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Abstract

In this paper, the design and analysis of a printed antenna based on a defected ground structure for multiband applications is introduced.
The proposed antenna consists of two rectangular slots like an inverted stair. Different five strip lengths are in the area of an inverted
stair slot. Four strips are equal in width and horizontally located inside the main two rectangular slots. The fifth strip is the smallest one
in the middle of the structure in the ground plane. The microstrip line exists only on the front side plane and parallel to the fifth strip.
The antenna is printed on a hydrocarbon ceramic substrate with a dielectric constant of 3.55 and a size (40 x 45 x 1.524) mm?. The
proposed antenna is designed by using an electromagnetic simulator based on the finite element method. To verify the suggested
approach, the multiband antenna is fabricated and tested. The simulation and measurement results indicate that the antenna has good
input-impedance bandwidths (S;; <—10 dB) that extend in the range of 2 to 14 GHz. The six operating frequencies are (2.58, 6.03, 6.25,
7.89, 11.64, and 12.24) GHz. This antenna has good gains and high efficiencies at all resonance frequencies.

Keywords: Printed antenna; Multiband applications; Defected ground structure; Slot antenna

Coklu Bant Uygulamalari icin Bozuk Zemin Yapisina Sahip Basili Bir Anten
Tasarim

Oz

Bu c¢aligmada, ¢ok bantli uygulamalar i¢in kusurlu bir zemin yapisina dayali basilt bir antenin tasarimi ve analizi tanitilmaktadir.
Onerilen anten, ters ¢evrilmis bir merdiven gibi iki dikdortgen yuvadan olusur. Ters ¢evrilmis bir merdiven yuvasi alaninda farkl bes
serit uzunlugu vardir. Dort gerit esit genisliktedir ve ana iki dikdortgen yuvanin igine yatay olarak yerlestirilmistir. Besinci serit, yer
diizleminde yapimin ortasindaki en kiigiik serittir. Mikroserit ¢izgisi yalnizca 6n yan diizlemde ve besinci seride paralel olarak bulunur.
Anten, dielektrik sabiti 3.55 ve boyutu (40 x 45 x 1.524) mm3 olan bir hidrokarbon seramik substrat iizerine basilmistir. Onerilen anten,
sonlu elemanlar yontemine dayali bir elektromanyetik simiilatdr kullanilarak tasarlanmugtir. Onerilen yaklasimi dogrulamak igin ¢ok
bantl anten tiretilmis ve test edilmistir. Simiilasyon ve 6l¢lim sonuglari, antenin 2 ila 14 GHz araliginda genisleyen iyi giris empedans
bant genisligine (S11 < -10 dB) sahip oldugunu géstermektedir. Alt1 ¢alisma frekansi (2.58, 6.03, 6.25, 7.89, 11.64 ve 12.24) GHz'dir.
Bu anten, tiim rezonans frekanslarinda iyi kazanimlara ve yiiksek verimlilige sahiptir.

Anahtar Kelimeler: Basili anten; Coklu bant uygulamalari; Arizali zemin yapisi; Yuva anteni.
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1. Introduction

Nowadays, wireless communication systems have
progressed very rapidly and hence increased the need to provide
antennas with a large bandwidth for multiband applications.
Besides, devices are getting to be so small with monolithic
microwave integrated circuit (MMIC) and compact antennas.
Therefore, multiband antennas attracted a great interest in
wireless services such as WI-FI, weather radar systems, long-term
evolution (LTE), 4G, 5G, satellite TV, and so on. Each wireless
system requires a large impedance bandwidth and a stable
radiation pattern over its operating frequency range. The
multiband antenna designs, which published in wireless
communications are heading towards covering more than one
resonance frequency band like the dual band [1], the triple band
[2],[3], and quad band applications [4],[S]. On the other hand,
printed antennas are popular candidates for providing multiband
characteristics due to the lightweight features, low cost, and easy
fabrication [6].

The popular printed antennas are as microstrip antennas, slot
antennas, monopole antennas, and fractal antennas [7]. To design
printed multiband antennas, different techniques are used such as
defected ground structure (DGS), defected microstrip structure
(DMS), band-notch, and meander line. A band notch was used to
get a multiband antenna operating at four resonance frequencies
in the region (2-8) GHz in [8]. A meander line was used as a DGS
in [9] to operate at four resonance frequencies in the region (1-
7.5) GHz. DMS was applied in [10] to generate three bands for
WIMAX, WLAN, and X-band applications. In [11], triple notch
bands were applied to resonate in the region (2-12) GHz for
WBAN applications. Printed slot antenna with slot defects on the
ground plane operating at five bands has been successfully
designed in [12]. DGS and DMS techniques are reported in [13]
as defected structures to design a microstrip multiband antenna in
mirror stairs shaped that resonates at six frequencies.

