the 

slots onto radiating patch of MSA, shield current gets 

re-distributed as result of which the characteristic 

parameters of the antenna such as impedance 

bandwidth, return loss, directivity tends to change. 

Geometrical variations: Geometrical variations are carried 

out to see the effect of variation in dimension of different 

parameters on the antenna performance.  It includes varying 

the feed point location, length of slots, meandered lines and 

defective ground structure. A summary of effect of parametric 

variations on return loss is given as under. 

A. Variation in length of vertical slot lines (Lv):Itis 

observed that as length of the slot lines is increased by 

the edges from 20mm to 28mm, the entire S11 

response tends to shift towards the left side. The best 

response is chosen according to the peak gain of 

8.8dBi and return loss of -45dB as shown in fig.6. 

B. Variation in Coaxial Feed location: Referring to 

fig.7 it is inferred that by shifting the feed point 

location towards the edges, promotes multiple 

resonant frequencies. No major variation is observed 

by moving the feed point along the y-axis. As for the 

case of x-axis, by keeping the feed location near to the 

origin the resonating frequencies around 3.8 and 5.5 

GHz tend to vanish. However, asthe point is shifting 

towards negative of the axis, three different 
resonating frequencies namely 3.05, 8.10 and 10.04 

Ghz with considerable impedance bandwidth tend to 

arise. 

C. Variation in Length of DGS(Lgp): As shown in 

fig.8, with increase in the length of DGS there is no 

effect on the resonating frequencies, but the return 

loss is directly affected. Larger the length of DGS 

better is the return loss. With S11 of -21dB at length 

10mm and -45dB at length 15mm for the resonating 

frequency 10.05Ghz. 
D. Variation in length of U-shaped slots of DGS(Lug): 

Another important shift in the antenna return loss response 
is observed by altering the length of DGS u-shaped slots 
(referring to fig.9). These slots tend to form the H-shaped 
structure. By increasing the length of DGS slots from 5mm 
to 10mm a fair shift in the s-parameter characteristics is 
observed. At 10mm length, only single resonating 
frequency of 8.05Ghz with a return loss of -38dB is 

observed, whereas at 5mm three different resonating 
frequencies with 3.05, 8.02 and 10.52 with return loss of 
-30dB, -21dB and -26dB is obtained. Therefore, by 
increasing the length of U-slots to value of 10mm multiband 
operation is lost 

amely 3.05, 8.10 and 10.04 Ghz with considerable 

impedance bandwidth tend to arise. 

E. Variation in Length of DGS(Lgp): As shown in 

fig.8, with increase in the length of DGS there is no 

effect on the resonating frequencies, but the return 

loss is directly affected. Larger the length of DGS 

better is the return loss. With S11 of -21dB at length 

10mm and -45dB at length 15mm for the resonating 
frequency 10.05Ghz. 

F. Variation in length of U-shaped slots of DGS(Lug): 

Another important shift in the antenna return loss 

response is observed by altering the length of DGS 

u-shaped slots (referring to fig.9). These slots tend to 

form the H-shaped structure. By increasing the length 

of DGS slots from 5mm to 10mm a fair shift in the 

s-parameter characteristics is observed. At 10mm 

length, only single resonating frequency of 8.05Ghz 

with a return loss of -38dB is observed, whereas at 

5mm three different resonating frequencies with 3.05, 

8.02 and 10.52 with return loss of -30dB, -21dB and 
-26dB is obtained. Therefore, by increasing the length 

of U-slots to value of 10mm multiband operation is 

lost. 
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Figure 3: Initial Rectangular patch Antenna and its corresponding Return Loss (S11 parameter) response. 

 

 

 

 

 
 

 

 

 

 

 

Figure 4: Modified antenna with an H-shaped patch and its corresponding Return Loss (S11 parameter) 

 
 
 
 
 
 
 

 
 
 
 
 

 
 

Figure 5: Final proposed Antenna and its corresponding Return Loss (S11 parameter) response 

 

 

 

 

 

 

 

 

 

 

Figure6: Effect of variation in length of vertical slot lines (Lv) 
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Figure7: Effect of variation in Coaxial Feed location 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Effect of variation in Length of DGS(Lgp) 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 9: Effect of variation in length of U-slots (Lug). 

 

 

 

 

 

 

 

Figure 10: Return loss of proposed antenna with three resonating frequencies at 3.56, 8.05, 10.57 

with return loss of -28d.12B, -42.88dB and 41.29dB.
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III. SIMULATED RESULTS 

The final optimized antenna results obtained after applying 
parametric variations to the antenna structure are presented 

below. 

A. Return loss (S11 parameter): Return loss (S11 

parameter) curve shows that, C and X resonant 

bands with wide operating bandwidths are obtained.   

 

It is observed that bandwidth of 847MHz at lower 

frequency band, (4 GHz to 8GHz, with respect to 

the central frequency of 8.05GHz, and 633MHz, for 

the upper band (8 to12GHz with central frequency 

at10.56GHz is achieved.  The proposed design is 

capable of operation at IEEE radar band C at 4 to 
8GHz and IEEE radar band X at 8 to 12 GHz. The 

return loss for the first band so obtained covering 

frequencies from 7.86 to 8.729 GHz is -42.5dB and 

as that of second band in the frequency range from 

10.246to10.879GHz is -41.5dB which is well below 

10 dB level required for the antenna to operate 

efficiently (fig.10). 

 

B. Gain: The gain of the proposed antenna, at upper 

and lower bands of operation, has a significant 

value as shown in fig.11. In lower frequency band 
(2 to 4 GHz), the measured gain of antenna has a 

value of 5.45dB, while in the upper band (8 to 

12GHz), the gain has a larger value of 7.804 and 

8.39dB at 8.06 and 10.57 GHz respectively 

 

C. Radiation pattern:  The radiation patterns are 

analysed using CST MWS. The radiation pattern is 

plotted at the different resonances as depicted in 

fig.12. Almost Omni-directional radiation patterns 
at frequency of 2GHz is observed, in azimuthal and 

elevation plane the pattern resembles the figure of 

8. The radiation patter at frequencies 5GHz and 

8GHz is somewhat directional. The pattern so 

obtain is eligible for 5G applications.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Gain of proposed antenna with a peak value of 8.39dB 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Farfield pattern of proposed antenna at 2,5 and 8Ghz in azimuthal and elevation plane. 
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IV. CONCLUSION 

 A novel design of an microstrip patch antenna with an 

H-shaped patch loaded with meandered lines and slots along 

with an H-shaped DGS beneath the microstrip line has been 

presented. The simulated and measured results are plotted to 

see the performance of the antenna in terms of S11 parameter. 
The proposed designed resonates at 3.56, 8.04 and 10.57 

GHz with a peak gain of 8.39dB with considerable 

impedance bandwidth and return loss values at the desired 

bands. The radiation pattern plots show the conformability 

with the application it is designed for.  The planar structure 

with a water-resistant substrate is suitable for fixed and 

mobile satellite communication, as well as for radiolocation. 

Making it suitable for weather radar systems, regional 

surveillance systems, satellite position fixing. 
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