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7 Abstract

s In this paper, a rectangular microstrip antenna loaded with two log periodic stubs is proposed.
9 The antenna geometry is fed with a microstrip line which is tapered at the connection point.
10 The proposed geometry is designed on easily available FR4_ epoxy dielectric material and the
1 dimensions of the dielectric substrate used are of 48 mm x 36 mm x 1.6 mm. Antenna

12 geometry?s performance is investigated in the frequency range between 2 GHz to 20 GHz.

13 The geometry exhibits resonances at 7.76 GHz, 11.27GHz, and 16.22GHz which lie in the C, X,
12 and Ku bands. To validate the design, proposed geometry was fabricated and tested.

15 Measured results fairly agree with the simulated data.

16

17 Index terms— planar antennas, rmsa, stub loading, triple band antennas.

s 1 Introduction

19 og-periodic dipole antennas (LPDAs) were first reported by Rumsey’s. Later, LPDA geometries for practical
20 applications were developed by DuHamel, and Isbell [1]. After this, R. Carrel [2] reported mathematical analysis
21 of LPDA and computed its various parameters like radiation patterns and input impedance. However, in modern
22 wireless applications planar (2D) antennas are preferred over 3D antennas. Among planar antennas, microstrip
23 antennas are most preferred ones because of their light weight, small size, low cost, and ease of fabrication and
24 integration [3][4][5][6].

25 In order to increase the density and to reduce the size/volume the concept of substrate integrated
26 circuits, particularly the laminated waveguide [6][7][8][9] and the substrate integrated waveguide (SIW)
27 [10][11][12]{13][14][15][16][17][18][19], has been proposed as a promising technology for microwave and millimeter-
28 wave components & systems which helps in achieving low cost, planar, compact, and high-density integration.
29 However, most of these geometries are complicated as whole geometry design depends on the log-periodic
30 structure. In this work a simple rectangular microstrip antenna loaded with logperiodic stubs has been
31 investigated thoroughly for exciting triple bands [20] with a very high gain of 10dB (conventional MSAs offer 5
32 to 6dB) and above at resonances. It should be noted that only stubs Although, the proposed geometry exhibits
33 multiple S11 bands, only three resonances are useful as gain is positive at these frequencies.

34 Antenna geometry is presented in Section 2. Section 3 presents geometry optimization procedure. Experimen-
35 tal results and discussions are covered in Section 4. Finally, the work is concluded in Section 5.

s 2 II.
» 3 Antenna Design

38 The geometry of rectangular microstrip antenna loaded with log periodic stubs is shown in Figure 1 and its
39 optimized dimensions are listed in Table 1. Log periodic stubs are added to excite the multiple resonances and
40 to enhance bandwidth & gain of each resonance bands. The geometry was fed with the microstrip line which is
41 tapered at the feed end for proper impedance matching. The proposed geometry was designed and optimized
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9 CONCLUSIONS

on easily available FR4 epoxy substrate with dielectric constant of 4.4 and thickness of 1.6 mm. The geometry
was simulated with an Ansoft’s high frequency structure simulator (HFSS) v.13 [21] which is electromagnetic
simulation software. Section 3 gives the details of optimization procedure of the proposed antenna. L. Abstract-
In this paper, a rectangular microstrip antenna loaded with two log periodic stubs is proposed. The antenna
geometry is fed with a microstrip line which is tapered at the connection point. The proposed geometry is
designed on easily available FR4_ epoxy dielectric material and the dimensions of the dielectric substrate used
are of 48 mm x 36 mm x 1.6 mm. Antenna geometry’s performance is investigated in the frequency range between
2 GHz to 20 GHz.

The geometry exhibits resonances at 7.76GHz, 11.27GHz, and 16.22GHz which lie in the C, X, and Ku bands.
To validate the design, proposed geometry was fabricated and tested. Measured results fairly agree with the
simulated data.

follow the LPDA technique whereas the base is a simple rectangular microstrip antenna (RMSA).
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5 Geometry Optimization

In this section parametric study is carried out for optimizing the proposed antenna geometry. Parameters chosen
for optimization are position of right log arm (RLA), tapering length (TL), and feed arm width (W). Effect of all
these parameters on antenna performance are investigated thoroughly and presented in the following sub-sections.

