
 

 

Abstract—In satellite communication applications, patch 

antennas design faces the challenge of lower bandwidth and small 

gain. Many design approaches are proposed in the literature to 

overcome this limitation. Furthermore, future 

developments/trends in the field of satellite communication also 

focus on the design of more efficient patch antennas. This research 

work is focused on the enhancement of bandwidth, efficiency and 

gain of patch antenna. Various techniques are proposed and 

analyzed using computer based simulations to improve such 

design requirements. The investigated design is based on a 

hexagonal structure with a rectangular defect. Further in order to 

investigate the design performance, three parasitic patches were 

employed in its vicinity and defects were also created in the ground 

plane. Preperm L380 substrate (with a dielectric constant: 3.8) was 

selected, and for bandwidth expansion air hole was employed in 

the substrate. Proposed design of antenna with dimensions of 

24mm in length, 28mm in width and a thickness of 1.64mm was 

simulated and analyzed for several parameters including return 

loss, SWR with respect to voltage, efficiencies, Gain and 

directivity. Proposed design bandwidth was enhanced from 

3.74GHz to 4GHz in X and Ku band for satellite military 

applications. Simulation results show an overall efficiency of 0.98 

prior to and after the structural amendments in the proposed 

design with a maximum gain of 6.46dB which make it suitable for 

use in X and Ku band in satellite military applications. 
Index Terms—Return Loss, Bandwidth, Gain, VSWR, Military 

Applications and Satellite Applications. 

 

I. INTRODUCTION 

urrently, several printed monopole antennas have been 

suggested through implementing several favorable 

excitation arrangements. Major factors behind the exponential  

growth in the use of microstrip patch antennas, are light weight, 

compactness and ease of fabrication. These patch antennas are 

very cost effective. This steep growth is evident from their 

enormous use in the areas of aircraft industry, space technology, 

mobile/cellular communication and biomedical engineering at 

a rapid rate. Researchers have been carrying out research to 

build up a high speed data rate satellite communication system 

[1, 2, 3]. Satellite communication is a type of wireless 

communication system. C, X, Ku and K bands have been 

dedicated to various types of satellite wireless communication 

systems and antenna is its integral component. For the 

applicationof the patch antenna in military satellite 

communication, the scientists need to analyze and fabricate a 

microstrip patch antenna that will operate in the above 

mentioned high frequencies bands with sound characteristics 

such as large bandwidth, large gain and high efficiency. 

Microstrip patch antennas are cost effective and can be easily 

fabricated using electronic printed circuits [4, 5]. A lot of 

advantages of patch antennas have been discussed in the 

relevant literature but the researchers are still working to 

surmount its narrow bandwidth. [6-8] were presented to 

highlight the mechanisms for the expansion of the bandwidth of 

patch antennas. Similarly, various structures of patch were 

highlighted in [9-14], to improve the performance of the patch 

antenna in the field of wireless communication. The bandwidth 

of the patch antenna was expanded using a novel patch structure 

for Ku-band satellite communication [15]. The patch antenna in 

[16] has got good characteristics and its bandwidth was 

reasonably improved. [17] Presented a square antenna which 

was 15mm long and 15mm wide and it was recommended with 

a bandwidth of 0.95GHz for Ku-band military applications. The 

bandwidth in [18] was expanded to 2.1GHz. A fractional 

bandwidth of 13.3% was attained in [19] at resonant frequency 

of 12.57GHz. The bandwidth of this antenna is in the Ku-band 

that is used for satellite applications. The author in [20] 

improved the efficiency of the patch antenna using the efficient 

dielectric material of Preperm in the substrate. The total 

efficiency of 99% was attained in [21] with the help of Preperm 

material. Similarly, total efficiency of 98.85% was got in [22] 

using the same above mentioned material in the substrate of the 

antenna. A bandwidth of 0.96GHz and a reflection coefficient 

of -22dB were attained by the patch antenna discussed in [23]. 

