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Abstract- In this paper, a novel design for compact
frequency reconfigurable triple slot antenna based on
rejected triple band stop functions is demonstrated.
An Ultra-Wide Band (UWB) antenna is designed to
operate from 3.3 to 12 GHz and printed on a (30 mm
%35 mm) FR4 substrate with permittivity of 4.4 and
a thickness of 1.6 mm and also printed on a
Rogers4003C substrate with permittivity of 3.38 and
a thickness of 1.524 mm. The antenna comprises an
inverted double U-slot and an H-Slot on a metallic
patch and U-Slot in the feedline to exhibit a triple
band-notch functions for the WiMAX band (3.2-3.7
GHz), WLAN-band (5.2-6.3 GHz) and C-band (9-10.8
GHz). To generate a reconfigurable band-stop
antenna, the multi Strips (0.4mm>0.5 mm) within the
embedded structures are used in the patch plane and
feedline. By changing the ON/OFF conditions of the
Strips, the antenna can operate in single, dual, and
triple-band mode. HFSS simulator program is used to
design and simulate results for the proposed antenna.
The simulated bandwidth with return loss < -10 dB is
(3-12) GHz. The proposed antenna is fabricated and
measured. The Simulated and experimental results
are compared and found to be in good agreement.

Index Terms- Ultra wideband(UWB) antenna, U-
shaped slot, Frequency-band reconfigurable, Triple
notch

I. INTRODUCTION

Recently, the rapid development in wireless
communication systems created enormous demands
for ultra-wideband antennas to provide very large
bandwidth covering several frequency ranges and
high gain. The Federal Communications
Commission (FCC) released the Ultra-Wide Band
(UWB) technology in 2002 for indoor wireless

communications, the frequency ranges of (3— 10.6
a yIJMgOT-Z 20-11-}

GHz with maximum radiated power -40 dBm /MHz,
and data rate between 100-200 Mbps within 10 m
distance [1,2]. The UWB communication systems
cover wide bandwidth that overlaps with existing
narrowband communications applications, such as
WLAN, WiIMAX, C-band. Recently, many
researchers focus on designing the UWB antenna
with band rejection characteristics to eliminate any
interference from narrowband wireless applications
[3-6]. Many of UWB antennas have been achieved by
adding slots with different shapes to produce one or
two notched bands by using various technologies [7-
10]. The term reconfigurable antenna was introduced
in 1998[11]. A reconfigurable antenna extends the
capabilities of a conventional antenna by offering the
ability to change its configuration, that is to say, to
change one or more of its fundamental characteristics
by an electrical, mechanical, or other means,
according to the needs and environmental context.
The antenna is reconfigured by modifying the
distribution of the electric current, and consequently
the properties of the electromagnetic field and the
impedance, and therefore the transmission and
reception properties, discretely or continuous
manner[12]. There is a very wide variety of
reconfigurable antennas and therefore several ways to
classify them. This categorization can be done
according to the physical property which makes them
reconfigurable, the type of reconfigurable
components used PIN diodes, varactors diodes,
transistors and MEMS switches[13]. Different
configurations of this slot have been introduced for
this purpose such as U-shaped slot[14], C-shaped
slot[15], spoon-shaped slot[16], V-shaped slot[17],
triangular-shaped slot[18], T-shaped slot[19], L-
shaped slot[20], square-shaped slot[21] and circular-
shaped slot [22,23]. Another way of classifying them
is to distinguish them according to the configurability
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[24,25]; reconfiguration of radiation [26,27];
reconfiguration of polarization [28,29]; and any
combination of the above three configurations. In
this paper, A novel UWB antenna design is
proposed with three notched bands according to
separate the WiMAX band (3.2-3.7 GHz), WLAN-
band (5.2-6.3 GHz) and C-band (9-10.8 GHz). The
reminder sections are organized as the following.
The second section presents the PIN diode
characteristics. The proposed antenna design is
described in detail in section three. The HFSS
simulation results are presented in section four.
Overall fabrications and discussion about them are
described in section five. Finally, the section six
presents the conclusions.

