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Wide-Band Log-Periodic Microstrip Antenna with Defected Ground
Structure for C-Band Applications
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Abstract—The manuscript presents a log-periodic microstrip antenna with a defective ground structure
(LPMADGS). The antenna is simulated, designed, and validated for C-band applications. The design
of the antenna consists of three layers with upper most layer consisting of log-periodic, copper patches
with a thickness of 0.035 mm; the middle layer is a 2mm thick dielectric layer of FR-4 substrate; and
the bottom layer is a defected ground structure (concentric ring resonators of 0.035 mm thickness). The
suggested antenna design is simulated with a complete ground plane, without ground plane, and with
a defective ground plane. The proposed antenna with optimized design is fabricated by wet etched
method. The simulated results are approximately similar to the experimentally measured results. The
experimentally measured results show transmission peaks at 7.65 GHz and 7.90 GHz. The resonating
effect of log-periodic patches with a defected ground structure results in wide-band of 0.91 GHz (—10dB
bandwidth). The proposed antenna structure exhibits a wide bandwidth transmission which mostly
resonates in frequency range that lies in C-band. It has future applications for mobile as well as wireless
communication.

1. INTRODUCTION

Research in the area of microstrip antennas is advancing due to their thin planar profile, ease of surface
mounting on missiles and aircrafts [1,2], ease of fabrication process [3-5], and ease of integrating the
antenna on the same printed board with other components, especially in mobile radio communication
devices [6-8]. The most common type of microstrip antenna is three-layered patch antenna with
square [9], circular [10], rectangular [11, 12], elliptical [7, 8], or any other shaped patch [13] with matched
feed line on the top, middle dielectric layer separating the bottom ground plane from the top layer. The
antennas with microstrip patches can find applications in GPS [10, 14, 15], mobile devices [7,8,11-
13,17], WLAN [5, 11, 13-16], and WiMax [5, 13, 15, 16]. The patch antennas are found to have low gain
and narrow bandwidth [12-15]. The concept of log-periodic structure is often utilized to achieve the
broad-band performance of antenna in microwave and THz frequency range [18-22]. The dimensions of
the bottom ground plane affect the antenna bandwidth [23]. The benefit of a defected ground structure
(DGS) is reduced antenna size and improvement in the patch antenna bandwidth [24]. Keeping in mind
these facts, a new design (LPMADGS) is proposed with log-periodic patches on the top and CCRRs
(DGS) at the bottom layer. The new proposed design results in broad-band resonance transmission
peaks and appreciable high gain.
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Figure 1. (a) Three dimensional design of LPMADGS. (b) Dimensions of top layered log-periodic
patches. (c) Outer and inner ring 1 dimension [25]. (d) Outer and inner ring 2 dimension [25].

2. THE STRUCTURE, EQUIVALENT MODEL AND SIMULATION OF LPMADGS

The proposed configuration of the CCRR-loaded log-periodic patch antenna is a three-layered structure
as can be seen in Figure 1(a). The top layer consists of log-periodic patches with different radii which
form the antenna structure and can be seen in Figure 1(b). The lower layer consists of four pairs of
continuous copper ring resonators with different radii [25], positioned in all four quadrants shown in
Figures 1(c) and 1(d) which form the DGS. The middle layer consists of an FR-4 substrate (relative
permittivity 4.4, loss tangent 0.02, and thickness 2mm). CST microwave studio software is used to
simulate the optimized design, breaking the structure into 38,812 tetrahedron meshes.

The parameters Ry, Rs, Rs, R4, Rs, and Rg are the radii of the log-periodic patches increasing
in value from R; to Rg with (R,+;/R,) = 1.3, and t5 and t3 are thickness of teeth strips of log-periodic
structure which act as feedlines. The optimized dimensions of the proposed structure are depicted in
Table 1. For CCRRs, the optimized dimensions are depicted in Table 2, and w (ry — 71 and 4 — 73),
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Table 1. Optimize dimensions of LPMADGS.

Parameter Dimension (mm)

w 21

Re 10

Rs 7.5

Ry 5.75
Rs 4.25
Ry 3.125
Ry 2.25
11 2.00
to 0.50
i3 0.45

Table 2. Optimize dimensions of DGS [25].

Parameter Dimension (mm) Parameter Dimension (mm)

= 2.10 e 2.85
(] 2.35 rs 3.20
r3 3.68 w 0.25
T4 3.93 w1 0.42
5 1.93 Wy 0.35
T6 2.35

wy (r¢ —rs5), and we (rg — r7) are the thicknesses of the respective inner ring 1, outer ring 1, inner ring
2, and outer ring 2.

