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Band Notch Characteristics Reconfigurable
UWRB Leaf Shape Monopole Antenna
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Abstract—In this paper a band notch characteristics
reconfigurable UWB leaf shape monopole antenna is reported.
The proposed antenna size is 42%32%1.6 mm? and simulated S11
-10dB impedance bandwidth is from 2.1 to 13.0 GHz. The notch
bands are embodied into the designed antenna to suppress
Bluetooth and WiFi bands from 2.3-2.7 GHz and 4.6-5.3 GHz.
The PIN Diode is loaded to slot on the DGS to achieve notch
bands. It has 4.48dB and 1.7dB gain achieved when diode ON and
OFF condition. Further, it encompasses a bio-inspired leaf shape
patch having high feasibility for deployment in secret and
military purposes.

Keywords—band notch; PIN diode; leaf shape monopole
antenna; reconfigurable; UWB

I. INTRODUCTION

HE UWB technology has gained lot of popularity in the

recent day advanced wireless communications due to its
low cost, less complexity, large band-width and extremely
high data transmission rate. In general UWB frequency band is
wide frequency band and communicaton system utilized
narrow band frequency band examples Bluetooth, Wimax,
WLAN and C band frequencies, the band frequency are iIMAX
(802.16 3.30-3.70 GHz), C band(3.7-4.2GHz), WLAN (802.11
j/n 5.47-5.725 GHz,5.725-5.825 GHz), ISM band (5.725-5.875
GHz), ITU(8.025-8.4 GHz) band, X satellite communication
band(7.9-8.4 GHz). By avoiding mutual interference band
nothch characteristics introduced. To effectively utilize the
entire ultra-wide band spectrum and in order to eliminate
interference, a reconfigurable dual notch band characteristic
with controlled band operation monopole antenna has been
presented in this paper. For multiband, gain improvement and
bandwith enchancement the Defected ground structure(DGS)
is reported in[1]. By modifying the ground structure the
propagation properties ie., current distribution change between
ground and patch . The author has also showed different
resonant structures used for DGS. The Defected Ground
Structure and proved that an antenna with DGS results in good
polarization and also reduced return loss. He also compared
the results of flat ground antenna with DGS ground antenna.
To transmit Morse code sequence across the Atlantic Ocean
ultra-wide band technology was first used by Guglielmo
Marconi in 1901 using the spark gap radio transmitters. But
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UWB technology has gained a lot of popularity in the recent
days due to its advantages. In paper [2] author presented a
compact reconfigurable band notch characteristics WLAN and
WIMAX circular UWB monopole antenna designed. In
paper[3], the author presented coaxial connector different leaf
shaped monopole antenna. In paper [4][5] reported cotton leaf
and rose leaf geometry printed monopole antenna for UWB
application.  Similarly castor leaf-shaped quasi- self-
complementary antenna is reported in [6].The reconfigurable
antennas have gained a lot of attention for their potential
applications in devices with multiple wireless standards.
Recently, various efforts, including theoretical and
experimental studies have been made to realize additional
performance enhancement by Reconfigurable antennas. The
switchable operating frequency have the ability to
accommodate new services according to the user utility and
can cover multiple wireless standards. They can eliminate the
sophisticated filter used in most of the wideband antennas.
Among optical, electrical and mechanical techniques, the ease
of integration, fast switching speed and high rate of
repeatability make electrical tuning most preferable. The
electrical method includes PIN diodes, varactor’s and RF-
MEMS as the switching elements, and each of these elements
has its own advantages and limitations. A compact multi band
notch characteristic reconfigurable UWB is reported in
[7]1[8][9]. Author [10] [11] exhibited antenna with re-
configurability for applications such as Bluetooth and LTE has
been proposed. Different antennas with re-configurability with
different structures have been presented in works from paper
[12-19]. There are different RF switch based reconfigurable
antennas developed for UWB applications. The shape memory
alloy, MEMS switch and PIN Diode concept implemented in
[20-22]. Similarly, the various author discussed MEMS ,PIN
Diodes Varactor Diode based switch reconfigurable UWB
antenna with notch reported in [23-30]. There are different
industrialist and academic researcher involved to design
reconfigurable antenna using various RF, MEME and varactor
diode switch techniques. Based on the above literature author
motivated design reconfigurable antenna for UWB
applications and avoiding mutual inferences band notch
concept introduced with help of PIN diode. The forthcoming
section discuss about antenna design configuration, design
steps, diode ON and OFF circuit parameters and antenna S
parameter, Gain plot finally conclude the results.
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II. Antenna Design and Configuration

For designing a reconfigurable micro strip antenna, first select
proper material for substrate. Here we have used FR4 (er=4.4)
as the substrate. It is cost effective, has good electrical
properties, manufacturability, performance and durability.

