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Abstract—A new multiband planar antenna with a compact size
is designed and developed for mobile devices. The proposed antenna consists of a two-strip monopole and a meandered strip antenna which occupy a compact area of only 15 mm 42 mm. This
planar antenna has a bandwidth of 42% at the 900 MHz band
and 53% at the 1900-MHz band. The wide bandwidth at the low
frequency is attributed to the mutual coupling of an S-shaped strip
and an inverted-F strip which are separately printed on the two
sides of a thin substrate, forming a two-strip monopole configuration. The bandwidth at the high frequency is enhanced by inserting
a meandered strip which improves the impedance matching for the
high-frequency band. The experimental results verify the simulations. The featured broad bandwidths over two frequency bands
and the miniaturized size of the proposed antenna make it very
promising for applications in wireless communication and wireless
sensing devices.
Index Terms—Broadband antenna, mobile devices, multiband
antenna, planar antenna, wireless communications.

I. INTRODUCTION

M

ULTIBAND internal antennas have become a necessity
for the state-of-the-art multifunction “smart phones”
and wireless sensor modules for the mobile devices. Such
internal antennas are generally required to be capable of covering the frequency bands of GSM- 850/900/1800/1900 and
UMTS (824–894/890–960/1710–1880/1850–1990/1920–2170
MHz). In addition, the ever increasing implementation of
4G devices further increases the bandwidth requirement in
order to cover the LTE2300 (2305–2400 MHz) and LTE2500
(2500–2690 MHz) bands. The integration of global-operability
RFID readers and RFID-enabled wireless sensors Zigbee-based
controllers in state-of-the-art “smart-phones” necessitate the
antenna operability over the additional bands 860–956 MHz
and 2.2–2.3 GHz bands. It should be noted that the size of the
multiband internal antennas inside mobile devices has to be
as small as possible and preferably below the size of a credit
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card. Recently, many antennas have been designed to satisfy
such stringent requirements. Nevertheless most of them with
a miniaturized size fail to cover the required entire frequency
bands, especially at the lower frequency band due to the narrower bandwidth [1]–[6]. Antennas with sufficient bandwidths
typically require a considerable antenna size or thickness,
which usually makes them difficult to integrate within mobile
devices or portable wireless modules [7]–[10].
In this paper, we propose a novel multiband internal antenna
with the size of 15 mm 42 mm and a thickness of only 0.5 mm.
This antenna is capable of generating two wide operating bands
that effectively cover the GSM/UMTS/LTE/Zigbee/RFID operations in mobile devices and wireless sensors, which includes
the GSM850 (824–894), GSM900 (890–960), GSM1800
(1710–1880), GSM1900 (1850–1990), UMTS (1920–2170),
LTE2300 (2305–2400), and LTE2500 (2500–2690 MHz) bands.
It is well known that electromagnetic coupling and two-strip
configurations are two very effective methods for increasing
the bandwidth of a compact antenna structure [11]–[14]. To
achieve the wide bandwidth in the lower frequencies, we use
two printed strips with appropriately optimized electromagnetic
coupling. An additional shorter meander branch is added for
the operation around 2.1 GHz. The mutual coupling among the
three strips significantly enhances the bandwidth around the
higher frequency band, without affecting the performance in the
lower frequency band. There is no shorting via involved in the
antenna structure, something that facilitates the fabrication and
integration of such an antenna topology in a fully photolithographic technology. The configuration and performance of the
multiband antenna is described in Section II. A parametric
study is presented in Section III and experimental results are
given in Section IV.
II. ANTENNA CONFIGURATION AND PERFORMANCE
The configuration of the presented multiband antenna is illustrated in Fig. 1. The design of the antenna is based on a
TLY-5 substrate, which has a dielectric constant of
and a thickness of
mm. The proposed antenna consists
of a two-strip monopole and a meandered strip. The two-strip
monopole includes an S-shaped strip and an inverted-F strip.
The inverted-F and the meandered strips are printed on the front
side of the substrate and are fed by a 50- microstrip line while
the S-shaped strip is etched on the backside of the substrate and
terminated at a ground plane. The upper section of the inverted-F
strip is printed inside the area surrounded by the upper section of
the S-shaped strip, while the lower section of the inverted-F strip
overlaps with the lower section of the S-shaped strip, forming
a two-strip line. The width (wf) of the 50- feed line is 1.5
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Fig. 2. Comparison of the return loss between the two-strip monopole for the
900-MHz band and the meandered strip for the 1900-MHz band (the geometric
parameters used are listed in Table I).
Fig. 1. Geometry of the multiband planar antenna which consists of a two-strip
monopole for the 900-MHz band and a meandered strip for the 1900-MHz band.

