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and the bandwidth not cover the UWB communications. The
antennas with the multitudinous tuning stub for enhanced
more bandwidth [15-19] and the results can achieved the
impedance bandwidths of 110 %, support wideband
communications (WLAN, WiMAX) but the impedance
bandwidths cannot coverage UWB communications.
Moreover, the researcher is designed of the UWB antenna for
UWB systems [20-24]. These antennas can be achieved the
impedance bandwidth for UWB systems. In the future,
wireless communication is defined the frequency band more
than 7.5 GHz. Thus, it should design the slot antenna for
enhance super wide-bandwidth by using various tuning stub
and a techniques shifted tuning stub to left and right for
increase bandwidth for super UWB communication and other
wireless communications.
This paper presents characteristics of slot antenna to increase
bandwidth for super UWB communication systems. The
structure of the proposed antenna consists of a widerectangular slot on the ground plane, and fed by microstrip
line with slot-ring resonator (SRR) in rectangular tuning stub
on the other side. The slot antenna is analyzed for return loss
(S11), VSWR, input impedance (Zin), current distributions,
gain and far-field radiation patterns by using the IE3D
software. Moreover, a technique of asymmetrical SRR in
rectangular tuning stub shifted left/right can enhanced the
impedance bandwidth more than 7.5 GHz for super UWB
communication. From the simulated results of the proposed
slot antenna can achieve the impedance bandwidths support
the UWB and super UWB communication.

Abstract
In this paper presents characteristics of the wide-slot antenna
for super UWB communication systems. The proposed
antenna consists of a wide-rectangular slot on the ground
plane fed by microstrip line with slot-ring resonator (SRR) in
rectangular tuning stub on the other side. The simulated
results of characteristics slot antenna can achieve widen the
bandwidth of 118 % coverage the frequency band from 2.95
GHz to 11.40 GHz (8.45 GHz) coverage UWB operations.
Moreover, a technique of asymmetrical SRR in rectangular
tuning stub shifted left/right can enhanced the impedance
bandwidth more than 7.5 GHz for super UWB
communication. The simulated result of the slot antenna can
achieved the impedance bandwidth of 164% coverage the
frequency band from 2.90 GHz to 29.36 GHz (26.46 GHz) for
super UWB communication. The average gain of the proposed
antenna is 5dBi, and the far-field radiation pattern in xz-plane
and yz-plane of frequencies are bi-directional.
Keywords: Slot antenna, Bandwidth enhancement, Slot-ring
resonator (SRR)

INTRODUCTION
The Federal Communications Commission (FCC) gave formal
approval for the unlicensed use of ultra-wideband (UWB)
technology between 3.1 GHz to 10.6 GHz [1] for UWB
communication systems. The UWB technology is the most
important for wireless communication systems. Because, the
advantages of UWB technology are good noise immunity,
signals can penetrate variety of materials easily, high
immunity to multi path fading, potentially very high data rates
and low power, respectively. For this reason, challenges of
antenna design to increase more impedance bandwidth the
UWB and super UWB (more than 7.5 GHz) communication
systems.
The microstrip slot antenna is a device which can be used for
transmitting and receiving of the signals for wireless
communication systems. The advantages of this antenna are
light weight, low profile, low cost and small size. Therefore,
the many researchers are interested in developing this antenna
support for wireless communication. For example, design of
the antenna for a single frequency band [2-3], dual frequency
[4-6] and multi frequency [7-9]. These researches are
designed for specifically frequency band only for WLAN
operations. Moreover, the researchers are designed wideband
slot antenna for WLAN applications by using for enhanced
bandwidth [10-14]. The impedance bandwidths of the
antennas are 30% to 90%, support wideband communications

Figure 1: Structure of slot antenna using microstrip feed line
with slot-ring resonator in rectangular tuning stub
ANTENNA STRUCTURE AND DESIGN
The geometry and configuration of the wide-slot antenna fed
by microstrip line with slot-ring resonator (SRR) in
rectangular tuning stub are shown figure 1. The proposed
antenna consists of a wide-rectangular slot on the ground
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plane for used as a radiator, and fed by microstrip line with
slot-ring resonator (SRR) in rectangular tuning stub in another
side for excitation. The objective of the proposed slot antenna
is designed for super UWB communication. The proposed slot
antennas are fabricated on RO4000 substrate with thickness
(h) of 0.80 mm, relatively permittivity (r) of 3.5 and loss
tangent of 0.02, respectively. The configuration of the slot
antenna fed by microstrip line with slot-ring resonator (SRR)
in rectangular tuning stub are: length of the slot (Ls), width of
the slot (Ws), length of the tuning stub (ST1), width of the
tuning stub (ST2), length of SRR (RS1), outer width of SRR
(RS2), inner length of slot-ring in tuning stub (S1), inner
width of slot-ring in tuning stub (S2), as shown in figure 1. In
addition, a technique of asymmetrical SRR in rectangular
tuning stub shifted left/right for increase bandwidth more than
7.5 GHz for supper UWB communication, as shown in
figure 2.