Evidently the bandwidth and the reflection coefficient of this 

antenna at the central frequency are less than the proposed 

antenna of this article. Similarly, a patch antenna was dedicated 

to X and Ku applications in [24] but its bandwidth was also less 

than the proposed antenna. Its bandwidth was 2.5GHz and its 

reflection coefficient was -22dB. An antenna having a 

bandwidth of 2.1GHz for 28GHz applications was presented in 

[25] and its bandwidth was also less than the proposed antenna. 

Its reflection coefficient was -26dB. Similarly, the bandwidth 

of the antenna in [26] was 1.24GHz. Its efficiency was 0.88 and 

its reflection coefficient at the center frequency was -25dB.A 

patch antenna was recommended for satellite applications using 

Ku-band in [27]. This antenna with a substrate material of  
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Rogers RT/Duroid 6010 demonstrated an impedance 

bandwidth of 0.576 GHz. A comparison has been made in Table 

1, which shows that the bandwidth, reflection coefficient and 

efficiency of the proposed antenna are far better than the 

remaining designs mentioned in the table. 

 

TABLE I 

COMPARISON OF SIMILAR WORK WITH PROPOSED DESIGN 

 

The Problem is that the patch antenna for satellite and other 

applications needs to have a wide bandwidth, large gain and 

high efficiency to cope with the future demands. In this article 

a new shape of patch antenna for its application in X and Ku- 

band is investigated. Structural changes, such as the addition of 

parasitic patches, introduction of slots in the patch as well as 

ground and creation of holes in the substrate, will be made to 

improve its bandwidth, gain and efficiency for its application in 

the satellite bands. The antenna will have a large bandwidth, its 

efficiency will be very high and its gain will be reasonably large 

to support the future wireless mobile communication in the 

mentioned bands. In order to achieve an efficient patch antenna 

having a large bandwidth and large gain for satellite 

applications, the material of Preperm L 380 was investigated in 

the substrate of the proposed antenna presented in this article. 

II. STRUCTURE OF ANTENNA 

Rectangular defects (slots) were formed in the hexagonal 

patch, ground and the dielectric substrate of the patch antenna 

as shown in Fig.1 and Fig.2. Three parasitic elements were 

placedon top of the substrate in neighborhood of the hexagonal 

patch. Radius of the initial hexagonal structure was 6×10-3m. 

Defect in center of the substrate was in form of a rectangular 

hole andthe area of this hole is mentioned in Table 2. The 

Hexagonal patch was created at the center of the substrate. The 

antenna was 24mm long and 28mm wide. Coaxial Probe was 

employed to energize this antenna and it was placed at 

ahorizontal distance of 4.35mm from the center of the antenna 

on the x-axis.The three parasitic patches are represented by PP1, 

PP2, and PP3 in this article.PP1wascreated at a horizontal 

distance of 2.45mm from left side of the design and a vertical 

distance of 9mm from the bottom side. PP2 was designed at a 

horizontal distance of 8.9mmfrom left side of the antenna and a 

vertical distance of 5.5mm from the top side. Similarly, PP3 was 

placed at a horizontal distance of 2.45mm from right side of the 

design and a vertical distance of 9mm from the top side. The 

patch view is shown in Fig.1. 

 

 
Fig. 1. Patch View before Structural Changes 

The view of the ground is shown in Fig.2.It is evident from the 

ground view that seven rectangular defects were created in the 

ground to observe its effects on the performance of the antenna 

and these rectangular defects were represented by D1, D2, D3, 

D4, D5, D6 and D7. 

 
Fig. 2. Ground View before Structural Changes 

D1 was produced at a horizontal distance of 3mm from left side 

of the ground and a vertical distance of 10.6mm from the top 

side. D2 was etched at a horizontal distance of 7.2mm from left 

side of the ground and a vertical distance of 2mm from the top 

side. D3 was created at a horizontal distance of 7.5mm from left 

side of the design and a vertical distance of 10.5mm from 

bottom side. D4 was shaped at a horizontal distance of 5.8mm 

from left side of the design and a vertical distance of 4.5mm 

from bottom side. Finally, D5 was etched at a horizontal 

distance of 17mm from left side of the antenna and a vertical 

distance of 11mm from the bottom side. The remaining two 

defects D6 and D7 are located at right corners of the antenna. 