mm while the width (wts) of the two-strip lines is 1.2 mm. The
meander strip is connected to the feed line through a narrower
microstrip line with a width (wf2) of 1mm. The width of the
strip line of each branch is optimized by simulation in order to
achieve better impedance matching over the desired frequency
ranges. The height (h) of the two-strip line is the same as the
total height of the antenna which is equal to 15 mm.
The multiband antenna was simulated using Ansoft simulation software HFSS v11. The first step of the design involved
the optimization of the branches that control the lower frequency band. To achieve a wide bandwidth which can cover
the 824–960 MHz frequency band, we use a driven inverted-F
strip with a total length of 80 mm and a coupled S-shaped strip
with a total length of 120 mm. The length of the two strips is
designed to make them resonate around the lower-band frequencies of 800 and 900 MHz, respectively. The distance (dst)
between the two strips is carefully chosen to optimize the mutual electromagnetic coupling for a good impedance matching
over the whole band. More design details are discussed in the
Section III. It can be seen from Fig. 2 that the two-strip antenna
generates two dual-resonant modes around 1.2 and 2.4 GHz.
The dual-resonant modes at lower frequency provide a wide
operating bandwidth for the 824–960 MHz band. However, the
dual-resonant modes around 2.4 GHz cannot cover the whole
1.7–2.7 GHz band. The dual-resonant modes can be tuned by
the length of the inverted-F branch and the S-shaped strip.
As their lengths increase, the cutoff frequencies of both the
first-order mode and the higher order mode generated by them
shift down.
In order to enhance the bandwidth around the higher frequencies, we add a meander strip to generate an additional resonance
at around 2.1 GHz. The total length of the meandered strip is
about 40 mm which is approximately a quarter wavelength at
2.1 GHz. To make use of the available space, the horizontal
part of the meander line is extended to the unfilled region below

the branch of the two-strip line. The center resonant frequency
can be adjusted by tuning the length (lv) of the horizontal part.
The combination of the additional mode of the meander line
at 2.1 GHz with the higher-order modes of the two-strip line
effectively forms a wide bandwidth that can easily cover the
1.7–2.7 GHz frequency band. On the other hand, the meander
line has almost negligible effects on the lower-frequency bandwidth around 900 MHz, allowing for an easy geometrical optimization to cover specific operation bands depending on the
choice of the respective communication and sensing applications.
To enable the multi-band antenna with a good impedance
matching and a sufficiently wide bandwidth around the
900-MHz and 2-GHz bands, the geometric parameters of the
antenna listed in Table I need to be optimized. The optimization
design was carried out with the help of numerous simulations.
The optimized values for the geometric parameters are listed in
Table I. In the rest of the paper, all geometric parameters assume
the values in this table unless they are given specifically. Fig. 6
shows the comparison between the measured and simulated
results for return loss of the optimized multiband antenna.
It is found that the simulated bandwidths (for VSWR 2.5)
around the 900-MHz and 2-GHz frequency bands are 36% (0.8
GHz–1.16 GHz) and 50% (1.70 GHz–2.83 GHz), respectively.
III. PARAMETRIC STUDY
The dual-resonant modes generated by the two-strip
monopole are very critical to the realization of the broadband feature of the antenna. As illustrated in [14], the two-strip
monopole can be represented by two equivalent circuits electromagnetically coupled with each other. The frequency behavior
of the two-strip monopole can be manipulated by tuning the resonances of its two branches and the electromagnetic coupling
between them in order to achieve a broad bandwidth impedance
matching. Through numerous HFSS simulations we found that
the distance (dst) between the two strips has an significant
effect on the mutual coupling. Fig. 3 shows the effect of the
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TABLE I
OPTIMIZED VALUES FOR THE GEOMETRIC PARAMETERS
OF THE MULTIBAND PLANAR ANTENNA

Fig. 5. Photographs of the multiband planar antenna with the optimized geometric parameters. (a) Front view. (b) Back view.

