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Abstract

In this paper, a new reconfigurable microstrip fractal ultra-wideband antenna with a capability
of variable rejection frequency bands is presented. The main patch of this antenna has two
modified C-shaped gaps. Also, on these c-shaped gaps, 10 ideal MEMS switches are used
to produce band-notch frequencies at six different frequencies of: 5.4 GHz (5.2-5.5),
58 GHz (5.7-5.9), 6.1 GHz (5.9-6.3), 7 GHz (6.9-7.2), 7.9 GHz (7.7-8.1), and 8.4 GHz
(8.2-8.6). This antenna is fed by a 50 Q2 microstrip line and works in a wide bandwidth of
2.9-11 GHz. The antenna is designed and fabricated on an inexpensive substrate of FR4.
Dimensions of the antenna are 31.2 x 38.4 mm. Measurement and simulation results are in
good agreement.

Introduction

The fast development of the ultra-wideband (UWB) antennas has been noticed by researches
in recent years. According to the Federal Communications Commissions (FCC), UWB anten-
nas operate in the frequency ranges of 3.1-10.6 GHz [1].

So far, several methods are used to obtain rejection frequency bands at the operation fre-
quency band of UWB antennas. The author in [2] had obtained a rejection frequency band by
using a slot on the patch. In [3], curved lines on the ground plane cause rejection bands. Use of
two U-shaped gap on the ground plane [4], L-shaped slot on the defected ground plane [5],
and hexagonal patch with a hexagonal slot on it [6] and octagon-shaped patch with a
C-shaped slot on the truncated ground plane [7] are other techniques used to achieve rejection
frequency bands.

On the other hand, advances in microwave semiconductor processing technologies have
enabled the use of compact and high-quality radio frequency and microwave switches in
novel aspects of antenna design [8-10]. As known, the switches have different types such as
pin diode switches [11-12], optical switches [13], capacitive switches [14], mechanical [15],
and microelectromechanical system (MEMS) switches [16]. The most important switches in
antenna applications are electromechanical MEMS switches which have electrical and mech-
anical parts. For example, in [17], by using MEMS switches, a reconfigurable multi-band
antenna is presented.

Fractal antennas have irregular geometry which can be divided into several parts and each
one contains more parts. The first fractal is discovered in 1975 by Benoit Mandelbrot. Fractals
have a lot of applications in engineering. Fractal antennas are used in array antennas. They
have multiband applications. It is possible to achieve compact components by fractal antennas.
Designing low-cost antennas is probable by fractal antennas [18, 19].

In this paper, a new UWB microstrip fractal antenna based on the Koch fractal method is
introduced. The proposed antenna has two c-shaped slots. Also, 10 MEMS switches in ideal
condition are used to create band notch in six frequency bands of 5.2-5.5, 5.7-5.9, 5.9-6.3,
6.9-7.2, 7.7-8.1, and 8.2-8.6 GHz. These frequency bands are in interference with WLAN
and WiMAX applications. The organization of this paper is as follows: section “Antenna
design” reviews the basic idea of our UWB reconfigurable antenna. Also, in this section, the
geometry and operation mechanism of the proposed antenna is described. Section “Results
and discussion” demonstrates the validity of the designed antenna through numerical analysis
of simulation and experimental results of the fabricated antenna. Finally, the conclusion is
given in section “Conclusion”.

Antenna design

Figure 1. shows the initial structure of the proposed microstrip UWB antenna. In order to
increase the bandwidth of the antenna, a defected ground plane is used. Also, in order to
reduce the dimensions of the proposed antenna, fractal structure (based on the Koch method)
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Fig. 3. Final geometry of the proposed reconfigurable microstrip UWB antenna with
10 switches in C-shaped slots.

is considered for the patch of the antenna. Figure 1(c) displays the
magnitude of Sj; for this antenna without slots.

Dimensions of the proposed antenna are: L = 38.40 mm, L1 =
14.76 mm, W=31.20 mm, D=1.83 mm, Lg=11.16, Ls=4.38,
and Ws=4.08.
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Fig. 2. (a) The antenna structure. (b) Curve magnitude of S;;
of the proposed microstrip UWB antenna with C-shaped
slots.

Subsequently, two modified C-shaped slots are considered on
the patch of the proposed antenna to produce the desired band
notches. Figure 2 (a) presents the structure of the proposed antenna
with C-shaped slots. As presented in [20], the notch frequency given
in the dimension of the band-notch can be written as

c

f - ZL4 / Eeff ’

(Y]

where L is the total length of the C-shaped slot, . is the effective
dielectric constant, and cis the speed of the light. We used this equa-
tion to calculate the initial length of a single C-shaped slot at the
beginning step of the design. However, the simulations showed
that in this stage, the desired frequency notch cannot be achieved.
Therefore, in order to achieve the desired frequency notch at
WLAN bands, a second mirrored C-shaped slot is chosen and
added onto the radiation patch. Finally, the analysis of the notch
with different widths and lengths of the slots is performed by HFSS
software to get the optimized values. The final values are F=
3.50 mm, G =9.60 mm, k =3.60 mm, ¢ = 1.20 mm, z=4.20 mm.