A. Initial Parameters of antenna

A leaf shaped ultra-wide band antenna is developed initially
with substrate dimensions of 56 x 46 mm2 and thickness of 1.6
mm with a line feed. A portion of the ground is removed and a
slot is made at the central part of the ground with dimension 3
x 2.88 mm?2. The evolution of geometry of this basic design is
shown in the Fig.1.

B.  Evolution of design

The horizontal representation of the four antenna designs
specify the evolution process from the basic design 1 with each
stage incorporating an additional feature finally carving out
design 4 with certain novel features which is shown in Fig.1.
Design 1 results in an ultra-band spread from 3-13 GHz with
patch dimensions 24x22.50mm?. Design 2 has an introduction
of vertical slot in the ground and a visible change in the shape
and dimension of the patch (24 X 30 mm?). This slot disrupts
the ultra-wide band spectrum by creating a notch at particular
frequency acting as a stop band for that range of frequency and
allowing the rest. To add re-configurability property i.e.
switching between the two characteristics of with and without
notch feature using PIN Diode between the slot as in design 2.
Design 3 is slightly similar in functioning with design 2 with
the alike vertical slot, but there is a clear demarcation due to
shape and dimensional change 22X%25 mm? along with 5
additional slots introduced in the leaf shaped Patch. Thereby,
the notch characteristics are produced at a different range of
frequencies and also offer more improvement in the rest of
UWB spectrum.

(a) Design 1
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Fig.1. Antenna Design Evolution

C. Configuration of Proposed antenna Design
W=Wg
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Fig.2. Proposed Antenna Design

Design 4 is the proposed model of Reconfigurable Ultra-wide
band leaf shape antenna with notch band characteristics which
is shown in Fig.2. One of the main objectives in achieving a
better antenna design is size reduction without compromising
on radiation and other parameters such as gain, return loss. So,
a remarkable reduction of size of the substrate is achieved with
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dimensions of the antenna 42 X 32 mm? quantifying a 10 mm
reduction in length and breadth each. Also, the position of
vertical slot is changed with dimensions 8 x 1.5 mm?2. The
table includes the detailed dimensions of all the parameters in
the final design. a and b are the horizontal and vertical
diameter of the leaf respectively accounting to the dimension
of patch as 20 x 18 mm?. g is the difference in length between
the patch and defected ground which plays a key role in
determining the ultra- wide band characteristics. The detailed
dimension is reported in Table.1

The band notch is important for to eliminate frequency from
wide-band behavior. Based on the below equation 1 and 2
calculate the notch frequency from length of patch element.

Lnotch =C / 2fn0tch\/seff (1)
geprer+1 /2 (2)

where, fuoch 1S the notch center frequency, Lioen is the slot
length, c is the speed of light, er is the dielectric constant of
substrate, ¢ is the effective dielectric constant.

TABLE I
DIMENSION OF PROPOSED ANTENNA

Parameter Size in mm Parameter  Size in mm
W=Wg 32 G 1.2
L 42 Ag 2.8
WO 2.8 Bg 3
Lo 13 SL 8
A 20 SW 1.5
B 18 - -

D. Reconfigurability and assigning values to PIN Diode

In all of the 3 designs except the first, reconfigurability
property is incorporated under the idea of switching among
frequencies. To achieve this property, we use the advantageous
device PIN Diode. The structure shown in Fig.3(a) It has two
conditions ON and OFF. Lumped element equivalent circuits
of a PIN diode in forward-bias and reverse-bias conditions are
shown in the Fig.3(b) when it is forward biased, it acts as
(closed switch) a small resistance (Rs=3 Q) in series with a
small inductance (L=500pH) and when reverse biased it acts as
(open switch) a large resistance (Rp=15 KQ) in parallel with a
small capacitance (Cp=32fF) and in series with a small
inductance (L=500pH). The PIN diode acts as small valued
capacitor when DC bias applied to the diode. If diode is
reverse biased small leakage occurring and behave as open
switch. The circuit diagram of PIN diode is shown in Fig.3.

(a)PIN diode structure

L L

500 pH 500 pH

R1 c =

30 32 pF 15 kQ

(b) Circuit Diagram of PIN Diode in Forward and Reverse Bias.

Fig.3 . PIN diode strcuture and Circuit Diagram
III. RESULTS AND DISCUSSION

In this section, it is explained the results of research and at the
same time is given the comprehensive discussion. Results can
be presented in figures, graphs and tables. The discussion can
be made in several sub-chapters.

A. Design 1

This is a basic UWB antenna with no additional features. The
return loss plot is shown in Fig.4 which observe that UWB
band achieved but without ant notch characteristics.