1. PIN DIODE CHARACTRICSTIC AND
MODELLING

PIN diodes are widely used as the switching
components in different wireless systems. For the
reconfigurable antenna, an additional dimension for
the RF and the direct current (DC) blocks is required
and should be considered in the design of the
antenna[30]. The electrical parameters of the PIN
diode equivalent model with forward and reverse
bias in the ON and OFF state are presented in Fig.
1. The PIN diode is very reliable, high tuning speed,
high power-handling, and extremely low cost make
it a good choice for the reconfiguration technique
[31,32].

G | 550 ym

7 L L
3 100 um
§ $250um
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9 PIN Diode
(@) (b) ()

Fig. 1. (a) Fabricated PIN diode, Equivalent PIN diode
model: (b) forward bias (ON state) (c) reverse bias (OFF
state).

The HPND-4005 PIN diode is designed for use in
strip line or Microstrip circuits and offers
exceptional lead strength while achieving excellent
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electrical performance at high frequencies. We can
replace it by making strips through which it is
possible to make the antenna also the reconfigurable
antenna.

I11. ANTENNA STRUCTURE AND DESIGN

The proposed rectangular Microstrip patch antenna is
designed on a FR-4 substrate with dielectric constant
4.4 and thickness 1.6 mm. The antenna dimensions
are: the substrate width (Ws) = 30 mm and the
substrate length (Ls) = 35 mm. The radiation patch
has a width (Wp) = 14 mm and length (Lp) = 14.5
mm, the feed line has a width (Wf) = 2.85 mm and
length (Lf) = 13.5 mm. The essential parameters for
the design of a rectangular Microstrip patch antenna
are:

1. Calculation of Patch Width (W)

_ 1 , 2 _ C , 2
\/\/_2};1/%60 Er+1  2f, \|€r+1 @

Where C is the free space velocity of light, €r is the
dielectric constant of substrate and f,. is the operating
frequency.

2. Calculation of Effective Dielectric Constant
(Ereff)

€Er+1 €r—1

2 + 2

Creff =

[1+12 7] 7 2)

The effective dielectric constant of the rectangular
Microstrip patch antenna treats the antenna as if all
the fields were contained within a humongous
substrate [33].

3. Calculation Extension Length (AL)

(€eff+03)(7+0.264)
(eeff—o.zss)(%m.s)

AL =0.412 xh x ©)

The extension length is used for calculating resonant
frequency of Microstrip antenna.

4. Calculation of The Effective Length (Leff) &

Actual Patch Length (L)
1

Leff = ———
2 fr [€eff 1o €o

(4)
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L= Leff —2AL (5)

According to the above equations, Fig. 2. will
show the Microstrip patch antenna which can
achieve UWB antenna. Fig. 3. appears the
parametric study for ground length (Lg) started
from 2.5 mm into 35 mm with step equal 2.5 mm
to get the optimal ground length which achieved
the UWB antenna. We noted that at ground length
equal 12.5 mm has UWB started from 3.3 GHz to
10.5 GHz.

(@) (b)

Fig. 2. Primary Microstrip patch antenna (a) Top view
(b) Button view.

2 3 4 § 6

7 8 9 10 11 12
Frequency (GHz)

Fig. 3. Optimal ground length using parametric study.

To increase the antenna bandwidth and improve
the antenna matching, round steps are added to all
corners of the radiation patch by adding slot in the
ground plane. Cutting steps in the upper corners of
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the radiation patch tune the inductive part of the
antenna that neutralizes the capacitive coupling
between the ground and the patch to get pure
resistive input impedance [34,35]. While the slot in
the ground plane neutralizes the capacitive effects
through the inductive nature of the patch to get
nearly pure resistive input impedance [36,37]. as
shown in Fig. 4. We can see the result from this
change in Fig. 5, where the UWB became wider
from 3.3 GHz to 12 GHz.

R
R

Fig. 4. Modified Microstrip patch antenna.

0 T T T

S11 (dB)

Frequency (GHz)

Fig. 5. UWB antenna for modified patch (Return Loss
Curve).

