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Abstract ─ Design of a simple and compact dual
frequency monopole antenna for applications in PCS
(Personal Communication System) and Bluetooth system
is presented. The first operating frequency is achieved
from a traditional monopole antenna structure for the
frequency of 1.9 GHz for PCS application while the
second operating frequency is obtained from two
spurline structures etched on the traditional monopole
antenna structure for the frequency of 2.4 GHz for
Bluetooth application. Both simulated and experimental
results, such as reflection coefficients and VSWR
(Voltage Standing Wave Ratio), are presented and
discussed. The radiation pattern measurements are also
performed. From the measured results, the first operating
band covers between 1.851 and 1.98 GHz, and the second
operating band covers between 2.28 and 2.53 GHz. The
proposed antenna is compact and suitable to be used for
applications in the PCS and Bluetooth system.
Index Terms ─ Double spurlines, dual frequency,
monopole antennas.

I. INTRODUCTION
Printed antennas have become popular since the last
decade. The design of printed antennas has received the
attention of communication research community due to
their applications in wireless communications and
their major advantages such as low profile, ease of
manufacture, low manufacturing cost, light weight, and
compatibility with monolithic microwave integrated
circuits (MMICs) [1-11], etc. Modern communication
systems (GPS, PCS, WLAN, RFID, Bluetooth, etc.)
often require antennas with compactness and low cost.
Besides, the antenna structure should be simple and the
fabrication technology should be uncomplicated.
Many printed antennas are reported in the literature
for wireless communications. Remarkable antenna
structures among them are: dual band planar branched
monopole antenna [12], internal planar monopole antenna
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for mobile phones [13], CPW-fed L-shaped slot planar
monopole antenna for triple band operation [14], dual
band CPW-fed strip-sleeve monopole antenna [15], CPWfed dual frequency monopole antenna [16], Y-shaped
planar monopole antenna [17], dual band and 9-shaped
monopole antenna for RFID and WLAN applications
[18], multifrequency printed antennas with metamaterial
particles [19], etc. Various antenna applications require
different frequency bands for their wireless
communication systems. For examples, PCS requires
1.85-1.99 GHz band for communication [20]. WLAN
employs the 2.4 GHz and 5.2 GHz bands [21], and the
2.3-2.55 GHz band is used for Bluetooth applications
[22]. The antenna size from the aforementioned antenna
designs is large and some techniques are complicated.
Also, wireless communication systems (PCS, GPS,
WLAN, RFID, Bluetooth, etc.) require antenna structure
with low cost and compactness. Therefore, the simpler
antenna design and the compact antenna size are
necessary for modern communication systems such as
dual band antenna systems, and ultra-wideband antenna
systems, etc.
Among the microstrip filter designs, spurline is a
simple structure with the smallest structure compared to
other structures [23]. Spurline is a defected microstrip
structure (DMS) with L-shaped slot etched in the
microstrip feed line. It provides resonance property with
its compact size. Examples of spurline structures in
microwave devices are: microstrip spurline filter with
miniaturization and electronic tuning technique [24],
miniaturized bandstop filter using meander spurline and
capacitively loaded stubs [25], compact microstrip
bandstop filter with spurline structures covering S-band
to Ku-band [26], microwave coupled line filter from
spurline structures [27], and harmonic suppression of
microstrip ring resonator using double spurlines [28],
etc.
In this paper, a novel approach to achieve a compact
dual band printed monopole antenna is introduced. The
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attributes of compact size and resonance property of
spurline structures are applied to the conventional printed
monopole antenna for designing a novel compact dual
band monopole antenna. The proposed monopole antenna
can be tuned to completely operate in the following
bands of PCS application (1.9 GHz) and Bluetooth
communication system (2.4 GHz). The proposed antenna
is simulated using an in-house Finite-Difference TimeDomain (FDTD) technique for reflection coefficients.
Then, the VSWR is calculated from the reflection
coefficients. The experimental results of the fabricated
antenna prototype are presented and compared with the
simulated results. The radiation pattern measurements of
the proposed antenna are also performed.
This paper is organized as follows. In Section 2, an
explanation on the design of the novel compact dual
frequency monopole antenna is given. The results are
presented and discussed in Section 3 followed by the
conclusions in Section 4.

