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ABSTRACT: In this article, a uniplanar printed PIFA (planar invert-
ed-F antenna) with a coupling feed for application as an internal laptop
computer antenna for penta-band WWAN (wireless wide area network)
operation is presented. The proposed PIFA has a compact structure and
can be easily printed on one side of a small 0.8-mm thick FR4 substrate
of size 11 � 59 mm2, making it very promising to be embedded inside
the casing of the laptop computer, especially for the thin-profile lap-
top computer. With the coplanar coupling feed, the large inductive
input reactance of the PIFA at around 900 MHz is compensated, and
dual-resonance excitation for the antenna’s lower band at about 900
MHz is obtained, which allows it to easily cover GSM850/900 opera-
tion. A wide operating band is also achieved for the antenna’s upper
band at about 1900 MHz, and a bandwidth of larger than 500 MHz
is obtained to cover GSM1800/1900/UMTS operation. That is, the
proposed PIFA covers all the five operating bands of GSM850/900/
1800/1900/UMTS for WWAN operation. Details of the proposed
PIFA are presented. © 2008 Wiley Periodicals, Inc. Microwave Opt
Technol Lett 51: 549 –554, 2009; Published online in Wiley Inter-
Science (www.interscience.wiley.com). DOI 10.1002/mop.24084
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1. INTRODUCTION

The internal WWAN antennas for covering GSM850/900/1800/
1900/UMTS (824–894/890–960/1710–1880/1850–1990/1920–
2170 MHz) operation are becoming a necessity for many modern
laptop computers. By incorporating the internal WWAN antenna
and the traditional 2.4/5 GHz internal WLAN (wireless local area
network) antenna embedded in the laptop computers [1–6], ubiq-
uitous wireless internet access can be achieved. Some internal
WWAN antennas for laptop computer applications have also been
reported in the published papers. The recently reported internal
WWAN antennas include a dual-band open-loop antenna for
GSM900/1800 operation [7] and a quad-band antenna with para-
sitic elements for GSM850/900/1800/1900 operation [8]. The
former design can be printed on a planar structure; however, only
two of the five desired operating bands are obtained. The latter
design, although four operating bands are obtained, shows a three-
dimensional structure and is not promising for the thin-profile
laptop computer applications.

A design on combining the GSM900/1800 WWAN and 2.4/5
GHz WLAN internal antennas into a combo antenna with opti-
mized isolation has also been studied [9]. Embedding the WWAN
antenna in the USB (universal series bus) dongle for the laptop
computer to provide wireless internet access is also a promising
alternative [10, 11] for the internal WWAN antenna for the laptop
computers. However, these available antenna designs cannot cover
all the five desired operating bands of GSM850/900/1800/1900/
UMTS for WWAN operation.

In this article, we propose a uniplanar coupled-fed printed PIFA
for penta-band WWAN operation in the laptop computer. The
proposed PIFA is easily printed on one side of a thin FR4 substrate
at low cost and occupies a small area of 11 � 59 mm2, making it
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very promising for the thin-profile laptop computer applications.
The proposed PIFA comprises two separate radiating strips of
different lengths supporting two quarter-wavelength resonant
modes at about 900 and 1900 MHz. Owing to the use of the
coupling feed [12] in the proposed PIFA, the large input induc-
tance seen for the conventional PIFA of using a direct contact feed
at around 900 MHz is greatly compensated, resulting in a much
smaller input reactance level for the proposed PIFA. This behavior
makes it possible for the excitation of a dual-resonance quarter-
wavelength mode at about 900 MHz, which forms the antenna’s
lower band to cover GSM850/900 operation. In addition, a wide-
band quarter-wavelength mode at about 1900 MHz can also be
obtained, which easily covers GSM1800/1900/UMTS operation.
That is, all five operating bands for WWAN operation [13, 14] can
be obtained for the proposed PIFA. Detailed design of the pro-
posed uniplanar coupled-fed printed PIFA is described in this
study, and results for the fabricated prototype are presented. Ra-
diation performances of the proposed PIFA including the three-
dimensional average antenna gain over all of space, which needs to
meet the required specification (Yageo corporation, private com-
munication, http://www.yageo.com.tw) for practical applications
of the internal WWAN antenna in the laptop computers, are also
discussed.

2. PROPOSED UNIPLANAR COUPLED-FED PIFA

Figure 1(a) shows the geometry of the proposed uniplanar cou-
pled-fed printed PIFA for the laptop computer application. The
proposed PIFA is printed on one side of a 0.8-mm thick FR4
substrate of area 11 � 59 mm2 and is mounted at the center of the
top edge of a large ground plane of length 260 mm and width 200
mm. The large ground plane is considered as the supporting metal

Figure 1 (a) Geometry of the uniplanar coupled-fed printed PIFA for
GSM850/900/1800/1900/UMTS operation in the laptop computer. (b) De-
tailed dimensions of the metal pattern of the printed PIFA. [Color figure
can be viewed in the online issue, which is available at www.interscience.
wiley.com]

Figure 2 Measured and simulated return loss of the proposed PIFA.
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]