As shown in Fig. 6, to achieve band-stop performance
at WiMAX and C-Bands, U-Slots have been etched
on a metal patch and feedline respectively. The length
of U-Slots can be planned with equations (6) and (7).
Also, to achieve band-stop performance at WLAN
Band, H-Slot has been etched on a metallic patch. The
equation (8) for calculation of the width of the H-Slot
[38,39].
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Double stopband, UWB antenna is integrated with
WiMAX band-notched inverted U-Slot and WLAN
Leq = {(2 * Lgym) + Lyiatn} — B * Wyor)  (6) band-notched H-Slot as shown in Fig. 8 (a). The Fig.
8 (b) shows the return loss in this antenna design to

Fr= —¢ (7y  eliminate WIMAX band and WLAN band.
E€r+1
2xLeqx* ,T
W — (LW_II:S Ws) (8)
Where:

Leq: Equivalent length of U-Slot.
Fr: Resonance frequency of notched.
€r: Relative permittivity of substrate.

Single stop band, UWB antenna is integrated with
WiMAX band-notched inverted U-Slot as shown in
Fig. 7 (a). The Fig. 7 (b) shows the return loss in this
antenna design to eliminate WIMAX band.

N |
o \m\/
| V |

H 3 4 5 §

1 ] L] W 1 1
Frequency |GHz)

Wslot
(@) (b)

Fig. 8. Double stop band using Inverted U-slot & H-slot
(a) antenna geometry (b) return loss.

Triple stopband, UWB antenna is integrated with
WiIMAX band-notched inverted U-Slot, WLAN
band-notched H-Slot, and U-Slot to produce C-band
as shown in fig. 9 (a). The Fig. 9 (b) shows the return
loss in this antenna design to eliminate WIMAX

Lwiaen band, C-band and WLAN band.
Fig. 6. Band stop slot dimensions (a) U-Slot and (b) H-
Slot. I

(@) (b)
Fig. 9. Triple stop band using Inverted U-slot, H-slot &
(@) (b) U-slot in feedline (a) antenna geometry (b) return loss.
Fig. 7. Single stop band using Inverted U-slot (a) As shown in Fig. 10, th_e configuration of the r_nu_lti-
antenna geometry (b) return loss. slot antenna which consists of a rectangular radiation

[JMOT-2020-11-102047 © 2021 IAMOT



—4

v

%Y
1JMOT i . A
patch, two slots etched in the patch, and a Microstrip

feed line with U slot etched in the feed line. All
dimensions of the slots are illustrated in Table 1.

(@) (b)

Fig. 10. Configuration of the proposed antenna.
(@) Top layer  (b) Bottom layer

Table 1: Parameters of the proposed antenna (unit: mm)

L1 L2 L3 L4 L5 L6 L7 L8

6.5 1.9 995 | 6.88 | 255 15 51 6

L9 L10 S1 Lsu Wsu R w1 w2

2 10.5 0.5 7 8 2 10 11.4

W3 w4 W5 W6 W7 w8 W9 H

1.45 6.5 3.58 0.5 2.85 3 30 1.524

IV. SIMULATION RESULTS

Fig. 11 illustrates the five different cases of the
antenna design using three strips. The variations of
the reflection coefficient (S11) with frequency for
these design cases are provided in Fig. 10. The
variations of VSWR with frequency for these design
cases are provided in Fig. 11. Case-1 shows the
triple stop band antenna when no strips are found.
Case-2 shows the double stop band antenna when
added strip to the U-slot feedline. Case-3 we will
add two strips to the U-slot feedline and H-slot
patch, here only a single stop band will occur. In
Case-4, we will add two strips to the inverted U-slot
patch and H-slot patch, here only a single stop band
will occur. In the last proposed design Case-5,
shows the double stop band antenna when added
strip to the H-slot patch. All cases are summarized
in Table 2.
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@ (b) ©

(d) ()

Fig. 9. Geometry of proposed antenna at five cases
(a) Case 1 (b) Case 2 (c) Case 3 (d) Case 4 (e)
Case 5.

