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Abstract. The rectangular slot antenna with rectangular
stub for a wide impedance bandwidth is proposed. In addi-
tion, the interference frequency band has been rejected by
placing the folded parasitic line surrounding the rectan-
gular stub of the presented antenna. The bidirectional
radiation patterns are obtained at all operating frequen-
cies. Also, the average gain of the presented antenna is
approximately 3 dBi. The antenna properties such as re-
flection coefficient, radiation patterns and gains are evalu-
ated via numerical simulation and measurement. The pre-
sented antenna can support the multiple band operation at
frequency bands of 824-960 MHz and 1710-2485 MHz.

Keywords

Wideband,
frequency

slot antenna, parasitic line, notched

1. Introduction

Nowadays, wireless communication systems, which
use antennas to radiate or receive electromagnetic waves,
have been grown very fast wherever in mobile communi-
cations, warehouse manufacturing systems, industrial
communications, medical services, and etc. [1-4]. Also,
many wireless communication systems require antennas
responding to multiband operation with low profile. How-
ever, multiband antennas could be designed by using either
multi-resonators or wideband notch technique to produce
multiple band operation [5-8].

In literature review, the antenna with multiple reso-
nators was proposed consisting of a two-strip monopole
and a meandered strip line for responding to low and high
resonant frequencies, respectively [9]. Next, the antenna
using parasitic element was designed to perform three
resonant modes [10]. This antenna includes the L-shape
stub acting as the transmission line, and a U-shape stub for
responding to the first and second resonance frequencies.
Also, the third resonant frequency of the antenna was
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occurred due to the slot of the U-shape stub. Especially, the
multiband antenna composing of the monopole strip line
connecting to the bow-tie patch to radiate at the first and
third resonant frequencies, respectively, and the parasitic
loop placed on the bottom layer responding to the second
resonant frequency was presented in [11]. As the previous
reviews, the multiband antennas designed by using multi-
ple resonator technique can radiate independently electro-
magnetic field at each resonant frequency. However, it is
very difficult for designing this type of antenna because the
electromagnetic coupling between resonators affects to the
impedance bandwidth.

Moreover, multiband antennas could be produced by
creating the conventional wideband antennas with fre-
quency band notches. This technique can be helpful to
reduce the filter circuit components used to filter out the
undesired interference frequencies in the mobile communi-
cation system. In [12], the multiband antenna was proposed
by creating the wideband antenna with step impedance
resonator (SIR). The SIR was built on the CPW-fed trans-
mission line for rejecting unwanted frequency of X-band
by tuning an embedded inner stub. However, it can be
found that the antenna has the limited area on transmission
line to design the frequency band notch, resulting in labo-
rious design on transmission line at low frequency band. In
[13], the wideband antenna consisting of a circular patch to
produce the wideband frequency operation was proposed.
The U-shape slot was inserted in the circular patch to reject
the WLAN frequency band. Also, the wideband antenna
with complementary split-ring resonators in the T-stub was
presented in [14]. As the previous reviews in [13], [14], it
can be noticed that it was difficult to design the frequency
band notch at the low frequency band because of the lim-
ited space in the region of either the patch or stub. There-
fore, in order to eliminate the limitation of low frequency
band notch design, the ultra wideband slot antenna with
a parasitic element for notching frequency band was pro-
posed in [15]. The antenna composes of the circular slot,
circular patch, and C-shaped parasitic strip. The C-shaped
parasitic placed inside the circular slot is used to reject the
undesired frequency band. Also, the ultra-wideband slot
antenna with parasitic open-circuit stub was presented
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in [16]. It has been found that the notched frequency band
can be varied by adjusting the open-circuit stub. However,
both presented antennas in [15], [16] have very narrow
band notches and it is very difficult to create the band
notches at low frequency due to limited spaces for parasitic
elements. Therefore, this technique may not be suitable to
use for multiple band operation in some modern wireless
communication systems. To overcome this problem, a new
folded step parasitic line is proposed to be used with a con-
ventional wideband slot antenna in this paper. By using
this technique, not only the notched band at lower frequen-
cy can be obtained but also the impedance bandwidth can
be easily adjusted.

The proposed antenna consists of a rectangular slot
with a rectangular stub to generate the wideband operation.
Coupled electromagnetic fields between the antenna and
the folded step parasitic line will create a notched fre-
quency. Furthermore, the notched frequency band can be
independently adjusted even at the low frequency due to
there is no area limitation of antenna slot. Especially, the
proposed antenna can cover the operating frequency bands
of GSM 850 (Global System for Mobile communication)
(824-894 MHz), GSM 900 (890-960 MHz), DCS 1800
(Digital Communication System) (1710-1880 MHz),
PCS 1900 (Personal Communication System) (1850 to
1990 MHz), UMTS 2100 (Universal Mobile Telecommu-
nication System) (1920-2170 MHz), and WLAN
IEEE802.11b/g (Wireless Local Area Network) (2400 to
2484 MHz). The significant parameters of the proposed
antenna will be investigated by using the CST microwave
studio software. The presented antenna prototype will be
determined and experimented.