In this paper, the proposed multiband printed antenna design
is based on the DGS technique by etching two rectangular slots
with different dimensions attached with each other in the ground
plane. Four horizontal rectangular strips are added inside the main
slots, each two strips with different lengths, and narrow vertical
strip with 0.5 mm width located under and parallel to the
microstrip line. While on the top of the substrate, there is a
microstrip line in the center only. The proposed antenna is
designed and simulated using an electromagnetic simulator based
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on FEM. Six resonance simulated frequencies of (2.58, 6.03, 6.25,
7.89, 11.62 and 12.24) GHz are obtained. The first band (2.44-
2.79) GHz covers digital multimedia broadcasting (DMB) and
weather radar applications. The 5G sub-7GHz and Wi-Fi
applications are covered by the second and third resonance
frequencies which are found in the band (5.88-6.39) GHz. The
band (7.5-8.25) GHz is suitable for ITU-8 GHz band
communication services. The last two bands integrated in one
band in frequency range (11.27-12.69) GHz is suitable for satellite
TV application.

2. Analysis of The Proposed Antenna

The geometry of the proposed printed multiband antenna is
shown in Fig .1. The proposed antenna has a RO4003c substrate
with a size (45 x 40 x1.52) mm?, a dielectric constant (g= 3.55),
and a return loss (tan 3 = 0.0027). On the substrate top, there is
only a microstrip line of feeding length (L¢) and width (Wy). On
the other side, the bottom of the substrate, there is a ground plane
that consists of two defected rectangular slots connected with each
other, and five strips designed in the rectangular slots. The larger
slot is shifted to right by 1mm from the center comparable to the
left slot that is around the vertical narrow strip with 0.5 mm width.
The second smaller rectangular slot is shifted to the left by 1.25
mm from the center with respect to the left slot around the vertical
narrow strip with 0.5 mm width. The horizontal strips in the
ground are not equal in length and all of them with 1 mm away
from the slots’ boundary. In Table 1, all parameters of the
proposed printed antenna are shown.

Table 1. The designed parameters of the proposed antenna

Value Value
Parameter Parameter
(mm) (mm)
L 40 S 2.25
W 45 Lsy 23.25
Ls 35 M1 1
Wt 34 M, 1
Lm 1 Ms 0.5
W, 4 W 5.25
S: 3 W3 5
Ls; 335

®)

Fig. 1: The proposed antenna (a) front view (b) back view.
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The performance of antenna was optimized using HFSS simulator
based on FEM [14]. Fig. 2 shows the reflection coefficient of the
proposed antenna. The effect of the length (L) and width (Wr) of
feeding line on the antenna’s performance is depicted in Fig. 2(a)
and (b) respectively, causing a shift in certain resonance
frequency and enhancing the other. From Fig. 2(c), it can be seen
that increasing the distance between horizontal strips (W),
decreased the resonant frequency. The simulated reflection
coefficient response with different values of small slot width (S»)
is shown in Fig. 2(d). Fig. 2(e) shows that the width of vertical
strip (S2) under the transmission line is almost acting only on the
first resonance frequency. The sequence of the proposed design
by removing the strips is shown in Fig. 2(f): At first, design A,
when removing the two small horizontal strips from the proposed
design that has a significant effect at higher frequencies. Then, in
design B, the smallest strip which under and parallel to the
transmission line is removed. Finally, the biggest horizontal strips
are taken off in design C. when removing the two small horizontal
strips from the proposed design that has a significant effect at
higher frequencies. Then, in design B, the smallest strip which
under and parallel to the transmission line is removed. Finally, the
biggest horizontal strips are taken off in design C
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Fig. 2: The simulated reflection coefficient for the proposed
antenna with different configurations: (a) length of feeder (Ly),
(b) width of feeder (Wy), (c) the distance between horizontal
strips (W1), (d) width of small slot (S,), (e) width of vertical
strip (M3), (f) sequence of designed proposed antenna.

From the reflection coefficient results, the best performance
of the proposed antenna design parameters are as follows: length
of feeder (L;), width of feeder (Wy), distance between the
horizontal strips (W), width of small slot (S,), and width of
vertical strip (M3) are (35, 3.4, 4, 2.25, and 0.5) mm, respectively.