THE SIMULATION RESULTS AND DISCUSSION
The microstrip feed line is designed with the conductor strip
line (Wm) of 1.5 mm corresponding to the characteristic
impedance of 50 ohms transmission line. The proposed
antennas are analyzed by using IE3D [26] software. The
proposed antenna design step by step as follows:
First, design of slot antenna fed by microstrip feed line is
designed for the resonance frequency at 3 GHz. Second,
modify the first slot antenna by added slot-ring resonator in
rectangular tuning stub at the edge of microstrip feed line for
increase bandwidth for UWB communication. Moreover, the
proposed design can be further enhanced by adjusting of SSR
tuning stub ST1, ST2, RS, RS12, and thickness (h) of 0.80
mm, relatively permittivity (r), respectively. The
characteristics studies of proposed antenna are shown step by
step as follow in next sections.

A. Effect of Adjusting Length of the Tuning Stub (ST1)
First, show an effect from adjusting the length of the tuning
stub (ST1). By adjusted ST1 to 10 mm, 12 mm and 14 mm by
fixed Ls = 24 mm, Ws =14mm, ST2= 7.5 mm, RS1 = 8 mm,
RS2 = 5.5 mm, S1= 3 mm, and S2 = 2 mm, respectively. The
simulated result of return loss (S11) in adjusting ST1 is shown
in Figure 3.

(a) SRR Shifted left

(b) SRR shifted right

Figure 2: slot antenna using microstrip feed line with slotring resonator with tuning stub in case shift left and right of
tuning stub
The guide wavelength (g) [25] at 3.0 GHz is given by
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where is the light velocity = 2.998 × 108 m/s, f is the design
frequency, εeff is an effective dielectric constant of the
substrate, εr is relative permittivity, h is the thickness of the
antenna and Wm is the width of the microstrip feed line.
Percent bandwidth of the antennas [25], is defined as
following
f  fl
(3)
BW  %   u
 100
f0
where

Figure 3: The return loss (S11) of the slot antenna in the case
adjusting ST1.

Figure 3 shown simulated results of the return loss (S11) in
three cases by adjusting the length of the rectangular tuning
stub (ST1), mainly influences the impedance matching at
frequencies to range from 3 GHz to 11 GHz and can increased
bandwidth at the high frequency band. The optimal dimension
of the tuning stub (ST1) is 12 mm and uses this value to study
other parameters of the tuning stub.

BW is the bandwidth of the antenna

f u is the edge of the high frequency
f l is the edge of the low frequency
f 0 is the center frequency
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Figure 5 shows the simulation return loss (S11) of the slot
antenna in case adjusting three values of the slot-ring
resonators (SR1). Its effect mainly influences the impedance
matching at high frequencies band from 6.5 GHz to 11 GHz
and the optimal dimension of SR1 is 8 mm.

B. Effect of Adjusting width of the Tuning Stub (ST2)
Second, study the effect of the tuning stub by adjusting the
width of the tuning stub (ST2). The parameter of ST2 is
adjusted to 6.5 mm, 7.5 mm and 8.5 mm by fixed ST1= 12
mm. The simulation results of return loss (S11) in adjusting
ST2, is shown in Figure 4.

D. Effect of Adjusting width of Slot-ring Resonators (SR2)
Fourth, adjust the inner width of slot-ring resonators (SR2) is
4.5 mm, 5.5 mm and 6.5 mm by fixed ST1 = 12 mm and ST2
= 7.5 mm and SR1 = 8 mm. The simulation results of return
loss by adjusting SR2 are shown in figure 6.

Figure 4: The return loss (S11) of the slot antenna in the case
adjusting ST2.

The simulated return loss (S11) in three adjusting ST2 are
shown in figure 4. It is shown that the width of the tuning stub
(ST2), mostly affect on impedance matching all frequencies
range from 3 GHz to 11 GHz. The optimized value of ST2 is
7.5 mm and use this value to study other parameters.

Figure 6: The return loss (S11) of the slot antenna in the case
adjusting SR2.
The simulated return loss (S11) of the slot antenna in case
adjusting SR2 is shown in Figure 6. It will affect the return
loss, mainly affect on enhance bandwidth at high frequency
bands. The optimal of SR2 is 5.5 mm.