The organization of the paper consists of antenna de-
sign in Sec 2. Then, parameter study will be performed in
Sec. 3. Also, simulation and experiment of antenna char-
acteristics will be verified in Sec. 4. Finally, results and
conclusions of the presented antenna are given in Sec. 5.

2. Antenna Design

Figure 1(a) illustrates the configuration of the pre-
sented antenna with folded parasitic line. It composes of
a rectangular slot and a rectangular patch stub to perform
wideband operation. In addition, the folded parasitic line,
as depicted in Fig. 1(b), is placed on the surrounding of the
rectangular patch stub to create a notched band for pre-
venting unwanted frequency. Also, the rectangular patch
stub is excited by connecting with the 50 Q microstrip line
(We=3 mm) fed by the SMA connector. The presented
antenna is designed on the substrate of FR-4 with the
thickness /# of 1.6 mm and the relative permittivity &, of
4.1.

Therefore, the rectangular patch stub is evaluated and
optimized to cover the high frequency of the wideband an-
tenna, which has the dimension (L, x ;) of 30.5 x 47 mm?>,
Moreover, the rectangular slot with the dimension of
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Fig. 1. Antenna configuration of (a) top and bottom layers and

(b) folded parasitic line.
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Fig. 2. Simulated reflection coefficients of the wideband slot
antennas with and without folded parasitic line.

(W x Ly) 75.5 x 49 mm? is determined to reinforce the low
and high frequencies of the wideband antenna. As the re-
sults, the conventional wideband slot antenna can be cre-
ated. Consequently, the convention wideband slot antenna
will be combined with the folded parasitic line to create the
undesired frequency rejection band as the result depicted in
Fig. 2. It can be clearly seen that the wideband antenna
with the folded parasitic line has lower reflection coeffi-
cient level than the wideband antenna without it at the
resonant frequency of 1.44 GHz, as a notched frequency.
The simulated notch bandwitdth is about 700 MHz (from
977 MHz to 1.7 GHz) caused by the step impedance of the
folded parasitic line. Due to its low impedance, the folded
parasitic line absorbs a large amount of current distribution
to create a wideband notch at the resonant frequency of
1.44 GHz. However, it is not either disturbed or slightly
disturbed total radiation impedance of the antenna at ranges
of 824-960 MHz and 1710-2485 MHz.

In order to investigate antenna parameter affecting to
the notched frequency and impedance bandwidth, the
significant parameters of Lp;, W, and g of the presented
antenna will be explored in next section.
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3. Parametric Study

This section presents the investigation of significant
parameters to comprehend behaviors of the proposed an-
tenna and evaluate the optimum values. Before investigat-
ing the significant parameters of Lp;, W, and g to under-
stand and observe the antenna behavior such as a notched
frequency, resonant frequency, and impedance bandwidth,
the optimum parameters of the presented antenna have
been fixed as following: W, =57.5 mm, W= 69.5 mm,
Wy=1mm, W=47Tmm, W;=3mm, W=84.5mm,
Ly=3mm, Lp=7mm, L=305mm, Lg=21.5mm,
L=49 mm, L =92 mm, S= 0.5 mm.

In order to investigate the notched frequency re-
sponse, the significant parameters of W;=75.5 mm,
g = 1.5 mm should be initiated. Also, the parameter Lp; has
been altered to 27 mm, 31 mm, and 35 mm, respectively, to
observe the effect of notched frequency, as results illus-
trated in Fig. 3. When increasing the value of parameter Lp;
as depicted in Fig. 3, it has been clearly found that the
notched frequency shifts to the lower frequency because
the electrical length of the folded parasitic line is extended.
Moreover, the lower cut off frequency of the second band
shifts to the lower frequency and impedance bandwidth
widens because the extending of the parameter Lp; is close
to the upper ground side of the bottom layer, resulting in
the electromagnetic coupling effect between them. How-
ever, the parameter Lp; =31 mm should be selected to
avoid the interference frequency and remain for supporting
sufficient operating frequency band of 1710 to 2485 MHz.

Additionally, the resonant frequency will be investi-
gated by varying the parameter W;. In Fig. 4, it could be
obviously seen that the first resonant frequency shifts to the
lower frequency, as increasing the parameter W=
71.5 mm, 75.5 mm, and 79.5 mm while the parameters of
Lp;=31 and g= 1.5 mm are fixed, due to the increasing
electrical length of the inner slot of the presented antenna,
resulting in the narrow impedance bandwidth in the second
resonant frequency band. Especially, the optimum value of
parameter W= 75.5 mm has been chosen to create the pre
sented antenna covering the operating frequency bands of
824-960 MHz and 1710-2485 MHz. Furthermore, as the
parameters of Lp;=31 mm and W;=75.5 mm fixed, the
impedance bandwidth of the presented antenna could be
observed by varying the parameter of g =0 mm, 1.5 mm,
and 3 mm, respectively. As the results illustrated in Fig. 5,
it has been noticed that the upper frequency of the first
frequency band shifts to the higher frequency and the im-
pedance bandwidth is improved as increasing the parame-
ter g=0mm, 1.5 mm, and 3 mm, respectively because of
the matching impedance of the antenna closed to 50 ohm at
the operating frequency band. However, the parameter
g =1.5mm is suitable to obtain the desired operating fre-
quency bands of 824-960 MHz and 17102485 MHz.
Therefore, the optimum parameter values of Lp; =31 mm,
Ws =75.5mm, and g= 1.5 mm are obtained and used to
fabricate the presented antenna.