These defects in the ground improved some characteristics of 

the antenna. The dimensions to reproduce this structure are 

Papers Bandwidth Efficiency 
Reflection 

Coefficient 

[17] 0.95GHz 
Not 

Mentioned 
-20dB 

[18] 2.1GHz 
Not 

Mentioned 
-27dB 

[23] 0.96GHz 
Not 

Mentioned 
-23dB 

[24] 2.5GHZ 82-86% -22dB 

[25] 2.1GHz 
Not 

Mentioned 
-26dB 

[26] 1.24GHz 84.8% -25dB 

This Work 4GHz 98.9% -31dB 



 

 

given in Table 2 and the dimensional view of the patch is 

presented in Fig.3. 

 
TABLE II 

DIMENSIONS OF ANTENNA 

Parameters Values 

 

Size of antenna  24×28mm2 

Radius of Hexagonal Patch 6mm 

Rectangular Defect on the 

Hexagonal Patch 
4× 4.6966mm2 

Dimension of  PP1 2×6 mm2 

Dimension of PP2 6.1×1.5mm2 

Dimension of  PP3 2×6mm2 

Dimension of   D1 2×7.2 mm2 

Dimension of  D2 6.4×11 mm2 

Dimension of   D3 4.5×1.7mm2 

Dimension of  D4 5.2×3.5 mm2 

Dimension of   D5 1.5×4 mm2 

Dimension of   D6 4×4 mm2 

Dimension of   D7 2×2mm2 

Dimensions of Substrate’s hole 4.5×4.5mm2 

Location of feed from the center 4.35mm on x-axis 

 

 

 
Fig. 3. Dimensional View of Patch 

 

III. RESULTS AND DISCUSSION 

 

The symbol for coefficient of reflection is S11 dB and its 

graphical relationship with frequency is shown in Fig. 4.  -10dB 

bandwidth of this new structure was 3.74GHz and it occurred in 

X as well as Ku band.  Its Initial frequency (10.98GHz) was in 

the X band while its final frequency (14.73GHz) was in the Ku 

Band. The minimum value of S11in dB took place at 14.2GHz 

and it was -53.36dB.  

 
Fig. 4. S11 dB before Structural Changes 

 

Voltage Standing Wave Ratio was sketched in Fig. 5 as a 

function of frequency. This ratio was in the desirable slot 

between 1 and 2 and its minimum value at the center frequency 

of the bandwidth was 1.004. The minimum value of this ratio at 

the center frequency of 14.2GHz shows that the impedance of 

this design is properly matched. 

 
Fig. 5 VSWR before Structural Changes 

 

Total efficiency was sketched in Fig. 6. This efficient antenna 

demonstrated maximum efficiency of 0.982 at 14.2GHz. The 

efficiency of this structure was greater than 88% in the above 

mentioned bandwidth. The efficiency of the patch antenna is 

very high as compared to the antennas cited in this article. 

Efficiency of the antenna can be computed with the help of gain 

and directivity as the ratio of the gain to the directivity of an 

antenna defines its efficiency.
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     Fig. 6. Efficiency before Structural Changes 

Gain of this antenna was sketched in Fig. 7. A gain of 6.92dB 

was attained at 11.7GHz and its minimum value in the whole 

bandwidth was 5dB.The gain of the antenna is large and this 

antenna can be employed successfully in the mentioned bands 

for satellite applications. 

 
Fig. 7. Gain before Structural Changes 

IV. STRUCTURAL CHANGES FOR BANDWIDTH IMPROVEMENT 

 

Trivial alterations were induced in the antenna to expand its 

bandwidth. Size of the rectangular slot (defect) in the hexagonal 

main patch was changed. The three parasitic artifacts 

represented by PP1, PP2 and PP3 were repositioned as shown in 

Fig.8.  

