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Abstract

This paper presents a frequency reconfigurable monopole
antenna using a parasitic line which behaves as a half wave-
length resonator. The proposed antenna uses a parasitic
line near the partial ground plane of the antenna which
can control the stopband frequency with the help of two
p-i-n diodes. This is a simple technique and can be used
with any printed monopole antenna. A truncated elliptical-
shaped monopole antenna with a parasitic line is designed
for proof of concept. The antenna gives a UWB band (3-
10 GHz) when p-i-n diodes are OFF and a sub-6 GHz band
(3.2-5.5 GHz) when p-i-n diodes are ON. The antenna is
fabricated on FR-4 substrate and measured for its VSWR
and radiation characteristics, it exhibits an omnidirectional
radiation pattern, and > 70% efficiency and peak realized
gains of 3.2 dBi and 2.2 dBi in UWB and sub-6 GHz bands
respectively and is suitable for use in UWB and sub-6 GHz
wireless systems.

1 Introduction

Printed monopole antennas [1] are popular due to their
compactness and ultra-wide bandwidth. Since the FCC al-
located the spectrum from 3.1 - 10.6 GHz for UWB com-
munication, printed monopole antennas have been studied
extensively. However, owing to their ultra-wide bandwidth,
these antennas cause interference to other wireless tech-
nologies such as WLAN, WiMax, etc. In order to mini-
mize the interference, band-notched UWB antennas gained
popularity among researchers and various such antennas
were reported over the years [2], [3]. But with the up-
coming technologies targeting the sub-6 GHz bands such
as 5G and cognitive radio and UWB being implemented
in smartphones, there is a need to create antennas that
can cater to both UWB and sub-6 GHz bands. Printed
monopole antennas are a good candidate as they can cover
the large bandwidth requirement of UWB and sub-6 GHz
bands, provided the frequency band above 6-GHz is sup-
pressed with the help of a proper reconfigurable structure.
To switch between the UWB band (3.1-10.6 GHz) and
sub-6 GHz band (3.1-6 GHz), a wide stopband structure

is needed that can suppress the higher band (6-10GHz) of
the UWB monopole antenna. Recent works show methods
such as varactor loaded SRR [4], reconfigurable SRRs [5]
and monopole antenna with multiple slots [6] which pro-
vide narrow band notches and may not be suitable for use
with all the monopole antennas.

This paper presents a simple technique that can create a
wide stopband. The UWB monopole antenna is loaded with
a parasitic line coupled with the partial ground plane of the
antenna which gives a wide stopband. Further, with the
help of electronic switches such as p-i-n diodes, the struc-
ture can be reconfigured such that the antenna can operate
in two bands - UWB and sub-6 GHz. The novelty aspects
of this design are- It is a general technique that can be used
with any printed monopole antenna. It does not affect the
antenna performance such as efficiency and radiation char-
acteristics.

2 Antenna Design

The antenna is designed on FR-4 substrate with €r = 4.3,
tan § = 0.025 and thickness = 0.8 mm. The antenna shown
in Figure 1 consists of a truncated elliptical radiator with
a=12mm, b =10 mm, c =4 mm and a partial ground
plane of L, = 13.5 mm. A step tapered 50 Q line with

Figure 1. Antenna Structure
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Figure 2. VSWR plot with and without parasitic line con-
nected to the ground plane

dimensions, L =122 mm, W=1.5mm, L; = 1.8 mm , W,
=0.6 mm is used to feed the antenna to get good impedance
matching. The gap between the radiator and ground plane
is g = 0.5 mm. The overall size of the antenna is X x Y
=24 x 31 mm?. The VSWR plot of the UWB antenna is
shown in Figure 2. The proposed structure is simulated in
CST Microwave Studio software.

Next, a parasitic line with p = 9 mm and t = 0.3 mm is
placed at a distance of g; = 0.6 mm from the partial ground
plane of the antenna. This parasitic line is connected to the
ground plane and the VSWR obtained is shown in Figure 2.
It can been seen that when the parasitic line is connected
to the monopole antenna the bandwidth of the antenna re-
duces to the sub-6 GHz band of 3-5.5 GHz from 3-10 GHz.
Two p-i-n diodes can be placed near the line to control the
connection of the parasitic line with the ground plane de-
pending upon the forward/reverse (ON/OFF) condition of
the diodes and a change in the bandwidth of the antenna
can be obtained.

The p-i-n diode used in the proposed design is MADP-
000907-14020P by MACOM. As per the data-sheet [7] of
the diode, it is modelled as a resistor of 7 Q in the forward
bias (ON) and a capacitor of 0.025 pF in reverse bias (OFF)
condition. The figure 3 shows the equivalent circuit of the
p-i-n diode in OFF (Figure 3a) and ON (Figure 3b) states.