Figure 3 Comparison of the simulated return loss of the proposed PIFA
and the reference PIFA (the corresponding PIFA with a direct contact
feed). [Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]
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frame for the display of the laptop computer, whose size selected
here is reasonable for practical laptop computers. Detailed dimen-
sions of the metal pattern of the proposed PIFA are shown in
Figure 1(b). The PIFA mainly comprises a longer radiating strip
(Strip 1), a shorter radiating strip (Strip 2), and the feeding portion.
Strip 1 and Strip 2 support a resonant path of length close to about
a quarter-wavelength at 900 and 1900 MHz, respectively. Also
note that the open-end sections of the two radiating strips are
widened to have a width of 2.5 mm, which is useful for achieving
a more uniform excited surface current distribution at the open-end
section of the radiating strip and is helpful for improving the
impedance matching of the antenna to result in a wider bandwidth
obtained [15, 16]. However, even with the widened end section,
the excited quarter-wavelength mode at about 900 MHz for the
conventional PIFA using a direct contact feed for the laptop

computer application is difficult to achieve a wide bandwidth for
covering GSM850/900 operation. This is mainly because the large
ground plane connected to the conventional PIFA in the laptop
computer cannot function as an efficient radiator, different from
that for the mobile phone applications [17, 18].

The feeding portion mainly consists of a narrow shorting strip
(length 6 mm and width 0.3 mm), a coupling strip (length 21 mm
and width 1 mm), and a feeding strip (length a � 17 mm and width
b � 1 mm). The shorting strip (section CD) is located at a distance
of 22.4 mm (c) from the left edge of the printed PIFA. The
shorting-strip location c is one of the major parameters for adjust-
ing the impedance matching over the lower and upper bands of the
proposed PIFA. One end (point A) of the feeding strip is the
antenna’s feeding point, and in between the feeding strip and the
coupling strip, there is a coupling gap of width (g) 0.3 mm. By
varying the dimensions (length a and width b) of the feeding strip
and the width g of the coupling gap, the contributed capacitance of
the feeding portion to the antenna’s input impedance can be
adjusted. The contributed capacitance can effectively compensate
for the large input inductance seen for the conventional PIFA using
a direct contact feed (see the detailed results shown in Figures 3
and 4 in the next section). In addition, owing to the presence of the
coupling gap in the feeding portion, the excited surface currents in
the feeding portion can be more uniformly distributed, which is
also helpful in achieving improved impedance matching for the
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Figure 4 (a) Simulated input impedance versus frequency and (b) sim-
ulated input impedance on the Smith chart (frequency range 700 to 1000
MHz) for the proposed PIFA and the reference PIFA studied in Figure 3.
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]

Figure 5 Simulated return loss as a function of (a) the length a and (b)
the width b of the feeding strip in the antenna’s feeding portion. Other
parameters are the same as given in Figure 1. [Color figure can be viewed
in the online issue, which is available at www.interscience.wiley.com]
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antenna [19]. The proposed coupling arrangement hence results in
a dual-resonance excitation for the quarter-wavelength mode at
about 900 MHz. This allows the proposed PIFA to have a wide
lower band to cover GSM850/900 operation. A wideband quarter-
wavelength mode at about 1900 MHz for the antenna’s upper band
can also be excited to cover GSM1800/1900/UMTS operation.
Detailed effects of the parameters a, b, c, and g on the antenna
performances will be analyzed in Figures 5 and 6 in the next
section. Also note that for testing the proposed PIFA in the study,
a 50-� mini coaxial line is used, whose central conductor and
outer grounding sheath are connected to point A of the proposed
PIFA and point C (the grounding point) near the top edge of the
ground plane, respectively.

3. RESULTS AND DISCUSSION

Figure 2 shows the measured and simulated return loss of the
proposed PIFA. Good agreement between the measured data and
the simulated results obtained using Ansoft HFSS [20] is obtained.
Two wide operating bands at about 900 and 1900 MHz are
successfully excited. When compared to the corresponding PIFA
using the direct contact feed, as shown in Figure 3, the results
clearly indicate that the quarter-wavelength mode at about 900
MHz shows a dual-resonance excitation and a much wider oper-
ating band is obtained. The measured bandwidth defined by 3:1

VSWR (generally used for internal WWAN antennas in the mobile
device for practical applications) reaches 160 MHz (800–960
MHz) for the antenna’s lower band, which covers GSM850/900
operation. For the antenna’s upper band at about 1900 MHz, the
measured bandwidth is as large as 532 MHz (1708–2240 MHz),
allowing it to cover GSM1800/1900/UMTS operation. The pro-
posed PIFA hence covers all the five operating bands for WWAN
operation.

Figure 4(a) shows the simulated input impedance versus fre-
quency for the proposed PIFA and the reference PIFA studied in
Figure 3. It is seen that at around 900 MHz, both the real part (Re)
and imaginary part (Im) of the input impedance are decreased for
the proposed PIFA, and good excitation of the quarter-wavelength
mode for the antenna’s lower band can be obtained. This can be
seen more clearly in Figure 4(b), in which the simulated input
impedance on the Smith chart for the frequency range of 700–
1000 MHz is shown; along the impedance curve the frequency
interval between markers is 50 MHz). With the use of the coupling
feed in the proposed PIFA, dual-resonance excitation is obtained
for the antenna’s lower band, and a large bandwidth can be
obtained. With the improvement in the impedance matching for
frequencies over the antenna’s lower band, good excitation of a
wide operating band for the antenna’s upper band can still be
achieved for the proposed PIFA.

