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Abstract—The design of a simple microstrip fed folded strip
monopole antenna (FSMA) with a protruding stub in the ground plane
for the application in WLAN and RFID is presented. The antenna has
two resonant paths, one in the radiating element (folded strip) and
the other in the protruding stub of the ground plane. It supports two
resonances at 2.4 GHz and 5.81 GHz, which are the center frequencies
of WLAN and RFID. Effectively consistent radiation pattern and large
percentage bandwidth have been observed. The measured percentage
fractional bandwidth at 2.4GHz (2.05GHz to 2.86 GHz) is 32.99,
and the percentage fractional bandwidth at 5.81 GHz (5.55 GHz to
6.14 GHz) is 10.11. The proposed antenna is simple and compact in
size, providing broadband impedance matching, consistent radiation
pattern and appropriate gain characteristics in the WLAN and RFID
frequency regions.

1. INTRODUCTION

Compact printed monopole antennas are indispensable for the
application in wireless local area network (WLAN), ultra-wideband
(UWB) and radio-frequency identification (RFID) applications. Along
with the compact size, the antenna should be low cost, light weight,
less fragile, low profile, and finally, the fabrication methodology should
be simple. Many compact printed monopole antennas were fabricated
for wireless applications and reported in the literature [1-7]. Most
of these antennas are designed for applications either in WLAN [1-5]
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or worldwide interoperability for microwave access (WiMAX) [6, 7]. In
recent literature [8-16], many different kinds of antennas are fabricated
and proposed for dual- or multi-band applications. The above-
mentioned antennas might be compact in nature. To the authors’
knowledge, there are no reported printed monopole antennas in the
literature, which can be used simultaneously in the WLAN as well as
RFID applications.

In this paper, a simple new printed microstrip fed folded strip
monopole antenna (FSMA) with a protruding stub in the ground plane
for the simultaneous applications in the WLAN and RFID is presented.
There are two resonant paths in the proposed antenna, one in the
folded strip and the other in the protruding stub in the ground plane.
It supports two resonances at 2.4 GHz and 5.81 GHz, which are the
center frequencies of the WLAN and RFID. The proposed antenna
can be used in the ISM (2.4/2.5 GHz with the center frequency of
2.45 GHz), and Zigbee operating band as the operating regions for ISM
and Zigbee falls under the resonating band of proposed antenna. The
antenna is constructed by a non-conductor backed folded strip with a
microstrip feedline. The dual-band performance can be easily obtained
for this type of antenna by fine-tuning the lengths of the two resonant
paths in the folded strip and the protruding stub in the ground plane.

FR4_Epoxy

Ground Plane

Figure 1. Geometry of the proposed antenna with M = 8mm,
N =12mm and P = 4.8 mm.
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2. ANTENNA DESIGN

The dual-band monopole antenna (DBMA) with a microstrip fed
folded strip and a protruding stub in the ground plane is printed on
the FR4 substrate of relative permittivity 4.4 and thickness 1.6 mm
as shown in the Figure 1. A 50-Ohm microstrip line is used for the
excitation. The folded strip width and protruding stub width of the
proposed DBMA is 3 mm, same as that of the width of the microstrip
line. The remaining design parameters are given in Figure 1.

Two resonance paths are clearly visible in the proposed antenna,
one in the folded strip (L) of the radiating element and the other
(Lg = N) in the protruding stub of the ground plane. The length of
the resonant path in the folded strip is L, = 29.8 mm, which is 0.23\;
at the first resonant frequency of 2.4 GHz (f; = 2.4 GHz). Similarly,
the length of the second resonant path in the protruding stub of the
ground plane is Lg = N = 12mm, which is 0.23)\2 at the second
resonance frequency of 5.8 GHz (f2 = 5.8 GHz). By properly varying
the lengths L, and Lg, we can fix the antenna resonance at 2.4 GHz
and 5.8 GHz, respectively. The overall adjustments of the geometrical
parameters are done for the improvement of impedance bandwidth in
the 2.4 GHz and 5.8 GHz bands. The full wave simulator IE3D [17] is
used to simulate the proposed antenna.