5 Design 1 Return loss in dB
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Fig.4. Return loss curve for Design -1

B. Design 2

This design involves a PIN Diode, the operation of
reconfigurability is observed in ON and OFF conditions
respectively. The return loss plot is shown in Fig.5.

Diode ON Condition
Diode OFF Condition

A

204

Return Loss in dB

=254

304

Frequency in GHz

Fig.5. Return Loss curve for Design -2 in ON & OFF Condition.
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C. Design 3

This design has 5 additional slots in the patch and also
involves a PIN Diode, the operation of reconfigurability is to
be observed in ON and OFF Conditions respectively. The blue
graph indicates the Diode ON condition and is an UWB, while
the red graph indicates the Diode OFF condition and a notch
appears between 3.8-4.8 GHz. The gains of design 3 in ON
and OFF conditions are 5.1 and 4.8 dB respectively. The return
loss plot is shown in Fig.6.

Diode ON Condition
Diode OFF Condition

Return Loss in dB
2

T T T T T
2 3 4 5 6 7 8 9 10 11 12 13 14 15

Frequency in GHz

Fig.6. Return loss curve of Design 3 and indicating Notch between 3.8-4.8
GHz.

D. Design 4

Fig.7. Design of Proposed structure

When the PIN diode is ON (forward biased), the slot made in
the ground becomes practically inactive (no change in length)
since, the PIN Diode acts as a conductor and makes the ground
as a single structure with no significance for the slot. Here, we
get an Ultra-wide Band. When the PIN Diode is OFF (reverse
biased), the vertical slot in the ground as shown in the figure
apparently gets activated (length varies) i.e. the influence of
slot will be on current distribution and resonant frequency.
Thereby, notches are produced. Interestingly, design 2 and 3
have a single notch but the final design offers two notches.
The design of proposed structure shown in Fig.7 and return
loss plot shown in Fig.8 for both PIN diode ON and OFF
condition.
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Fig.8. Return Loss curve for Design 4 in ON & OFF Conditions

The Case 1 PIN Diode ON- The green color plot represents the
S Parameter plot in ON condition. It is clearly an Ultra-wide
band covering the frequency range of 2-12 GHz. The case 2
PIN Diode OFF- The red color plot represents the S parameter
plot in OFF condition. As per the operation of the PIN Diode
the slot activated (length of conduction varies) and two notches
at 2.3-2.7 GHz and 4.6-5.3 GHz appeared thus justifying
reconfigurability.The return loss curve for design 4 in ON &
OFF Conditions is reported in Fig 8.and radiation pattern of
ON and OFF condition is shown in Fig.9 and 10. which is
observe that similar to omni directional pattern and 3D Gain
plot of both ON and OFF condition is shown in Fig.11 and
12.The gain value of ON and OFF condition is 4.48 dB and
1.7dB.The comparison parameter of evolution antenna with
proposed antenna is reported in Table. 2.

=90

Fig.9. Radiation pattern of PIN Diode ON Condition

-180

Fig.10.Radiation pattern of PIN Diode OFF Condition
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dB{GainTotal)
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=-1.1512e+001
-1.2579e+001

Fig.11. Gain Plot of the Design 4(ON Condition) 4.48 dB

dB{GainTotal)
7864e+001
- . 7193e+001
| . B6522e+001
| J . 5851e+801
.5181e+001
. 4510e+201
. 3839e+001
. 3168e+001
. 2497e+001
. 15826e+001
. 1155e+001
.B48Y4e+001
. 8136e+000
. 1427e+000
. 4719e+000
. 5010e+000
. 1301e+000

-

R I - BT B e

Fig.12. Gain Plot of the Design 4(OFF Condition) 1.7 dB

TABLE Il
compariso
n Patch
Notch
parameter Size in mm? (Lpaf) . Notch Band  Bandwidth
of Dimensio
' (GHz)
evolution n (axb)
antennaDes
CONCLUSION

A reconfigurable Ultra-wide band leaf antenna has been
designed, simulated and analyzed using HFSS. This proposed
antenna size is 42 X 32 mm? and has been utilized FR4
substrate material. The simulated S11 returnloss -10dB
impedance bandwidth is from 2.1 to 13.0 GHz and band notch
characteristics from 2.3-2.7 GHz and 4.6-53 GHz.
Reconfigurability has been achieved by etching a slot on the
ground plane and using a switchable PIN Diode, without
increasing the antenna size. The design has stable radiation
characteristics and frequency reconfigurability with dual notch
bands, and performance has been found satisfactory. The bio-
inspired leaf shape design that can meet high-end applications
has been developed. Further, in terms of functionality, the
bandwidth of the rejection bands can be made more tunable for
enhancing the performance.
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