Aok,
n = n = n
1 ) 1 L

=204

254

=304

Reflection coefficient (dB)

- - (LpJ =27 mm.)
-35 —— (Lp_‘ =31 mm.)
A (L, =35 mm.)

-40 T T T T
0.5 1.0 15 20 2.5 3.0
Frequency (GHz)
Fig. 3. Simulated reflection coefficients of the presented

antenna as varied Ly3= 27 mm, 31 mm, and 35 mm.
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Fig. 4. Simulated reflection coefficients of the presented an-

tenna as varied W= 71.5 mm, 75.5 mm, and 79.5 mm.
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Fig. 5. Simulated reflection coefficients of the presented
antenna as varied g = 0 mm, 1.5 mm, and 3 mm.

4. Results and Discussion

In this section, the presented antenna is fabricated on
the FR4 substrate with the dimension of (W xL)
84.5 x 92 mm” etched by milling machine as the prototype
antenna shown in Fig. 6. Therefore, the simulated and
measured reflection coefficients of the presented antenna
are compared as shown in Fig. 7. It can be clearly found
that the simulated and measured results agree very well
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covering the operating frequency bands of 824-960 MHz
and 17102485 MHz.

Additionally, the simulated current distribution will
be investigated to verify the antenna mechanism as shown
in Fig. 8. At the frequency of 900 MHz, the major current
distribution flows through the outer edge of the slot on
metallic ground at the antenna bottom layer, which has the
electrical length about 1 A, as depicted in Fig. 8(a). It has
been noticed that the outer edge of slot responses to the
first frequency band of 824-960 MHz. As the results
shown in Fig. 8(b), it can be clearly seen that the main cur-
rent distribution is occurred on the rectangular stub edge to
propagate the electromagnetic filed at inner slot, which it
has the electrical length about 1 4, at the operating fre-
quency of 1800 MHz. Moreover, the simulated current
distribution is evaluated at the operating frequency of
2450 MHz as illustrated in Fig. 8(c). It has been found that
the current distribution flows on the upper edge region of
the rectangular stub. This results in tilting the electromag-
netic field radiation of the main beam at the angle of
330 degree and 210 degree in YZ-plane at the operating
frequency of 2450 MHz. Especially, the notched frequency
of the antenna can be verified by current distribution on the
folded parasitic line as shown in Fig. 8(d). As the result, it
has been noticed that the major current distribution flows
on the folded parasitic line at the notched frequency of
1437 MHz. The folded parasitic line performs as a load to
absorb the electromagnetic field, which the result can be
considered with the antenna gain as illustrated in Fig. 9.
However, in the measured result, the lowest gain is slightly
shifted from 1437 MHz to the higher frequency due to
a little antenna fabrication error. It has been indicated that
the antenna gain responds to the operating frequency bands
of 824-960 MHz and 1710-2485 MHz and the gain is
eliminated at the notched frequency of 1437 MHz con-
sistent with the current distribution flowing in Fig. 8(d).
However, the antenna average gain is approximately 3 dBi
at the angle of 0 degree at the operating frequencies. The
measured radiation patterns of the presented antenna at all
operating frequencies are depicted in Fig. 10. It has been
clearly found that the cross polarization patterns expand
when the frequency is higher than 1800 MHz. This is due
to the current distribution flowing through the rectangular

Fig. 6. Prototype of the fabricated slot antenna with folded
parasitic line.
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Fig.7. Simulated and measured reflection coefficients of the
presented antenna.
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Fig. 8. Simulated results of current distribution at the
operating frequencies of (a) 900 MHz, (b) 1800 MHz,
(c) 2450 MHz, and notch frequency of (d) 1437 MHz.
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Fig.9. Simulated and measured total gains of the presented
antenna.

stub edge in the horizontal (x-axis) increase as accordingly
shown in Figs. 8(b) and 8(c). Moreover, the radiation
patterns of the presented antenna are bidirectional at all
operating frequencies.



RADIOENGINEERING, VOL. 25, NO. 4, DECEMBER 2016

697

5. Conclusion

The wideband rectangular slot antenna with rectan-
gular stub and folded parasitic line is presented. The an-
tenna creates a frequency rejection band for eliminating the
interference frequency resulting from the folded parasitic
line. The proposed antenna can operate at the frequency
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bands of 824-960 MHz and 1710-2485 MHz. Further-
more, the radiation patterns of the presented antenna are
still bidirectional at the operating frequencies supporting
applications of GSM 850, GSM 900, DCS 1800,
PCS 1900, UMTS, and WLAN IEEE802.11b/g systems.
The proposed antenna can be applied for mobile repeaters
in subway tunnels or corridors.
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