The design process is based on the design calculation approximations given in [26]. The approximate
element lengths of the LPMADGS are calculated using Equations (1)-(6), where .5 and ¢, are the
effective and relative permittivities of the substrate; h is the width of the substrate; w, is the width of
the feed strip line; Lyay is the maximum length of the element; K7 is the upper truncation constant [26];
fupper is upper frequency spectral component; fiower is the lower frequency spectral component (that
defines the bandwidth = fypper — fiower); Amax 1S the maximum wavelength value corresponding to fiower-

e+1 e -1 1
€€ﬁ = T2 =+ T2 * 10h (1)
1
+ .

Lmax - Kl)\max (2)

C
Amaxy = —————— 3
* VEeff * flower ( )
Kq = 1.01 —0.5197 (4)
T = flower (5)

fupper
L, = 7% Lns1 (6)

Figure 2 shows the equivalent circuit model of top layered patch of the proposed LPMADGS. The
feed strip line is modeled as a transmission line equivalent with inductor in series and capacitor in
parallel, in order to have a lossy structure there is parallel connection of resistor and capacitor as shown
in Figure 2. The individual element of the microstrip patch antenna is modeled as (r,1,¢) parallel
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Figure 2. Equivalent circuit model of top layered patch of LPMADGS.
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Figure 3. (a) Equivalent circuit model of individual ring resonator. (b) Equivalent circuit model of
bottom layered structure of LPMADGS.

resonant circuit [27,28]. Since there is EM coupling between individual elements on the same side of
the feed strip line, they are connected through coupling capacitors (C1-5, C3-7, C5-9, Co6, Cs-g, Cs-10)
as shown in Figure 2. The equivalent circuit model of each ring resonator is shown in Figure 3(a). The
two ring resonators are coupled together by coupling capacitor (C.), and the equivalent circuit model
is shown in Figure 3(b).

Open boundary conditions are applied along the z-direction, y-direction, and z-direction as shown
in Figure 4. The proposed patch antenna was simulated in three different configurations with a complete
ground plane, without ground plane, and with a defected ground plane at the bottom layer. From the
results shown in Figure 5, it is clear that proposed patch antenna without ground plane resonates at
8.49 GHz, with complete ground plane resonates at 5.82 GHz and 8.91 GHz, and with defected ground
plane, the patch antenna resonates at 7.575 GHz and 8.64 GHz with return loss values of —15.41dB and
—15.04 dB, respectively. Within the frequency range from 5 to 12 GHz, the CCRRs exhibited reflection
coefficients at 7.35 GHz and 8.91 GHz. The proposed LPMADGS structure resulted in merged resonance
peaks (CCRRs and top layered log-periodic patch) to give broad bandwidth of 1.5 GHz (—10dB).

In order to study the resonance mechanism, the surface current distributions of the LPMADGS
structure at resonance frequencies of 7.575 GHz and 8.64 GHz are studied as shown in Figure 6. When
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Figure 6. Surface current distribution of the proposed antenna at (a) 7.575 GHz, (b) 8.64 GHz.

the suitable power is fed at one port of LPMADGS, surface currents are generated on the log-periodic
patches as well as on the concentric continuous ring resonators as shown in Figure 6. The arrow
indicates flows of surface current within log periodic patches at the top surface and concentric continuous
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ring resonators at the bottom. The induced surface current distributions further induces electric and
magnetic fields [29], and following the maximum power transfer theorem the confined surface currents
within the antenna structure get converted into EM waves, hence the proposed LPMADGS radiates
maximum at 7.575 GHz and 8.64 GHz. It is observed from Figure 4 that the transverse magnetic mode
radiation was generated by log-periodic patches combined with the transverse magnetic mode radiation
generated by the CCRRs [30] and resulted in wide-band property (depicted in Figure 5).

Figures 7(a) and 7(b) show 2D polar plots of the LPMADGS at resonance frequencies 7.575 GHz
and 8.64 GHz. The LPMADGS is oriented in zy-plane. The strength of electric field is in z-direction
when antenna is in co-plane (phi = 0), and when antenna is in cross-plane (phi = 90) the polarization of
electric field gets orthogonal with respect to co-plane. In both co- and cross-polarizations, the orientation
of electric field gets reversed.
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Figure 7. 2D polar plot at all the resonance frequencies (a) at 7.575 GHz, (b) at 8.64 GHz.

3. EXPERIMENT

The LPMADGS structure is fabricated on a double sided copper laminated FR-4 substrate (relative
permittivity 4.4, loss tangent 0.02, and thickness 2mm) by photo-lithographic method followed by wet
etching process [25] with dimensions 21 mm x 21 mm x 2mm shown in Figure 8.