 
Fig.8. Dimensional View of Patch after Structural Changes 

 

Length of PP2 was reduced to 6mm. PP1 was placed at a distance 

of 2.5mm from left edge of the antenna and a distance of 9mm 

from the bottom edge. PP2 was placed at a horizontal distance 

of 9mm from left side of the antenna and a vertical distance of 

5.5mm from the top edge. Similarly, PP3 was placed at a 

horizontal distance of 2.5mm from right side of the design and 

a vertical distance of 11mm from the top side. D4 was 

repositioned as its distance from left edge of the antenna was 

maintained at 5.8mm and its distance from the bottom edge was 

made equal to 5mm.Width of D4 was reduced from 3.5mm to 

3mm. The rectangular hole in the Substrate was expanded from 

4.5×4.5mm2 to 5×5mm2 and it was located at the substrate’s 

center. Substrate’s height was changed from 1.5×10-3m to 

1.64×10-3m. Dimensional view of Patch after structural changes 

is presented in Fig.8.Coaxial Probe was employed to energize 

this antenna and it was placed at a horizontal distance of 4mm 

from the center of the antenna on the x-axis. Dimensions of the 

antenna after the mentioned changes are given in Table 3. 

 
TABLE III 

DIMENSIONS OF ANTENNA AFTER CHANGES 

Parameters Values 

 

Size of antenna  24×28mm2 

Radius of Hexagonal Patch 6mm 

Rectangular Defect on the 

Hexagonal Patch 
4× 4.7mm2 

Dimension of  PP1 2×6 mm2 

Dimension of PP2 6×1.5mm2 

Dimension of  PP3 2×6mm2 

Dimension of   D1 2×7.2 mm2 

Dimension of  D2 6.4×11 mm2 

Dimension of   D3 4.5×1.7mm2 

Dimension of  D4 5.2×3 mm2 

Dimension of   D5 1.5×4 mm2 

Dimension of   D6 4×4 mm2 

Dimension of   D7 2×2mm2 

Dimensions of Substrate’s 

hole 
5×5mm2 

Substrate’s height 1.64 mm 

Location of feed from the 

center 
4mm on x-axis 

 

The results of this antenna are discussed in the following 

section. The bandwidth was augmented from 3.74GHz to 4GHz 

with the help of this parametric optimization. The center 

frequency was shifted from 14.2GHz to 14.5GHz with the help 

of this parametric optimization. S11 dB of this new antenna after 

the above mentioned alterations is shown in Fig.9. 

0.2

0.4

0.6

0.8

1

10 11 12 13 14 15 16

T
o

ta
l 

E
ff

ic
ie

n
cy

Frequency in GHz

4

5

6

7

8

11 12 13 14 15

G
ai

n
 i

n
 d

B
i

Frequency in GHz



 

 

 
Fig.9. Bandwidth of the Antenna after Alteration 

The minimum value of the reflection coefficient of the first 

design was -53.36dB while the minimum value of the reflection 

coefficient of this optimized design was -30.67dB at the center 

frequency. The initial frequency of the bandwidth shifted from 

10.98GHz to 11GHz which was in the X band while the final 

frequency shifted from 14.73GHz to 15GHz which was in the 

Ku Band. The minimum value of Voltage standing wave ratio 

was 1.06. This ratio of 1.06 took place at 14.5GHz as shown in 

Fig. 10. Minimum value of this ratio indicates that antenna was 

matched properly at the center frequency. 

 
Fig.10. VSWR of the Antenna after Alteration 

 

This efficient antenna demonstrated total efficiency of 0.9822 at 

14.5GHz while the minimum value of the total efficiency was 

88% in the above mentioned bandwidth. The sketch of the total 

efficiency is shown in Fig.11. 

 

 
Fig. 11. Total Efficiency of the Antenna after Alteration 

 

The high efficiency was maintained even after making changes 

in the structure. The efficiency of the antenna is very high and 

this efficient antenna can be successfully engaged in the satellite 

applications. 