and then the second frequency band at 2.4 GHz for
bluetooth application is designed by adding the spurline
structures to the conventional monopole antenna.
The initial design for the first frequency band is
designed with the length of one quarter wavelength at the
frequency of 1.9 GHz. The initial length is 39.5 mm. The
antenna is fabricated on an ARLON AD260A dielectric
substrate of thickness of 1 mm, relative permittivity of
2.60, and loss tangent of 0.0017 [30]. The antenna is fed
by a 50-microstrip line of length of 15 mm (G) and width
of 2.8 mm (W f ) . The second frequency band is designed
with spurline structures etched on the conventional
monopole antenna. The length of the spurline structures
is equal to 24.5 mm (L2), one quarter wavelength at the
frequency of 2.4 GHz.

II. ANTENNA DESIGN
In the antenna design, FDTD is used to simulate our
antenna design. FDTD is a simple electromagnetic
simulation tool used to analyze the antenna from the
time-dependent Maxwell’s equations. The details of
FDTD technique are available in [29]. FDTD’s code is
created using FORTRAN language.
A sketch of the spurline structure on microstrip line
is shown in Fig. 1 (a) [23]. Usually, the narrow line
provides the inductance (L) while the slot gap exhibits
the capacitance (C) [25]. A simple circuit model with a
parallel RLC circuit is shown in Fig. 1 (b). The radiation
effect and loss are represented by a resistor (R). The
resonant characteristics are modeled by L and C. Based
on the transmission line theory [25], the circuit
parameters can be determined using the following
equations:

R  2Z 0 (

1
 1) ,
S 21

Fig. 1. Sketch of a spurline structure on a microstrip line
and its RLC equivalent circuit.
After the proposed antenna is initially designed,
its dimensions are optimized to obtain the operating
frequencies of 1.9 GHz and 2.4 GHz. The geometrical
configuration of the proposed antenna is shown in Fig. 2.
The geometrical parameters are carefully adjusted and
the proposed antenna dimensions are finally obtained.
The prototype of the antenna is fabricated using the
printed circuit board etching technology following the
parameters given in Table 1. A photograph of the
proposed antenna is shown in Fig. 3.
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0.5( R  2Z 0 ) 2  4 Z 02 ,
(2)
2.83Z 0 Rf
1
,
(3)
L
(2f 0 ) 2 C
where Z 0 is the 50  characteristic impedance of the
C

transmission line, f 0 is the resonant frequency, S 21 is the
transmission coefficient at the resonant frequency, and
Δf is the -3 dB bandwidth of S 21 . Due to the resonance
obtained from the spurline structure and the compactness
of the structure, the spurline structure is employed to
design the proposed antenna.
The radiating element of the proposed antenna is
designed by using the conventional monopole antenna
theory for the first frequency band at 1.9 GHz for PCS,

Fig. 2. Sketch of the proposed antenna.
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Table 1: Dimensions of the proposed antenna
Parameters W L G Wf L1 L2
s
Value (mm) 30 60 15 2.8 30 24.5 0.5

p
2

Fig. 3. A photograph of the proposed antenna.

Fig. 4. Reflection coefficients of the proposed antenna.

III. RESUTS AND DISCUSSIONS
Figure 4 shows the simulated and measured reflection
coefficients ( S 11 ) against frequency for the proposed
monopole antenna. It is quite clear that there are two
resonant frequencies at 1.9 GHz and 2.4 GHz from the
results. The reflection coefficient measurements are
performed using the Agilent HP-E5071B vector network
analyzer. The measured lower resonant mode achieves a
-10 dB impedance bandwidth of ranging from 1.851 GHz
to 1.98 GHz with respect to the center frequency of
1.915 GHz, and the measured upper resonant impedance
bandwidth ranges from 2.28 GHz to 2.53 GHz with
respect to the center frequency of 2.38 GHz. From the
graph, it is clearly seen that the measured results for the
proposed antenna are in good agreement with the
simulated results.
The VSWR of the proposed antenna is obtained
through the FDTD simulations and the experimental
measurements. As shown in Fig. 5, the measured VSWR
are in good agreement with the simulated VSWR. The
simulated and measured VSWRs achieve a 1:2 ranging
from 1.85 GHz to 1.98 GHz for the first resonant
frequency and ranging from 2.28 GHz to 2.53 GHz for
the second resonant frequency.
The far-field range is the minimum distance that
reduces the phase variation across the proposed antenna
enough to obtain a good radiation pattern for the antenna.
The far-field radiation patterns for the proposed
monopole antenna are also examined as the following
setup in Fig. 6. The distance between the horn antenna
and the proposed antenna is 25 cm. The measured
radiation patterns of the proposed monopole antenna at
1.9 GHz and 2.4 GHz are illustrated in Fig. 7 and Fig. 8,
respectively. It is noticed that the proposed antenna
exhibits a traditional dipole antenna pattern at Y-Z plane,
and an omni-directional pattern at the X-Z plane for both
resonant frequencies.