3. RESULTS AND DISCUSSION

Figure 2 shows the photograph of the fabricated prototype of the
proposed antenna for 2.4 GHz and 5.81 GHz for WLAN and RFID
applications.  Figure 3 shows the comparison of the simulated
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Figure 2. Fabricated folded strip monopole antenna with a protruding
stub prototype. (a) Top view, (b) bottom view.
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Figure 3. Comparison of the Figure 4. Measured peak gain
simulated and the measured re- (dBi) wvs. frequency of the
flection coefficients (|S11]) (dB) of  proposed antenna.

the proposed DBMA for WLAN

and RFID applications.

and measured graphs of the reflection coefficient (|Sii|) (dB) of
the proposed antenna. The reflection coefficient measurement was
performed by using Rohde and Schwarz ZVA24 vector network
analyzer. From the graph, it is quite clear that there is reasonably good
agreement between the measured and simulated reflection coefficients
(IS11]) (dB). The experimental versus simulated lower and upper cutoff
frequencies present quite clearly a match and confirm good fabrication
quality of the fabricated prototype. With the measurement, the first
resonance occurs at 2.4 GHz having the reflection coefficient value
of —40.48dB with percentage fractional bandwidth (FBW) of 32.99
(2.05 GHz to 2.86 GHz), and the second resonance occurs at 5.81 GHz
having the reflection coefficient value of —20.21dB with percentage
FBW of 10.11 (5.55 GHz to 6.14 GHz). Hence, from the experimental
results, it is clear that the fabricated prototype can be used for the dual
band WLAN and RFID applications around 2.4 GHz and 5.8 GHz.

Figure 4 shows the measured peak gain in dBi of the proposed
antenna. The measured peak gain at 2.4 GHz is 3.7dBi, and the
measured peak gain at 5.8 GHz is 3.57dBi. The measured peak
gain is almost consistent in the frequency range of 2.05 GHz to
2.86 GHz, and the average peak gain in this frequency range is 3.73 dBi.
Similar situation can be seen in the frequency range of 5.55 GHz to
6.14 GHz. The average measured peak gain in this frequency range is
approximately 3.59 dBi.

Figure 5(a) shows the reflection coefficient for successive values of
the distance M between the folded strip of the radiating element and
the protruding stub in the ground plane when the other parameters
such as N (= 12mm) and P (= 4.8 mm) are kept constant. From the
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Figure 5. Simulated reflection coefficient (]|S11]|) (dB) graphs, (a)
M is a variable, N = 12mm and P = 4.8 mm, (b) N is a variable,
M = 8mm and P = 4.8mm, and (c) P is a variable, M = 8 mm and
N =12mm.

graph, it is clearly visible that when M increases from 4 mm to 12 mm,
the first resonant frequency (f1) moves towards left, which means that
the first resonant frequency (f1) decreases with the increase of the
distance M. On the other hand, the second resonant frequency (f2)
almost remains static at 5.8 GHz, but the performance degrades at
M = 10mm and 12 mm.

Figure 5(b) shows the reflection coefficient for successive values of
the length N of the protruding stub in the ground plane when the other
parameters such as M (= 8 mm) and P (= 4.8 mm) remain constant.
From the graph, it can be seen that when N increases from 8 mm
to 16 mm, the first resonant frequency (fi) moves towards left, which
means that the first resonant frequency (f1) decreases rapidly with the
increase of the length of the protruding stub N. On the other hand,
very little shifting of second resonant frequency (f2) occurs, which is
less than the shifting of the first resonant frequency (f1). Hence the
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second resonant frequency (f2) is almost independent of the variation
of N, the length of the protruding stub.

Figure 5(c) shows the reflection coefficient for successive values
of the length P of the radiating element (means also the total length
of the folded strip (L; = L,)) when the other parameters such as M
(= 8mm) and N (= 12mm) remain constant. From the graph, one
can experience that when P increases from 0.8 mm to 8.8 mm, the first
resonant frequency (f1) moves towards left, which means that the first
resonance frequency (f1) decreases with the increase of the length P.
On the other hand, the second resonant frequency (f2) is also decreased
with the increase of P, which means that the second resonant frequency
(f2) moves towards left, but the performance degrades at P = 8.8 mm.
When the width of the folded portion of the radiating is varied, the first
and second resonant frequencies increase with the increase of the width
of the folded strip. In other words, both the resonant frequencies have
shifted towards right when the width of the folded part of the radiating
strip is increased. But at the higher width of the folded part of the
radiating strip, the performance degrades for the second resonance
frequency.