6 a) Variation of Position of Right Log Arm (RLA)

In this study right log arm (RLA w. r. t. right edge of rectangular base) position is varied from in steps of
2 mm and keeping all other parameters remains constant. The simulated results of reflection coefficient (S11)
and gain of antenna are shown in Figure 7?7 (a) and (b) respectively. From the study of simulated reflection
coeflicient characteristics, gain of the antenna is optimum at RLA-1. (Note: RLA is the position of right log arm
from edge of rectangular base and left movement is indicated by -ve sign and right movement is indicated by +ve
sign).Parameter L1 L2L3L4W1W2W3W4D1D2D3D4

Values (mm) 4 2.6 1. The proposed antenna is excited through microstrip line. However, for proper matching,
the point at which the line is joined to antenna geometry is tapered. The tapering length (TL) at the connection
point is varied in steps of 0.25 mm from 7mm to 8mm and keeping all other parameters constant. It is interesting
to note that the geometry offers optimum results at TL = 7.95mm. The simulated results of reflection coefficient
(S11) and gain of antenna are shown in Figure 3 (a) and (b), respectively. From the study of simulated reflection

7 c¢) Variation of Feed Arm Width (W)

In another effort, the width of microstrip feed line was varied to investigate its effect on antenna performance.
The feed arm width (W) from 3.5mm to 4.5mm in steps of 0.25 mm and keeping all other parameters constant.
The results (S11 and gain vs. freq) are presented in Figure 4 (a) and (b), respectively. From Figure 4 it may
be noted that the optimum results can be obtained for W=4mm. In order to understand the effect of individual
stub, we used one at a time i.e., one arm is kept and other is removed. Also, the single arm effect was observed
by keeping it at the center of the antenna geometry (Figure 5). However, no significant change in the results was
observed (pl. ref. Figure 77).

8 Experimental Validation of the Geometry and Discussions

The proposed geometry shown in Figure 1 with its optimized dimensions listed in Table 1 is fabricated on
FR4_epoxy substrate having dielectric constant of 4.4 and thickness of 1.6 mm. The photograph of fabricated
prototype is shown in Figure ??. In Figure 77, the setup of measurement of reflection coefficient of antenna is
shown. Reflection coefficient characteristics of measured results are compared with simulated values in Figure ?7.
From Figure 7?7 it may be noted that measured results fairly match with simulated data. Radiation patterns at
all three resonances are plotted in Figure 10. From these plots it may be noted that the radiation characteristics
are stable across the frequencies of operations.

9 Conclusions

In this paper, a rectangular microstrip antenna loaded with two log periodic stubs is proposed. The proposed
geometry is fed with a microstrip line which is tapered at the connection point for proper impedance matching.
The proposed geometry is designed on easily available FR4__epoxy dielectric material and log periodic stubs are
added to excite the multiple resonances and to enhance bandwidth of each resonance bands. Besides multiple
resonances, the antenna offers high gain of greater than 10dB at the operating frequencies. The future work

includes bandwidth enhancement of individual bands and possible investigation of excitation of four bands.
1B

'® 20 15 Global Journals Inc. (US)
2© 2015 Global Journals Inc. (US)



OPEN
ASSOCIATION
OF RESEARCH

SOCIETY, USA

Figure 1: FFigure 1 :



9 CONCLUSIONS

Wi

156

r
-

29 36
Figure 2: 2 FeFFigure 2 :
Patch
I
Ground plane
3

Figure 3: Figure 3 :



OLLA

Figure 4: Figure 4 :

Figure 5: Figure 5 :



9 CONCLUSIONS

6789

Figure 6: Figure 6 :Figure 7 :FFigure 8 :Figure 9 :



Figure 7: Figure 10 :

Figure 8: Table 1 :



9 CONCLUSIONS




95

96
97
98

99
100

101
102

103

104

105
106

107
108
109

110
111
112

113
114

115
116

117
118
119

120

121
122

123
124

125
126

127

128
129

131
132

133

134
135

136
137

[Microw (2006)] , Microw . Theory Tech. Jun. 2006. 54 (6) p. .

[Huang and Wu (2003)] ‘A broad-band LTCC integrated transition of laminated waveguide to airfilled waveguide
for millimeter-wave applications’ Y Huang , K L Wu . IEEE Trans. Microw. Theory Tech May 2003. 51 (5)
p. .