The magnitude of S;; for this antenna is shown in Fig. 2(b). As
can be seen in this figure, by using two slots, a frequency band
notch of 5.4 GHz (5.2-5.5) is produced.

Finally, 10 ideal MEMS switches are considered in the
C-shaped slots to control the frequency band notches. The final
structure of the proposed reconfigurable microstrip fractal UWB
antenna is shown in Fig. 3.
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Fig. 4. Photographs of our fabricated reconfigurable antennas in six states. (a) All switches are OFF, (b) state Il (V and C are ON), (c) state Ill (A and P are ON), (d)
state IV (S and B are ON), (e) state V (D and M are ON), and (f) state VI (R and E are ON).

Table 1. Electrical operation of the proposed reconfigurable microstrip UWB antenna in six states

State ON switches Bandwidth Frequencies band rejection
| All switches are OFF 2.80-10.60 GHz 5.2-5.5 GHz
1} V and C are ON 2.85-10.70 GHz 5.7-5.9 GHz
1] A and P are ON 2.92-11.00 GHz 5.9-6.3 GHz
v S and B are ON 2.91-11.01 GHz 6.9-7.2 GHz
Vv M and D are ON 2.91-11.05 GHz 7.7-8.1 GHz
\ R and E are ON 2.92-11.05 GHz 8.2-8.6 GHz

Results and discussion

The proposed antenna was simulated in HFSS software. Also, as
shown in Fig. 4 the designed antenna was fabricated in six states
of the switches.

Input reflection coefficients of the antenna in various states are
exhibited in Fig. 4. As seen in these figures, the results of measure-
ments and simulations are in good agreement. The summarized
results of this figure are presented in Table 1.

Figure 5 displays input reflection coefficient of the proposed
reconfigurable microstrip UWB antenna. Figures 6(a)-6(i) show
the simulated current distribution of the proposed reconfigurable
microstrip UWB antenna in frequencies and different states.
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These figures verify the operation of C-shaped slot and switches
in various states.

The radiation patterns of the proposed antenna in three fre-
quencies of 3.5, 6.5 (in state I), and 9.5 GHz are shown in
Fig. 7. These figures show that the designed antenna has omnidir-
ectional patterns in different frequencies.

Figure 8 shows the simulated surface current distribution of
real MEMS switch in two states close and open, where in close
state current is more intense and in open state current is discon-
nected. Figure 9 presents comparison of the simulated magnitude
of Sy, for proposed antenna between the ideal and real models of
MEMS switch.
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Fig. 5. (a) Simulated and (b) measured input reflection coefficient of the proposed reconfigurable microstrip UWB antenna.
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Fig. 6. Simulated current distribution of the proposed
reconfigurable microstrip UWB antenna in frequencies
of (a) 3.5 GHz, (b) 5.2 GHz, (c) 5.4 GHz (in state 1), (d)
5.8 GHz (in state Il), (e) 6.1 GHz (in state Ill), (f) 7 GHz
. (in state IV), (g) 7.9 GHz (in state V), (h) 8.4 GHz (in
(0] state VI), and (i) 9 GHz.



https://doi.org/10.1017/S1759078719001028

152

270/

Fig. 7. Radiation patterns of the proposed antenna at (a)
3.5 GHz, (b) 5.2 GHz, and (c) 9 GHz.
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Fig. 8. Simulation model of the RF MEMS switch and surface current distribution on the wire band: (a) close state, (b) open state.
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Fig. 9. Comparison of the simulated magnitude of S;; for proposed antenna between the ideal and real models of MEMS switch. (a) State | (V and C are ON),
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Conclusion

This paper presented a new reconfigurable microstrip fractal
UWB antenna with a capability of variable rejection frequency
bands. The proposed fractal antenna with a modified C-shaped
slot was designed and fabricated on an inexpensive substrate of
FR4. Ten ideal MEMS switches are considered in C-shaped
slots in order to produce band-notch frequencies at six different
frequency bands of: 5.4 GHz (5.2-5.5), 5.8 GHz (5.7-5.9),
6.1 GHz (5.9-6.3), 7 GHz (6.9-7.2), 7.9 GHz (7.7-8.1), and
8.4 GHz (8.2-8.6). It works in a wide bandwidth of 2.9-
11 GHz. The designed antenna has omnidirectional patterns in
different frequencies, proper gain through the desired frequency
bands and low gain in frequency band notches. Measurement
and simulation results are in good agreement.
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