Table 2: Number of stop bands cross ponding to case

number
Case Number Number of Stop Bands
Case 1 Triple Stop Bands (WiMAX, WLAN & C-Band)
Case 2 Double Stop Bands (WiMAX & WLAN)
Case 3 Single Stop Band ( WiMAX Only)
Case 4 Single Stop Band ( C-Band Only)
Case 5 Double Stop Bands ( WiIMAX & C-Band)

In Fig. 12, the variations of reflection coefficient with
frequency for five cases have a good performance
also in Fig. 13, the variations of voltage standing
wave ratio for the five cases are the same
performance.

[JMOT-2020-11-102047 © 2021 IAMOT
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Frequency (GHz)

Fig. 12. The variations of Reflection Coefficient (S11)
with frequency for design cases.

nr T T T T T T T T T 7

5 § 7
Frequency (GH)

Fig. 13. The variations of Voltage Standing Wave Ratio
(VSWR) with frequency for design cases.

The radiation pattern for proposed antenna are
presented in Fig. 14, where the E and H planes are
the y-z plane (¢ = 900 and 0o < © <1800) and the x-
z plane (¢ =00 and Oo < © <1800) respectively at
3.3, 6 and 9.8 GHz. Radiation patterns in the E-plane
are about the same as shown in Fig. 14 (a)-(c).
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360 0 10
340 350 L 20 30

(©
Fig. 14. Radiation patterns of Rogers4003C antenna in
casel (a) 3.3 GHz (b) 6 GHz (c) 9.8 GHz.
—m— E-Sim — e E-Meas.

—a#— H-Sim —w—  H-Meas.

The consequence of current distribution on the
proposed antenna at various frequencies is depicted
in Fig. 15. At chosen frequencies like 3.3, 6 & 9.8
GHz with are the stopbands, and inconsistent current
accumulation is found near the edges of the
corresponding slot whereas uniform current
distribution for displaying in Fig. 15 (a)-(c).
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Fig. 15. Current distribution of Rogers4003C antenna in
casel (a) 3.3 GHz (b) 6 GHz (c) 9.8 GHz.

V. EXPERIMANTEL RESULTS AND
DISCUSION

In this section, we will study the effect of the
substrate on which the antenna is fabricated. These
materials are FR4 and Rogers4003C, each material
has advantages and disadvantages. When we discuss
FR4 material is cheap and available, but at
microwave frequencies is very lossy material. On
the other hand, Rogers4003C material has an
excellent response at microwave frequencies in the
following figure we will show the fabrication design
for each material as shown in Fig. 16. From the
following results, the rogers4003C material has
better performance than FR4 material. When we
note the difference between Fig. 18 and Fig. 19 w.r.t
reflection coefficient curves, the measured output of
the FR4 material near the simulated output until
5GHz after that we found a big different between the
two curves but at Rogers4003C material, the two
curves are very closed. We consider that
Rogers4003C is very suitable for UWB antenna

79
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design which covered frequencies until 12 GHz.

Jomin. =

-y M
i
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%

A

punt B
w1

(b)
Fig. 16. Fabricated antenna prototype (a) FR4 antenna (b)
Rogers4003C antenna.

In Fig. 17, we can observe the measured reflection
coefficient (S11) in case 1 for both antennas FR4
antenna and Rogers4003c antenna by using ZVB 20
Vector Network Analyzer.

[JMOT-2020-11-102047 © 2021 IAMOT
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(b)

Fig. 17. Measured Reflection Coefficient (S11) using
ZVB 20 Vector Network Analyzer in case 1(a) FR4
antenna (b) Rogers4003C antenna.

In Fig. 18, the difference between the reflection
coefficient curves of simulated and measured of
FR4 antenna in case 1 is very clear, which forces us
not to resort to this material, especially at high
frequencies, because we will get unsatisfactory
results compared to the results we obtained when
using rogers4003c material. The fabricated FR4
antenna has frequency band of 3.02 to over 11GHz
with three rejection bands around 3.08-3.82, 5.01-
6.65 and 8.36-9.95 GHz with respect to the
simulated FR4 antenna has frequency 2.81 to over
12 GHz with three rejection bands around 3-3.39,
4.98-5.98 and 7.92-9.46 GHz.