Fig. 5. VSWR of the proposed antenna.

Fig. 6. Radiation pattern measurement setup.
Figure 7 plots the measured radiation patterns of the
proposed antenna at 1.9 GHz with the measured antenna
gain of 2.11 dBi, while Fig. 8 illustrates the measured
radiation patterns of the proposed antenna at 2.4 GHz
with the measured antenna gain of 2.15 dBi.
The size of the proposed antenna is compared with
other antennas in Table 2. From Table 2, it is found that
the size of the proposed antenna is smaller than other
antennas.
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Table 2: Size comparison for antennas
Overall
Operating
Antenna
Dimension
Frequency (GHz)
Antenna in [13] 40 mm x 65 mm
1.8
Antenna in [14] 57 mm x 68 mm 0.9, 1.87, 2.18
Antenna in [15] 50 mm x 110 mm
0.9, 1.8
Antenna in [16] 56 mm x 60 mm
1.80, 2.46
Proposed antenna 30 mm x 60 mm
1.9, 2.4

IV. CONCLUSION

Fig. 7. Radiation patterns of the proposed antenna at 1.9
GHz: (a) Y-Z plane and (b) X-Z plane.

A new design of compact dual frequency monopole
antenna constructed by a traditional monopole antenna
structure and two spurline structures is proposed. The
lower operating frequency (1.9 GHz) is obtained from
the traditional monopole antenna while the upper
operating frequency (2.4 GHz) is obtained from the
spurline structures etched on the traditional monopole
antenna. The measured results such as reflection
coefficients and VSWR are obtained and compared with
the simulated results. Moreover, the radiation pattern
measurements are also performed. The proposed antenna
exhibits a traditional dipole antenna pattern at Y-Z plane,
and an omni-directional pattern at the X-Z plane for both
1.9 GHz and 2.4 GHz. The proposed antenna covers dual
bands for PCS and Bluetooth applications. The proposed
antenna is simple in design and compact in size. Hence,
the proposed antenna may be a suitable candidate for
the dual frequency operations in PCS and Bluetooth
applications. This technique can be applied to other
operating frequency bands for various dual band
applications.

ACKNOWLEDGMENT
This work is financially supported by the Faculty of
Engineering, Mahasarakham University, Thailand. Also
the author would like to thank the Electrical and
Electronic Product Testing Center (PTEC), King
Mongkut’s Institute of Technology Ladkrabang (KMITL),
Bangkok, Thailand for the assistance in the experimental
measurements of the proposed antenna.

REFERENCES
[1]

[2]

[3]
Fig. 8. The Radiation patterns of the proposed antenna at
2.4 GHz: (a) Y-Z plane and (b) X-Z plane.

X. H. Jin, X. D. Huang, C. H. Cheng, and L. Zhu,
“Super-wideband printed asymmetrical dipole
antenna,” Progress in Electromagnetics Research
Letters, vol. 27, pp. 117-123, 2011.
S. Lin, S. Luan, Y. Wang, X. Luo, X. Han, X. Q.
Zhang, Y. Tian, and X. Y. Zhang, “A printed logperiodic tree-dipole antenna (Plptda),” Progress in
Electromagnetics Research M, vol. 21, pp. 19-32,
2011.
J. R. Panda and R. S. Kshetrimayum, “A printed
2.4GHz/5.8GHz dual-band monopole antenna with
a protruding stub in the ground plane for WLAN
and RFID applications,” Progress in Electro-