The fabricated LPMADGS structure is experimentally tested in an anechoic chamber with the
help of Vector Network Analyzer (VNA) and Horn antenna. Port 1 of VNA is connected to the
SMA connector of LPMADGS for calculating input reflection coefficient as shown in Figure 9(a) and
Figure 9(b). The fabricated antenna is placed inside an anechoic chamber for far field calculations. The
LPMADGS is placed in front of the horn antenna which is placed on a rotating disc machine as shown in
Figure 9(c) and Figure 9(d). The rotating disc machine connected to VNA was placed in microwave lab.
LPMADGS acted as the transmitting antenna in the space inside the anechoic environment, and the
horn antenna acted as the receiving antenna. Both antennas are placed at a distance of approximately
one meter as shown in Figure 9(d).

To eliminate the impact of near-far field and the diffraction effects on the measurements, the
position of LPMADGS under test (in front of the receiving antenna) is decided. In order to measure the
radiation patterns, co-planar and cross-planar polarized orientations of E-field and H-field are generated
by rotating the LPMADGS and the horn antenna placed front to front by feeding the instructions by
the computer. In co-planar position, both LPMADGS and horn antenna are aligned in same direction
with respect to E-field and H-field orientations, and in cross-planar position both the antennas are
orthogonal to each other with respect to F-field and H-field orientations.
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Figure 8. The fabricated LPMADGS structure with (a) top view, (b) bottom view.

(©) (d)

Figure 9. The testing arrangement. (a) Applied voltage at port 1 to calculate return loss. (b) Return
loss measurement by VNA (Agilent technologies E5071C, 300 kHz—20 GHz). (¢) LPMADGS fixed on
rotating disc. (d) Fixed LPMADGS on rotating disc in front of the horn antenna.

4. RESULTS

The resonance frequencies of proposed LPMADGS are measured experimentally [shown in Figure 10(a)]
and compared with the simulated results shown in Figure 10(b) which meets the —10dB requirement.
There is a small deviation between simulated and measured results, i.e., measured resonance frequencies
are 7.65 GHz and 7.90 GHz, while simulated resonance frequencies are 7.575 GHz and 8.64 GHz due to
manufacturing errors. Figures 11(a), 11(b), and 11(c) show comparison of simulated and experimentally
measured radiation patterns in terms of 2D polar plots of LPMADGS at resonance frequencies 7.65 GHz,
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Figure 10. (a) Measured reflection coefficient in VNA (Agilent Technologies E5071C, 300 kHz-20 GHz).
(b) Simulated and measured reflection coefficient (S11) of the proposed LPMADGS.
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Figure 11. Experimentally measured and simulated co-planar and cross-planar radiation patterns at
resonance frequencies (a) 7.65 GHz, (b) 7.76 GHz, (c) 7.90 GHz.
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Table 3. Comparison of simulated and measured input reflection coefficients of the LPMADGS.

Simulated Results Obtained Results
Resonance Frequency (GHz) Si; (dB) Resonance Frequency (GHz) S;i; (dB)
7.575 —15.41 7.65 —26.23
8.64 —15.04 7.90 —25.66
Simulated Bandwidth: 1.50 GHz Measured Bandwidth: 0.91 GHz

7.76 GHz, and 7.90 GHz. The LPMADGS is in zy-plane whereas the strength of electric field is oriented
along z-direction in co-plane (phi = 0), and when antenna is in cross-plane (phi = 90) the polarization
of electric field gets oriented orthogonally with respect to co-plane. The radiation pattern shows the
omnidirectional characteristics shown in Figure 11 (for both simulated and experimentally measured
results) which were considered as appropriate for wireless technologies in the C-band.

5. CONCLUSION

A new design of log-periodic patch antenna with defected ground plane exhibiting wide-band
characteristic is simulated in CST microwave studio, fabricated on a double sided FR-4 substrate, and
experimentally tested in an anechoic chamber using a horn antenna and vector network analyzer. The
proposed patch antenna was simulated with ground plane, without ground plane, and with DGS at the
bottom layer. The patch antenna with DGS at the bottom layer resonated at 7.65 GHz and 7.90 GHz.
Table 3 shows the simulated values of reflection coefficients at corresponding resonance frequencies:
—15.41dB (f; = 7.575 GHz) and —15.04dB (f2 = 8.64 GHz), whereas the experimental values of input
reflection coefficients at their corresponding resonance frequencies are —26.23dB (f; = 7.65 GHz) and
—25.66dB (f2 = 7.90 GHz) suitable for C-band applications. The proposed antenna showed wide-
band reflection coefficients (0.91 GHz) in C-band with omnidirectional radiation patterns in co- and
cross-polarization states.
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