Frequency (Hz) x10°

Fig. 18. Simulated and Measured reflection coefficient
of FR4 antenna in case 1.
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Frequency (Hz) x10*

Fig. 19. Simulated and Measured reflection coefficient of
Rogers4003C antenna in case 1.

In Fig. 19, which shows the extent of the strong
convergence between the reflection coefficient
curves of simulated and measured of Rogers4003c
antenna in all three stop bands. The fabricated
Rogers4003c antenna has frequency band of 3.23 to
over 12 GHz with three rejection bands around 3.23-
3.96, 5.21-6.66 and 8.88-10.9 GHz with respect to the
simulated Rogers4003c antenna has frequency 3.14
to over 12 GHz with three rejection bands around
3.26-3.377, 5.2-6.37 and 9.08-11.1GHz. A
discrepancy between the measured data and the
simulated results exists, which could be due to the
effect of the SMA port. By carefully performing the
manufacturing and measurement process more
accurate results can be obtained.
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Fig. 20. Fabricated Rogers4003C antenna prototype (a)
Case 2 (b) Case 3.

In Fig. 20, we have the second and third cases, and
as it appears in Rogers4003c antenna
manufacturing, in the case 2 we make the double
band rejection of the first band (WiMAX-Band) and
the second band (WLAN-Band), and this is done by
adding the strip to the U-shaped slot in feedline and
also in the case 3 we make the single band rejection
of the first band (WLAN-Band) only, and this is
done by adding the strips to H-shaped slot in
radiating patch and the U-shaped slot in feedline
together.

In Fig. 21, which shows the extent of the strong
convergence between the reflection coefficient
curves of simulated and measured of Rogers4003c
antenna in case 2. The fabricated Rogers4003c
antenna in case 2 has double rejection bands around
3.25-3.87 and 5.45-6.48 GHz with respect to the
simulated Rogers4003c antenna has double
rejection bands around 3.23-3.367and 5.2-6.5GHz.

11 (dB)

40 1 L L L L L

Frequency (Hz) x10*

Fig. 21. Simulated and Measured reflection coefficient
of Rogers4003C antenna in case 2.
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In Fig. 22, which shows the extent of the strong
convergence between the reflection coefficient
curves of simulated and measured of Rogers4003c
antenna in case 3. The fabricated Rogers4003c
antenna in case 3 has single rejection band around
3.31-4.09 GHz with respect to the simulated
Rogers4003c antenna has single rejection band
around 3.32-3.89GHz.

S11 (dB)

45 I I I I I I
2 3 4 5 [ T L] 9 10 1 12
Frequency (Hz) «10®

Fig. 22. Simulated and Measured reflection coefficient of
Rogers4003C antenna in case 3.

In Table 3, we will review a comparison between
more than antenna design in terms of several
parameters such as substrate size, relative
permittivity of substrate, number of notch, band notch
gains and frequency band.

[JMOT-2020-11-102047 © 2021 IAMOT
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Table 3: Comparison of proposed antenna with recently presented antennas

Ref [] Size (mmq) & No. of Notched Band Notch Frequency Band
Gain (dBi) (GHz)
Sarkar,[40] 35>35x%1.6 4.4 3 (WIMAX, WLAN, X-Band) -5,-1,-3 2.21-12.83
Wang,[41] 30>30%L.6 4.4 3 (WIiMAX, WLAN, ITU Band) 1,151 3-12
Yadav,[42] 26>30x1.6 4.4 3 (WIMAX, WLAN, X-Band) -5,-5,-0.5 3-11
Srivastava, [43] 30>35x1.6 4.4 3 (WIMAX, WLAN, X-Band) -2,-2,-3 2.8-11.42
Yadav,[44] 26>30x1.6 4.4 3 (WiMAX-Band, WLAN) -2.8,-35,-15 3-11
Present Work 30>35x1.524 3.38 3 (WIMAX, WLAN, C-Band) -2.3,-0.7,-1.3 3.3-12
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