ANGKAWISITTPAN, SIRITARATIWAT: A DUAL FREQUENCY MONOPOLE ANTENNA WITH DOUBLE SPURLINES

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

magnetics Research, vol. 117, pp. 425-434, 2011.
S. Papantonis and E. Episkopou, “Compact dual
band printed 2.5-shaped monopole antenna for
WLAN applications,” Progress in Electromagnetics
Research C, vol. 24, pp. 57-68, 2011.
I. T. Tang, C. M. Li, and C. Y. Lin, “Printed dipole
antenna with back to back asymmetric dual-C
shape uniform strips for Dtv applications,” Progress
in Electromagnetics Research C, vol. 22, pp. 7383, 2011.
M. Abu, M. K. A. Rahim, O. B. Ayop, and F. Zubir,
“Triple-band printed dipole antenna with singleband Amc-His,” Progress in Electromagnetics
Research B, vol. 20, pp. 225-244, 2010.
Y. S. Hu, M. Li, G. P. Gao, J. S. Zhang, and M. K.
Yang, “A double-printed trapezoidal patch dipole
antenna for UWB applications with band-notched
characteristic,” Progress in Electromagnetics
Research, vol. 103, pp. 259-269, 2010.
T. Sedghi, V. Rafii, and M. Moosazadeh, “UWB
monopole antenna with compact polygon-shaped
patch for portable devices,” Applied Computational
Electromagnetics Society Journal, vol. 29, no. 1,
pp. 67-70, 2014.
M. Naser-moghadasi and S. F. Qotolo, “A novel
switchable double band-notch antenna for ultrawideband application,” Applied Computational
Electromagnetics Society Journal, vol. 29, no. 10,
pp. 763-770, 2014.
B. Heydari, Z. Sanaati, V. Waladi, and Y.
Zehforoosh, “A novel fractal monopole antenna
with wide bandwidth enhancement for UWB
applications,” Applied Computational Electromagnetics Society Journal, vol. 29, no. 11, pp. 923927, 2014.
N. Ojaroudi, M. Ojaroudi, and N. Ghadimi, “UWB
monopole antenna with WLAN frequency bandnotched performance by using a pair of E-shaped
slits,” Applied Computational Electromagnetics
Society Journal, vol. 28, no. 12, pp. 1244-1249,
2013.
M. N. Suma, R. K. Raj, M. Joseph, P. C. Bybi, and
P. Mohanan, “A compact dual band planar
branched monopole antenna for DCS/2.4-GHz
WLAN applications,” IEEE Microwave and
Wireless Components Letters, vol. 16, no. 5, pp.
275-277, 2006.
C. A. Shen and K. H. Lin, “A broadband internal
planar monopole antenna for mobile phone,”
Microwave and Optical Technology Letters, vol.
48, no. 4, pp. 768-769, 2006.
W. C. Liu and C. C. Huang, “A CPW-fed L-shaped
slot planar monopole antenna for triple-band
operations,” Microwave and Optical Technology
Letters, vol. 44, no. 6, pp. 510-512, 2005.
C. H. Cheng, W. J. Lv, Y. Chen, and H. B. Zhu, “A