3. Results and Discussion

The proposed multiband printed antenna performance was
discussed in the previous section. The proposed antenna was
fabricated, and the reflection coefficient was measured by using
Rohde & Schwarz ZVB 20 Vector Network Analyzer. The front
and back side of the fabricated antenna are presented in Fig. 3. To
achieve multiband operation for the slot printed antenna, the slot
length of each radiating element must be around Ag/2 [15].
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where & is the effective dielectric constant
(er+ 1)
E, " —m
€ 2
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Fig. 3: The fabricated antenna (a) front view (b) back view.

The simulated and measured results of the reflection
coefficient (Si1) are shown in Figure 4. A good agreement between
the simulation and measurement results is obtained in region from
2 to 14 GHz. The measured impedance bandwidths achieved are
2.537-2.918 GHz with a bandwidth of 0.381 GHz (13.97%), two
integrated bandwidths around 6.149 GHz with (S;;=-13.377 dB)
in the range of (5.899-6.149) GHz with a bandwidth of 0.25 GHz
(4.15%), (6.149-6.412) GHz with bandwidth of 0.263 GHz
(4.187%). The last two bands are considered as a wideband of
(5.899-6.412) GHz with a bandwidth of 0.513 GHz (8.334%) for
[S11| < —10 dB, (7.815-8.353) GHz with a bandwidth of 0.538
GHz (6.655%), two integrated bandwidths around 12.365 GHz
with (S11 =-12.3 dB) in the range of (11.12—-12.365) GHz with a
bandwidth of 1.245 GHz (10.6%), (12.365-13.059) GHz with a
bandwidth of 0.694 GHz (5.453%), the two bands are considered
as a wideband of (11.12—-13.059) GHz with a bandwidth of 1.939
GHz (16.039%) for |S11] <—10 dB. A comparison of the S;; data
for all the operating frequencies is summarized in Table 2.

o
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Fig. 4: The simulated and measured reflection coefficient of the
proposed antenna.

The simulated peak gains and efficiency of the proposed
printed antenna, fed by a microstrip line, are plotted in Fig. 5(a)
and 5(b), respectively.
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Fig. 5: (a) The simulated gain of the proposed antenna, (b) The
simulated efficiency of the proposed antenna

The simulated results of the gain show the values (3.22, 4.62,
5.5,5.63,5.43 and 5.34) dB at (2.58, 6.03, 6.25, 7.89, 11.62, and
12.24) GHz, respectively. The simulated antenna efficiency at the
operating frequencies is given by (79.29, 79.28, 77.24, 82.48,
90.35, and 97.70) % at (2.58, 6.03, 6.25, 7.89, 11.62, and 12.24)
GHz, respectively.

The simulated radiation patterns of the proposed antenna for
the E-plane (Y-Z plane) and the H-plane (X-Z plane) are shown
in Fig. 6.

Table 2: Simulated and measured return losses of the proposed printed antenna

Resonance Simulation 2.584 6.03 6.25 7.892 11.616 12.238

Frequency

(GHz) Measurement 2.703 6.053 6.288 8.063 11.964 12.756

S1(dB) at Simulation -29.387 -18.48 -27.72 -35.775 -20.739 -36.31

Resonance

Frequency Measurement -33.255 -16.797 -23.013 -25.681 -24.327 -25.08

Frequency Simulation 2.44-2.79 5.88-6.109 | 6.109-6.39 | 7.50-8.25 11.27- 11.857-

Region (GHz) 11.857 12.69
Measurement 2.537- 5.899- 6.149- 7.815- 11.12- 12.365-

2918 6.149 6.412 8.353 12.365 13.059
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Fig. 6: The simulated radiation patterns of the proposed multiband
printed antenna. (a)E-plane at 2.58, 6.03, 6.25, 7.89, 11.62 and
12.24 GHz. (b) H-plane at (2.54, 6.03, 6.25, 7.89, 11.62 and
12.24) GHz.
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4. Conclusions

A new multiband printed antenna is designed, simulated,
fabricated, and measured. It has two rectangular slots as defected
on the ground plane and five strips located inside the two slots.
The proposed antenna operates at four bands, (2.44-2.79, 5.88-
6.39,7.5-8.25,11.27-12.69) GHz. The designed antenna has been
successfully simulated by using finite element method simulator.
The antenna is fabricated on RO4003C substrate with dimension
(45x 40) mm? to verify the simulation results. The measured
results showed a good agreement with the simulation results for
the reflection coefficient. The simulated gain varies from 3.22 to
5.63 dB at the operating frequencies. The presented antenna has
simulated efficiencies of (79.29, 79.28, 77.24, 82.48, 90.35, and
97.70) %, respectively. This makes the antenna design suitable for
DMB, weather radar, 5G Sub-7GHz, Wi-Fi, ITU-8 GHz band
communication, and satellite TV applications.
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