Fig. 3. Effect of the distance (dst) between the s-strip and invert-F strip on
the return loss of the multiband planar antenna, where dst was changed from
dst = 0:7 mm to dst = 1:2 mm. The optimized value for dst is 0.7 mm.



Fig. 6. Comparison between the measured and simulated result for return loss
of the multiband planar antenna.

Fig. 4. Effect of the length (lv) of meandered strip on the return loss of the
multiband planar antenna, where lv was changed from lv = 6 mm to lv =
8 mm. The optimized value for lv is 7.5 mm.



distance (dst) on the impedance matching when dst varies from
1.2–0.7 mm. As the distance between the S-shaped strip and
invert-F strip decreases, the mutual coupling is enhanced and

the impedance matching around 900 and 2200 MHz become
better. Thus, by selecting a proper length for dst, the return loss
over the whole operating band can be improved.
The impedance matching over the high frequency band can
be tuned independently by lv. Fig. 4 shows the simulated return loss for the proposed antenna as a function of lv for values
between 6–8 mm. Although little difference is observed for the
lower band, the frequency range for the upper band varies with
lv. As the total length of the meandered strip increases (lv increases), the resonant frequency shifts down, thus enhancing the
impedance matching around the 1. 7 GHz and deteriorating the
impedance match around 2.1 and 2.6 GHz.
The size of the ground plane also affects the performance of
the antenna. The length (lg) of the ground plane has a more obvious impact on the lower band. When the length decreases,
the impedance matching over the lower frequency band deteriorates. However, the impedance matching over the high frequency becomes better when the length increases to 120 mm or
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Fig. 7. Radiation patterns of the multiband planar antenna. (a) At 900 MHz. (b) at 1900 MHz.

decreases to 40 mm. The width (wg) of the ground plane has
little effect on the antenna performance. As the width increases,
the cutoff frequencies of the lower and higher bands shift down
a little bit.
IV. EXPERIMENTAL RESULTS
To verify the performance of the multiband planar antenna,
a prototype was fabricated and measured. The antenna was
mm TLY-5 substrate with 0.2 oz copper
fabricated on a
on both sides. Two photographs of the antenna prototype are
displayed in Fig. 5 showing the front view and the back view

of the planar antenna. For the purpose of measurement, the
antenna is connected to a coaxial cable in the middle section of
the ground plane. The measured return loss (RL) is presented
in Fig. 6. It is clearly seen that two wide operating bandwidths
are obtained. The lower frequency bandwidth, defined by a
VSWR of 2.5:1, is 425 MHz (42%) and covers the GSM
band (824–960 MHz). The bandwidth for a VSWR of 2:1 is
found to be 818 MHz–1190 MHz, which is also wide enough
to cover the GSM band (824–960 MHz). On the other hand,
the upper band has a bandwidth as large as 1275 MHz (53%)
(VSWR2.5:1) and covers the GSM1800 (1710–1880 MHz),
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cover the lower frequency range of 818–1190 MHz for
the GSM850/GSM900 and the higher frequency range of
1710–3000 MHz for the GSM1800 (1710–1880 MHz),
GSM1900 (1850–1990 MHz), UMTS (1920–2170 MHz),
LTE2300 (2305–2400 MHz), and LTE2500 (2500–2690 MHz)
bands. The multiband planar antenna is suitable for applications
as an internal antenna for wireless mobile and sensors devices.
ACKNOWLEDGMENT
The authors would like to thank the Speed Communication
Technology Corporation, Ltd., for its help in radiation pattern
measurement.
REFERENCES

Fig. 8. Comparison between the measured and simulated results for peak gain
of the multiband planar antenna and the measured antenna efficiency. (a) In
lower band. (b) in higher band.