3 Working Principle

In order to understand the working principle of the para-
sitic line, the H field, surface current distribution and the
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Figure 3. p-i-n diode equivalent circuit
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Figure 5. Surface current at 7 GHz for ON case showing
induced current

3.1 Excitation of the parasitic line

The H field is observed with the inclusion of the parasitic
line in the ground plane. From Figure 4, it can be observed
that the H field is normal to the plane of the parasitic line.
The magnetic field lines cross the parasitic line and induce
an emf which causes an alternating current to flow through
the parasitic line and the direction of the current can be de-
termined using the right hand thumb rule. From the Fig-
ure 4 it can be seen that for the left half of the antenna the
H field lines are in the +Z direction denoted by © and for
the right half, the field lines are in -Z direction denoted by
. Hence, by using the right hand thumb rule, the direction
of the current in the left side is in the +X direction whereas
current in the right half is towards the -X direction. This
induced current is then fed into the ground plane of the an-
tenna which creates two "nulls" where the current reverses
it direction. The same can be seen in Figure 5.

3.2 Stopband mechanism

From the impedance plot in Figure 6, it can be observed
that for the OFF case the magnitude of the real part of
impedance |Z;., | and the imaginary part |Zimg| do not show
much deviation from 50 Q and 0 Q respectively indicating
that the antenna essentially behaves as a radiator matched
to 50 Q port. However, for the ON case, Zimg] shows a in-
ductive reactance from 6- 8 GHz and a capacitive reactance
after 8 GHz. At 7.8 GHz, Zimg| = 0 which denotes the
resonance frequency and exhibits pure resistive behaviour
with |Zea| = 211 Q. The total length of the line (p) =
9 mm is equal to Ag/2 at 7.8 GHz (Ag,7.8GHz = 18.55
mm) indicating that this line behaves as a half wavelength
resonator. From the above study, it can be observed that
the parasitic line creates a band stop response with a wide
stopband. The bandwidth of the stopband can be further
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Figure 6. Impedance vs Frequency response for ON and
OFF cases
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Figure 7. Fabricated Prototype

controlled by changing the Q factor of the resonator, which
depends on the parasitic line thickness and the gap between
the ground plane and the parasitic line.

4 Measurement Results

4.1 Antenna Fabrication

A prototype of the proposed structure shown in Figure 7
is fabricated on FR-4 substrate of 0.8 mm thickness and
er =4.3 and tand = 0.025 using the UV photolithography
process. Two p-i-n diodes (D1 and D2) are hand soldered
in the gaps and wires are soldered for biasing the diodes.

4.2 VSWR and Radiation Pattern

The fabricated prototype is measured for it’s VSWR and ra-
diation characteristics. For the OFF condition, OV DC volt-
age is applied to the p-i-n diodes and for the ON condition,
a 1.3V DC voltage is applied.
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Figure 8. VSWR Plot
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Figure 9. Measured and simulated radiation pattern for 5
GHz and 8 GHz

From the Figure 8 it can be seen that the measured VSWR
results agree with the simulation results. A slight shift in the
VSWR for the D1-D2 ON case could be due to the effect of
biasing wires soldered to the antenna. The radiation pattern
for the antenna is measured in a anechoic chamber environ-
ment. The measured vs simulation radiation patterns in the
X-Z and X-Y planes at 5 and 8 GHz are shown in Figure 9.
The measured pattern agrees with the simulated results and
the antenna exhibits an omnidirectional pattern.

4.3 Efficiency and Gain

From the efficiency response in Figure 10, it is observed
that the proposed antenna has an in-band efficiency of >
80% in the entire UWB band and > 70% for the sub-6GHz
band and good out-of-band performance with reduced effi-
ciency in the stopband.
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Figure 10. Efficiency response of the proposed antenna
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Figure 11. Gain response of the proposed antenna

The realized gain response shown in Figure 11 shows a
peak realized gain of 3.2 dBi in the UWB band and 2.2
dBi in the sub-6 GHz band. The gain and efficiency both
fall sharply in the stopband indicating a good stopband per-
formance of the antenna.

5 Conclusion

A frequency reconfigurable printed monopole antenna is
designed which can be reconfigured to work in two fre-
quency bands - UWB(3-10 GHz) and sub-6 GHz(3.2-5.5
GHz) using a simple method of a Ag/2 parasitic line res-
onator that can provide a wide stopband. This method can
be used with any printed monopole antenna. The proposed
antenna is fabricated and measured for VSWR and radiation
characteristics. The antenna exhibits an omnidirectional ra-
diation pattern with efficiency >70% in both the bands and
peak realized gains of 3.2 dBi and 2.2 dBi in the UWB and
sub-6 GHz bands respectively. The antenna is suitable for
sub-6 GHz 5G and UWB systems.
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