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

dual-band strip-sleeve monopole antenna fed by
CPW,” Microwave and Optical Technology
Letters, vol. 42, no. 1, pp. 70-73, 2004.
H. D. Chen and H. T. Chen, “A CPW-fed dualfrequency monopole antenna,” IEEE Transactions
on Antennas and Propagation, vol. 52, no. 4, pp.
978-982, 2004.
J. S. Mandeep and T. C. How, “Design of a dual
monopole antenna with wideband frequency,”
Progress in Electromagnetics Research C, vol. 3,
pp. 119-128, 2008.
J. R. Panda, A. S. R. Saladi, and R. S. Kshetrimayum,
“A compact printed monopole antenna for dualband RFID and WLAN applications,” Radioengineering, vol. 20, no. 2, pp. 464-467, 2011.
D. Segovia-vargas, F. J. Herraiz-martinez, E.
Ugarte-munoz, J. Montero-de-paz, V. Gonzalezposadas, and L. E. Garcia-munoz, “Multifrequency
printed antennas loaded with metamaterial
particles,” Radioengineering, vol. 18, no. 2, pp.
129-143, 2009.
C. Mahatthanajatuphat, S. Saleekaw, P.
Akkaraekthalin, and M. Krairiksh, “A rhombic
patch monopole antenna with modified Minkowski
fractal geometry for UMTS, WLAN, and Mobile
WIMAX application,” Progress in Electromagnetics Research, vol. 89, pp. 57-74, 2009.
W. Ren, “Compact dual-band slot antenna for 2.4/5
GHz WLAN applications,” Progress in Electromagnetics Research B, vol. 8, pp. 319-327, 2008.
P. C. Ooi and K. T. Selvan, “A dual-band circular
slot antenna with an offset microstrip-fed line for
PCS, UMTS, IMT-2000, ISM, Bluetooth, RFID
and WLAN applications,” Progress in Electromagnetics Research Letters, vol. 16, pp. 1-10,
2010.
R. N. Bates, “Design of microstrip spur-line bandstop filters,” IEE Journal on Microwave, Optics
and Acoustics, vol. 1, no. 6, pp. 209-214, 1977.
M. Chongcheawchamnan, M. F. Shafique, and I.
D. Robertson, “Miniaturisation and electronic
tuning techniques for microstrip spurline filters,”
IET Microwaves, Antennas and Propagation, vol.
5, no. 1, pp. 1-9, 2011.
H. Liu, R. H. Knoechel, and K. F. Schuenemann,
“Miniaturized bandstop filter using meander
spurline and capacitively loaded stubs,” ETRI
Journal, vol. 29, no. 5, pp. 614-618, 2007.
K. Singh and K. Nagachenchaiah, “Very wideband,
compact microstrip bandstop filter covering Sband to Ku-band,” International Journal of
Microwave Science and Technology, vol. 2010, pp.
1-4, 2010.
J. R. Loo-yau, O. I. Gomez-pichardo, and F.
Sandoval-ibarra, “Spurline structures and its
application on microwave coupled line filter,”

980

ACES JOURNAL, Vol. 31, No.8, August 2016

981

Revista Mexicana De Fisica, vol. 57, no. 3, pp.
184-187, 2011.
[28] N. Angkawisittpan, “Harmonic suppression of
microstrip ring resonator using double spurlines,”
International Journal of the Physical Sciences, vol.
7, no. 1, pp. 31-36, 2012.
[29] A. Taflove and S. Hagness, Computational
Electrodynamics: The Finite-Difference TimeDomain Method. 2nd ed., Norwood: Artech House,
2000.
[30] Arlon Electronic Materials Division, Rancho
Cucamonga, CA, USA.

Niwat Angkawisittpan was born in
Khon Kaen, Thailand. He received
his B.Eng. in Electrical Engineering
with honors from Khon Kaen
University, Thailand in 1997. He
received his M.Sc. in Electrical &
Computer Engineering from Purdue
University, Indiana, USA in 2003.
Also he received his Ph.D. in Electrical Engineering
from University of Massachusetts Lowell, Massachusetts,
USA in 2009. Since 2009, he has been with the

Department of Electrical Engineering, Faculty of
Engineering, Mahasarakham University, Maha Sarakham,
Thailand as a Lecturer. He has authored or co-authored
a number of papers in scientific journals and conference
proceedings. His research interests include compact
microstrip devices, Metamaterial applications for RF and
microwave circuits, and electromagnetic material
characterization.
Apirat Siritaratiwat received his
B.Eng. (EE) from Khon Kaen
University in 1992. After working
in the industry for few years, he
joined the Department of Electrical
Engineering, Khon Kaen University
in 1994 and continued his postgraduate study at the University of
Manchester, UK, between 1995-1999. He has served in
many managerial positions such as Head of Department,
Assistant to President for Research Affairs, etc. He has
done researches in HDD and been one of pioneer
researchers of ESD/EOS and EMI in recording heads.
Since his researches are mainly jointed with HDD
industry, it leaded to the establishment of the KKUSeagate Cooperation Research Laboratory and the I/U
CRC in HDD Component where he was Director. He has
published more than 80 articles and held 4 pending
patents.