GSM1900 (1850–1990 MHz), UMTS (1920–2170 MHz),
LTE2300 (2305–2400 MHz), and LTE2500 (2500–2690 MHz)
bands. The radiation patterns of the proposed antenna at the
center frequencies for lower and higher bands are plotted in
Fig. 7. At 900 MHz, the radiation pattern with almost omplane) is
nidirectional radiation in the azimuth plane (
observed. At 1900 MHz, some variations for the radiation
pattern appear due to the higher modes. The measured and
simulated values for the peak gain at the frequency bands of
(824–960 MHz) and (1710–2690 MHz) are exhibited in Fig. 8,
featuring good agreement between the measured and simulated
results. The measured antenna efficiency is also depicted in
Fig. 8. It can be seen that the antenna efficiency is higher than
50% in both of the lower band and the higher band.
V. CONCLUSION
A novel multiband planar antenna is proposed. The proposed planar antenna has two wide frequency bands which

[1] Y.-W. Chi and K.-L. Wong, “Quarter-wavelength printed loop antenna
with an internal printed matching circuit for GSM/DCS/PCS/UMTS
operation in the mobile phone,” IEEE Trans. Antennas Propag., vol.
57, no. 9, pp. 2541–2547, Sep. 2009.
[2] Y.-W. Chi and K.-L. Wong, “Internal compact dual-band printed loop
antenna for mobile phone application,” IEEE Trans. Antennas Propag.,
vol. 55, no. 5, pp. 1457–1462, May 2007.
[3] S. Hong, W. Kim, and H. Park, “Design of an internal multi resonant monopole antenna for GSM900/DCS1800/US-PCS/S-DMB operation,” IEEE Trans. Antennas Propag., vol. 56, no. 5, pp. 1437–1443,
May 2008.
[4] R. A. Bhatti and S. O. Park, “Hepta-band internal antenna for personal
communication handsets,” IEEE Trans. Antennas Propag., vol. 55, no.
12, pp. 3398–3403, Dec. 2007.
[5] K.-L. Wong, Y.-C. Lin, and T.-C. Tseng, “Thin internal GSM/DCS
patch antenna for a portable mobile terminal,” IEEE Trans. Antennas
Propag., vol. 54, no. 1, pp. 238–242, Jan. 2006.
[6] R. A. Bhatti, Y.-T. Im, and S.-O. Park, “Compact PIFA for mobile terminals supporting multiple cellular and non-cellular standards,” IEEE
Trans. Antennas Propag., vol. 57, no. 9, pp. 2534–2540, Sep. 2009.
[7] S.-Y. Lin, “Multiband folded planar monopole antenna for mobile handset,” IEEE Trans. Antennas Propag., vol. 52, no. 7, pp.
1790–1794, Jul. 2004.
[8] C.-C. Lin, H.-C. Tung, H.-T. Chen, and K.-L. Wong, “A folded metalplate monopole antenna for multiband operation of a PDA phone,” Microw. Opt. Technol. Lett., vol. 39, no. 2, pp. 135–138, Oct. 2003.
[9] Z. Du, K. Gong, and J. S. Fu, “A novel compact wide-band planar
antenna for mobile handsets,” IEEE Trans. Antennas Propag., vol. 54,
no. 2, pp. 613–619, Feb. 2006.
[10] T. K. Nguyen, B. Kim, H. Choo, and I. Park, “Multiband dual spiral
stripline-loaded monopole antenna,” IEEE Antennas Wireless Propag.
Lett., vol. 8, pp. 57–59, 2009.
[11] R. L. Li, B. Pan, J. Laskar, and M. M. Tentzeris, “A Compact broadband planar antenna for GPS, DCS-1800, IMT-2000, and WLAN applications,” IEEE Antennas Wireless Propag. Lett., vol. 6, pp. 25–27,
2007.
[12] R. L. Li, B. Pan, J. Laskar, and M. M. Tentzeris, “A novel low-profile
broadband dual-frequency planar antenna for wireless handsets,” IEEE
Trans. Antennas Propag., vol. 56, no. 4, pp. 1155–1162, Apr. 2008.
[13] H. D. Foltz, J. S. Mclean, and G. Crook, “Disk-loaded monopoles with
parallel strip elements,” IEEE Trans. Antennas Propagat., vol. 44, no.
5, pp. 672–676, May 1996.
[14] J.-H. Jung and I. Park, “Electromagnetically coupled small broadband
monopole antenna,” IEEE Antennas Wireless Propag. Lett., vol. 2, no.
1, pp. 349–351, 2003.
Ting Zhang was born in Hunan, China, in 1986.
She received the B.S. degree in electronic science
and technology from Yunnan University, Kunming,
China, in 2004. She is currently working toward the
M.S. degree in telecommunication and information
systems at South China University of Technology,
Guangzhou.
Her current research interests include small antennas and wideband antennas for mobile terminals.