Figure 6 shows the measured normalized co- and cross-polar E-
plane (zz-plane) radiation pattern of the proposed antenna at 2.4 and
5.8 GHz, respectively, and Figure 7 shows measured normalized co- and
cross-polar H-plane (yz-plane) radiation pattern at 2.4 and 5.8 GHz,
respectively. The co-polar H-plane radiation pattern is purely omni-
directional at all the measured frequencies. At 2.4 GHz, the cross-

180
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Figure 6. Measured E-plane (zz-plane) radiation patterns of the
proposed antenna at (a) 2.4 GHz and (b) 5.8 GHz.
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Figure 7. Measured H-plane (yz-plane) radiation patterns of the
proposed antenna at (a) 2.4 GHz and (b) 5.8 GHz.

polar H-plane radiation is just around —30dB and at 5.8 GHz, and
the cross-polar H-plane radiation is in between —10dB to —20dB.
The co-polar E-plane radiation pattern is directional along 90° and
270°, respectively. In the co-polar E-plane, the radiation patterns
remain roughly dumbbell shaped like that of a small dipole which
has bidirectional patterns. The cross-polar E-plane radiation is just
around —30dB, and at 5.8 GHz, the cross-polar E-plane radiation is
in between —10dB and —20dB.

Figure 8(a) shows the surface current density distribution in the
feed-line, folded strip and the protruding stub in the ground plane of
the proposed antenna at 2.4 GHz. The directions of currents in the
feed-line and ground plane are opposite in nature. It can be observed
that strong surface current flows from the top to bottom (downward
direction) of the folded strip of length (L, ). Due to this heavy flow of
surface current in the folded strip, strong resonance occurs at 2.4 GHz.
Whereas in the protruding stub (Lg) in the ground plane, a mild
current is flowing in upward direction. This is the reason that the
protruding stub in the ground plane does not produce a good resonance
at 5.8 GHz.

Similarly at 5.8 GHz, the surface current distribution in the feed-
line, folded strip and the protruding stub in the ground plane of the
proposed antenna is depicted in Figure 8(b). At 5.8 GHz, the current
densities at the feed-line and ground plane are opposite in direction.
The direction of current in the folded strip (L) is from the bottom
to top (upward direction). A strong current is also available in the
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Figure 8. Surface current density of the ground plane of the proposed
antenna at (a) 2.4 GHz and (b) 5.8 GHz.

folded strip at 5.8 GHz which gives strong resonance at 5.8 GHz. At
the same time in the protruding stub (Lg) in the ground plane, a very
weak current flows from top to bottom (downward direction). Hence,
the protruding stub in the ground plane also does not produce a good
resonance at 5.8 GHz.

Hence from the above discussion on the current distribution in
the proposed antenna at 2.4 and 5.8 GHz, a conclusion has come out
as that at 2.4 and 5.8 GHz, a strong current density is available in
either direction in the folded strip. This is the reason that the antenna
radiates strongly and simultaneously at 2.4 and 5.8 GHz as the current
density is high in the folded strip at the two frequencies. But at the
same time, in the protruding stub of the ground plane, the current
density has never built up for the antenna to strongly radiate at
2.4GHz and 5.8 GHz. The electromagnetic coupling effect has also
controlled the two excited resonant frequencies at 2.4 GHz and 5.8 GHz
between the folded strips (L,) and the protruding stub (Lg) in the
ground plane.

4. CONCLUSION

A simple microstrip fed folded strip monopole antenna with a
protruding stub in the ground plane for application in WLAN and
RFID is designed. Satisfactory dual-band operation for WLAN and
RFID application can be easily achieved by the proposed antenna,
which provides two resonant paths of different lengths for the excitation
of the two resonant frequencies. The proposed antenna is simple and
compact in size, providing broadband impedance matching, consistent
radiation pattern and appropriate gain characteristics in the WLAN
and RFID frequency ranges. Hence the proposed antenna may be a
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suitable candidate for the dual-band operation in WLAN and RFID
applications.
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