Finally, Gain was sketched in Fig. 12. Gain varied from 4.98dB 

to 6.98dB in the entire bandwidth. A slight drop in Gain was 

recorded due to the mentioned changes in the antenna. The 

mentioned values of gain in the working bandwidth justify its 

engagement in satellite as well as other wireless communication 

in future. 

 

Fig. 12. Gain of the Modified Antenna 

 

V. RADIATION PATTERNS 

2D radiation pattern elaborated in Fig.13a had a 3dB angular 

width of 560. Its main lobe level was 5.06dB and its side lob level 

was -1.9dB. 

 
Fig.13a. Radiation pattern at 12GHz 

 

 2D radiation pattern of Fig.13b was sketched at frequency of 

13GHz. Its 3dB angular width was 43.8degree, its main lobe 

level was 5.65dB and its side lob level was -1.9dB.
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Fig.13b. Radiation pattern at 13GHz 

The radiation pattern at the frequency of 14GHz was displayed 

in figure 13c. Its angular width was observed as 37.5 degree and 

its main lobe level was recorded as 6.02dB while its side level 

lobe was recorded as -2dB.  

Finally, Fig.13d represents the 2D radiation pattern of this 

antenna at 14.8GHz. Its angular width was observed as 83.5 

degree and its main lobe level was recorded as 6.07dB while its 

side level lobe was recorded as -2.1dB. 

 

 
Fig.13c. Radiation pattern at 14GHz 

 

 
Fig.13d. Radiation pattern at 14.8GHz 

 

The 2D radiation patterns of this patch antenna have narrow half 

power beamwidth and they have large values of gain that 

guaranty the application of the antenna in the satellite 

communications.  

The real part of the impedance is sketched with respect to 

frequency in Figure 14. The real part of the impedance is 50Ω 

for the best matching. The real impedance is 50Ω at 14.5GHz 

which is the center frequency of the bandwidth. 

 
Fig. 14. Real Part of the Impedance 

The maximum value of gain and directivity are given in Figure 

15. The ratio of the gain to directivity defines the efficiency of 

the antenna as well that comes out to be 98.93%. The antenna is 

very efficient antenna. The radiation efficiency of the antenna 

is shown in Figure 16. The minimum value of the radiation 

efficiency is 96.65% and the maximum value is 99.22%. The 

radiation efficiency of the antenna is very large. 
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Fig. 16. Radiation efficiency 



 

 

The 3D radiation pattern at the center frequency of 14.5GHz 

has been shown in Figure 17. The directivity of the antenna at 

the mentioned frequency is 6.04dBi, while its efficiency is 

98.14%. 

 
Fig. 17. 3D Radiation Pattern at 14.5GHz 

 

VI. CONCLUSION 

This research analyzes the simulated results of a novel design of 

patch antenna suitable for satellite military application in X and 

Ku band. The initial design bandwidth of the antenna was 

3.74GHz with a center frequency of 14.2GHz. The gain of 

antenna was in the range of 5dB to 6.98dB with an overall 

efficiency of 0.98. The minimum value of standing wave ratio 

was 1.004. Further, in order to enhance the bandwidth of the 

antenna, slight modifications in the design were introduced 

which enhanced its bandwidth to 4GHz. The results showed no 

change in the overall efficiency even after the modifications in 

the design structure. A slight decline in the gain of the modified 

design was observed due to bandwidth enhancement, the gain 

was in the range of 4.98dB to 6.46dB. Detraction in the 

coefficient of reflection was observed (from a value of -53.36 

dB to -30.67dB). The dimensions of the proposed antenna were 

24mm × 28mm. The simulation results show an improvement in 

the antenna bandwidth of 4GHz, high efficiency of 0.99 and 

large gain of 6.46dB in comparison to the designs proposed in 

the available literature. These improvements in the parameters 

make this novel design of patch antenna suitable to be 

implemented in the mentioned bands for satellite applications. 

Future work will be based on the further modification in the 

design to enhance bandwidth and gain of the antenna. 
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