4214

IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 59, NO. 11, NOVEMBER 2011

RongLin Li (M’02–SM’03) received the B.S.
degree in electrical engineering from Xi’an Jiaotong
University, Xi’an, China, in 1983, and the M.S.
and Ph.D. degrees in electrical engineering from
Chongqing University, Chongqing, China, in 1990
and 1994, respectively.
From 1983 to 1987, he was an Assistant Electrical
Engineer with the Yunnan Electric Power Research
Institute. From 1994 to 1996, he was a Postdoctoral
Research Fellow with Zhejiang University, China. In
1997, he visited Hosei University, Japan, as an HIF
(Hosei International Fund) Research Fellow. In 1998, he became a Professor in
Zhejiang University. In 1999, he visited the University of Utah as a Research Associate. In 2000, he was a Research Fellow at the Queen’s University of Belfast,
U.K. Since 2001, he has been a Research Scientist with the Georgia Institute of
Technology, Atlanta. He is now an Endowed Professor with the South China
University of Technology, Guangzhou. He has published more than 100 papers
in refereed Journals and Conference Proceedings, and three book chapters.
Dr. Li is a member of the IEEE International Compumag Society. He currently serves as an Editor of the ETRI Journal and a reviewer for a number of
international journals, including the IEEE TRANSACTIONS ON ANTENNAS AND
PROPAGATION, IEEE ANTENNAS AND WIRELESS PROPAGATION LETTERS, IEEE
MICROWAVE AND WIRELESS COMPONENTS LETTERS, IET Microwave, Antennas
and Propagation, Progress in Electromagnetic Research, Journal of Electromagnetic Waves and Applications, and International Journal of Wireless Personal Communications. He was a member of the Technical Program Committee
for IEEE-IMS 2008–2011 Symposia and a session chair for several IEEE-APS
Symposia. He was the recipient of the 2009 Georgia Tech-ECE Research Spotlight Award. His current research interests include new design techniques for antennas in mobile and satellite communication systems, phased arrays and smart
antennas for radar applications, wireless sensors and RFID technology, electromagnetics, and information theory.

GuiPing Jin (M’07) received the B.S. degree in optoelectronic techniques from Northwest University,
Xi’an, China, in 1999 and the Ph.D. degree in physical electronics from Xi’an Institute of optics and precision mechanics of Chinese Academy of Sciences
(CAS), Xi’an, China, in 2004.
Since 2004, she has been a Teacher at the School
of Electronic and Information Engineering, South
China University of Technology, Guangzhou, .
Her latest research interests include optical control
switching, modeling of antennas and microwave
devices, and photoelectric detection.

Gang Wei (M’92–SM’09) was born in January 1963.
He received the B.S. degrees from Tsinghua University, Beijing, China, and the M.S. and Ph.D. degrees
from South China University of Technology (SCUT),
Guangzhou, China, in 1984, 1987, and 1990, respectively.
He was a Visiting Scholar at the University of
Southern California, Los Angeles, from June 1997
to June 1998. He is currently a Professor with the
School of Electronic and Information Engineering,
SCUT. He is a Committee Member of the National
Natural Science Foundation of China. His research interests are digital signal
processing and communications.