C. Effect of Adjusting Length of Slot-ring Resonators (SR1)

E. Characteristics Dielectric Constant of Slot Antenna

Figure 5: The return loss (S11) of the slot antenna in the case
adjusting SR1.
Figure 7: The return loss (S11) of the slot antenna in the case
adjusting dielectric constant (r)

Third, a study characteristic of return loss by adjusts the
length of slot-ring resonators (SR1). The parameters of SR1 is
adjusted to 7 mm, 8 mm and 9 mm by fixed ST1 = 12 mm and
ST2 = 7.5 mm. The simulation results of return loss (S11) by
adjusting SR1, is shown in figure 5.

In this case, study characteristics of the relatively permittivity
or dielectric constant (r) of the slot antenna by change three
constant are 3.5, 4.5, and 5.5 and the simulation results are
shown in figure 7.
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Figure 7 shows simulated dielectric constant of the slot
antenna. It can be seen that the effect mainly influences the
impedance matching all the frequency range from 3 GHz to
11 GHz and enhance bandwidth at high frequency bands.
Therefore, selection of dielectric constant is affected to
increase bandwidth and a good impedance matching of the
slot antenna.

From the Characteristics of the slot antenna by adjusting six
parameters (ST1, ST2, SR1, SR1, r and h) which will effect
on matching impedance over the entire frequency band and
increase wide bandwidth for UWB operations. Finally, the
optimal value of tuning stub are ST1 = 12 mm and ST2 = 7.5
mm, and SR1 = 8 mm, SR2 = 5.5 mm, r = 3.5 mm, and h=0.8
mm, respectively. The simulation result of the proposed slot
antenna is shown in figure 9.

F. Characteristics Thickness of Slot Antenna

Figure 9 shows the simulated results of the return loss can
achieve widen the bandwidth of 118 % coverage the
frequency band from 2.95 GHz to 11.40 GHz (8.45 GHz) for
UWB operations. The simulated results of VSWR of this
antenna may be considered as VSWR ≤ 2, coverage the
frequency band from 2.95 GHz to 11.40 GHz. The input
impedance at the frequency range from 2.95 GHz to 11.40
GHz is nearly 50 ohms of the transmission line.

In this case, study characteristics of the thickness of the slot
antenna by change three thicknesses are 0.4, 0.8, and 1.6 mm.
The simulation results of return loss (S11) in case change
thickness are shown in figure 8.

H. Bandwidth Enhancement Techniques of Slot Antenna
with SRR in Tuning stub
In addition, extended the slot antenna with SRR in tuning stub
is presented in Figure 1. By using a technique shifted SRR in
tuning stub to left/right for enhancing bandwidth, are shown
in figure 2(a) and 2(b). In this study two cases: SRR stub
shifted left and SRR stub shifted right. The optimal value of
tuning stub are ST1 = 9.5 mm and ST2 = 8.6 mm, and SR1 =
5 mm, SR2 = 3.5 mm, S1= 1.5 mm, and S2 = 2 mm, r = 3.5
mm, and h = 0.8 mm, respectively. The simulated result of the
slot antenna is shown in Figure 10.

Figure 8: The return loss (S11) of the slot antenna in the case
adjusting h

Figure 8 shows simulated in case change thicknesses of slot
antenna, mainly affect influences the impedance matching at
frequencies range from 3 GHz to 11 GHz.

G. The Wide-Slot Antenna with Slot-Ring Resonator in
Tuning Stub for UWB Applications

Figure 10: The return loss (S11) of the slot antenna in the case
shifted left/right of SRR in tuning stub

Figure 10 shows the simulated return loss of the slot antenna
with ring-shaped tuning stub in case shift left/right of tuning
stub. The impedance bandwidth of the proposed antenna is
well matched as the 10-dB return loss, and the impedance
bandwidth of 164% coverage the frequency band from 2.90
GHz to 29.36 GHz (26.46 GHz) has been achieved.
The simulated result of VSWR of the slot antenna is
considered at VSWR ≤ 2, coverage the frequency band from
2.90 GHz to 29.36 GHz. The input impedance of the

Figure 9: The return loss (S11) of slot antenna with SRR
tuning stub
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frequency band from 2.90 GHz to 29.36 GHz is nearly 50
ohms of the transmission line, as shown in figure 10.
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plane (Azimuth pattern) is Omni- directional and the x-z plane
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Figure 13 shows simulated gains of the proposed antenna at 330 GHz, it can see that the maximum gain of 7 dBi at 14.5
GHz and the average gain of the proposed antenna is 5.5 dBi.
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