[Hao ()] ‘A planar diplexer for microwave integrated circuits’ Z C Hao . Inst. Electr. Eng. Proc-H: Microwaves
Antennas Propag 2005. 152 (6) p. .

[Deslandes and Wu| ‘Accurate modeling, wave mechanisms, and design considerations of a substrate integrated
waveguide’. D Deslandes , K Wu . IEEE Trans

[Balanis ()] C A Balanis . Antenna Theory: Analysis and Design, 2005. Wiley Publications. (3rd Edition)
[Kumar and Ray ()] Broad Band Microstrip Antenna, G Kumar , K P Ray . 2003. London: Artech House Boston.

[Uchimura et al. (1998)] ‘Development of a laminated waveguide’ H Uchimura , T Takenoshita , M Fujii . I[EEE
Trans. Microw. Theory Tech Dec. 1998. 46 (12) p. .

[Xu et al. (2005)] ‘Domain decomposition FDTD algorithm combining with numerical TL calibration technique
and its application in parameter extraction of substrate integrated circuits’. F Xu , K Wu , W Hong . [EEE
Trans. Microw. Theory Tech Jan. 2005. 54 (1) p. .

[Xu et al. (2003)] ‘Finite-difference frequency-domain algorithm for modeling guided-wave properties of substrate
integrated waveguide’. F Xu , Y L Zhang , W Hong , K Wu , T J Cui . IEEE Trans. Microw. Theory Tech
Nov. 2003. 51 (11) p

[Zhai ()] ‘Folded half mode substrate integrated waveguide 3 dB coupler. G H Zhai . IEEE Microw. Compon.
Lett 2008. 18 (8) p. .

[Deslande and Wu (2001)] ‘Integrated microstrip and rectangular waveguide in planar form’ D Deslande , K Wu
. IEEE Microw. Compon. Lett Nov. 2001. 11 (2) p. .

[Yan and Hong ()] ‘Investigations on the propagation characteristics of the substrate integrated waveguide based
on the method of lines’ L Yan , W Hong . Inst. Electr. Eng. Proc.-H: Microwaves Antennas Propag 2005.
152 (1) p. .

[Isbell (1960)] ‘Log periodic dipole arrays’ D Isbell . IRE Trans. Antennas Propag Mar. 1960. 8 (3) p. .

[Rong et al. (1999)] ‘Low temperature cofires ceramic (LTCC) ridge waveguide bandpass chip filter’ Y Rong ,
K A Zaki , M Hageman , D Stevens , J Gipprich . IEEE Trans. Microw. Theory Tech Dec. 1999. 47 (12) p. .

[Garg et al. ()] Microstrip Antenna Design Handbook, Artech House, R Garg , P Bhartia , I Bahl , A Ittipiboon
. 2000. Bostan.

[Huang et al. ()] ‘Miniaturized CPW-fed tri-band antenna with asymmetric ring for WLAN/WiMAX applica-
tions’. S Huang , J Li , J Zhao . Journal of Computer Networks and Communications 2014. 2014 p. .
[Carrel ()] ‘The design of the log-periodic dipole antenna’ R Carrel . IRE Int. Conventional Rec 1961. 9 p. .

[Wu et al. ()] ‘The substrate integrated circuits-A new concept for highfrequency electronics and optoelectronics’.
K Wu , D Deslandes , Y Cassivi . presented at the 6th Int. Conf. Telecommunications in Modern Satellite,
Cable and Broadcasting Service, 2003. 1 p. .

[Yu et al. (2011)] ‘Ultra-wideband printed log-periodic dipole antenna with multiple notched bands’ C Yu , W
Hong , L G Chiu , H Zhai , C Yu . IEEFE Trans. Antenna Propag Mar. 2011. 59 (3) p. .

[user’s manual, Ansoft Corporation| user’s manual, Ansoft Corporation, HFSS 11.0. Pittsburgh.

[Piloto et al. ()] Waveguide Filters Having a Layered Dielectric Structures, A Piloto , K Leahy , B Flanick , K
A Zaki . 5382931. Jan. 17, 1995. U.S. Patent.

[Zhai et al. (2010)] ‘Wideband substrate integrated printed log-periodic dipole array antenna’ G H Zhai , W
Hong , K Wu , Z Q Kuai . Inst. Electr. Eng. Proc. Microw., Antennas Propag Feb. 2010. 4 (7) p. .