Manos M. Tentzeris (M’98–SM’03–F’09) received
the Diploma degree (magna cum laude) in electrical
and computer engineering from the National Technical University of Athens, Athens, Greece, and the
M.S. and Ph.D. degrees in electrical engineering and
computer science from the University of Michigan,
Ann Arbor.
He is currently a Professor with School of Electrical and Computer Engineering, Georgia Institute
of Technology, Atlanta. He has published more than
370 papers in refereed journals and conference proceedings, five books and 19 book chapters. He has helped develop academic
programs in highly integrated/multilayer packaging for RF and wireless applications using ceramic and organic flexible materials, paper-based RFIDs and sensors, biosensors, wearable electronics, inkjet-printed electronics, “Green” electronics and power scavenging, nanotechnology applications in RF, microwave
MEMs, SOP-integrated (UWB, multiband, mmW, conformal) antennas, and
adaptive numerical electromagnetics (FDTD, MultiResolution Algorithms) and
heads the ATHENA research group (20 researchers). He served as the Georgia
Electronic Design Center Associate Director for RFID/Sensors research from
2006–2010 and as the Georgia Tech NSF-Packaging Research Center Associate Director for RF Research and the RF Alliance Leader from 2003–2006.
Dr. Tentzeris was a Visiting Professor with the Technical University of Munich, Germany for the summer of 2002, a Visiting Professor with GTRI-Ireland in Athlone, Ireland for the summer of 2009 and a Visiting Professor with
LAAS-CNRS in Toulouse, France for the summer of 2010. He has given more
than 100 invited talks to various universities and companies all over the world.
Dr. Tentzeris was the recipient/corecipient of the 2010 IEEE Antennas
and Propagation Society Piergiorgio L. E. Uslenghi Letters Prize Paper
Award, the 2010 Georgia Tech Senior Faculty Outstanding Undergraduate
Research Mentor Award, the 2009 IEEE TRANSACTIONS ON COMPONENTS AND
PACKAGING TECHNOLOGIES Best Paper Award, the 2009 E. T. S.Walton Award
from the Irish Science Foundation, the 2007 IEEE APS Symposium Best
Student Paper Award, the 2007 IEEE IMS Third Best Student Paper Award, the
2007 ISAP 2007 Poster Presentation Award, the 2006 IEEE MTT Outstanding
Young Engineer Award, the 2006 Asian–Pacific Microwave Conference Award,
the 2004 IEEE TRANSACTIONS ON ADVANCED PACKAGING Commendable
Paper Award, the 2003 NASA Godfrey “Art” Anzic Collaborative Distinguished Publication Award, the 2003 IBC International Educator of the Year
Award, the 2003 IEEE CPMT Outstanding Young Engineer Award, the 2002
International Conference on Microwave and Millimeter-Wave Technology Best
Paper Award (Beijing, China), the 2002 Georgia Tech-ECE Outstanding Junior
Faculty Award, the 2001 ACES Conference Best Paper Award and the 2000
NSF CAREER Award and the 1997 Best Paper Award of the International
Hybrid Microelectronics and Packaging Society. He was the TPC Chair
for IEEE IMS 2008 Symposium and the Chair of the 2005 IEEE CEM-TD
Workshop and he is the Vice-Chair of the RF Technical Committee (TC16) of
the IEEE CPMT Society. He is the founder and chair of the RFID Technical
Committee (TC24) of the IEEE MTT Society and the Secretary/Treasurer
of the IEEE C-RFID. He is an Associate Editor of IEEE TRANSACTIONS ON
MICROWAVE THEORY AND TECHNIQUES, IEEE TRANSACTIONS ON ADVANCED
PACKAGING, and International Journal on Antennas and Propagation. He is
a member of URSI-Commission D, a member of the MTT-15 committee, an
Associate Member of EuMA, a Fellow of the Electromagnetic Academy, and
a member of the Technical Chamber of Greece. Prof. Tentzeris is one of the
IEEE MTT-S Distinguished Microwave Lecturers from 2010–2012.