Figure 5 shows the effects of varying the length a and width b
of the feeding strip in controlling the good excitation of the
antenna’s lower band. Results of the simulated return loss for the
length a varied from 14 to 20 mm are given in Figure 5(a), while
those for the width b varied from 0.6 to 1.4 mm are presented in
Figure 5(b). From the comparison of the results in Figures 5(a) and
5(b), it can be seen that varying the length a is more effective in
adjusting the two resonances excited at about 900 MHz to form a
wide lower band for the antenna. At the same time, some varia-
tions in the antenna’s upper band are also seen.

Figure 6 Simulated return loss as a function of (a) the location c of the
shorting strip and (b) the width g of the coupling gap in the antenna’s
feeding portion. Other parameters are the same as given in Figure 1. [Color
figure can be viewed in the online issue, which is available at www.
interscience.wiley.com]

Figure 7 Measured radiation patterns at (a) 859 MHz and (b) 925 MHz
for the proposed PIFA. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com]
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More effective control in the impedance matching for frequen-
cies over the antenna’s lower and upper bands can be achieved by
varying the location c of the shorting strip and the width g of the
coupling gap. Results of the simulated return loss for the location
c varied from 22.4 to 25.4 mm are shown in Figure 6(a), and those
for the width g of the coupling gap varied from 0.3 to 0.7 mm are
given in Figure 6(b). For both cases, large effects on the two
excited resonances forming the antenna’s lower band are seen. The
location c of the shorting strip also shows strong effects on the
second resonance in the antenna’s upper band. In general, by
adjusting the parameters a, b, c, and g in the antenna’s feeding
portion as shown in Figures 5 and 6, acceptable impedance match-
ing for frequencies over the antenna’s lower and upper bands can
be obtained for the proposed PIFA to cover penta-band WWAN
operation.

Figure 7 shows the measured radiation patterns at 859 and 925
MHz (central frequencies of the GSM850 and GSM900 bands) for
the proposed PIFA. In the azimuthal plane (x-y plane), smooth
variations in the vertical polarization E� over all of the � angles are
seen; this can provide good coverage for WWAN operation. Figure
8 plots the measured radiation patterns at 1795, 1920, and 2045
MHz (central frequencies of the GSM1800, GSM1900, and UMTS

bands) for the proposed PIFA. Again, there are no dips or nulls for
the E� radiation in the azimuthal plane (x-y plane), hence good
coverage for WWAN operation can also be obtained.

Figure 9 shows the measured maximum antenna gain and
simulated radiation efficiency for the proposed PIFA. Over the
lower band shown in Figure 9(a), the maximum antenna gain is
varied in a small range of about 0–0.9 dBi, and the radiation
efficiency is about 55 to 65%. Figure 9(b) shows the results for the
upper band. The antenna gain is varied from about 0.5 to 2.7 dBi,
and the radiation efficiency ranges from about 68 to 95%.

Table 1 lists the three-dimensional (3D) average antenna gain
over all of sphere, which is also an important factor required for
practical applications of the internal WWAN antenna in the laptop
computers (Yageo corporation), and its minimum value generally
required for practical applications is also given in the table. From
the results, the 3D average antenna gain of the proposed PIFA is
much better than that required for practical applications. By further
considering the power loss of the long mini coaxial line (generally
about 70 mm) connected to the embedded antenna inside the
laptop computer, which is estimated to be about 1.0 dB at 900
MHz and 2.0 dB at 1900 MHz, the proposed PIFA still shows
better 3D average antenna gain than that required for practical
laptop computer applications.

Figure 8 Measured radiation patterns at (a) 1795 MHz, (b) 1920 MHz,
and (c) 2045 MHz for the proposed PIFA. [Color figure can be viewed in
the online issue, which is available at www.interscience.wiley.com]

Figure 9 Measured maximum antenna gain and simulated radiation
efficiency for the proposed PIFA. (a) The lower band for GSM850/900
operation. (b) The upper band for GSM1800/1900/UMTS operation.
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]
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4. CONCLUSION

A uniplanar coupled-fed printed PIFA, which is easy to fabricate
and capable of penta-band WWAN operation in the laptop com-
puter, has been proposed. The PIFA can be printed on a small-size
thin FR4 substrate of 11 � 59 mm2 and is especially suitable to be
embedded inside the casing of the thin-profile laptop computer as
an internal WWAN antenna. By using the coupling feed proposed
in this design, two wide operating bands at about 900 and 1900
MHz have been successfully excited such that the antenna’s lower
and upper bands cover GSM850/900 and GSM1800/1900/UMTS
operations, respectively. Thus, all the five operating bands for
WWAN operation have been obtained for the proposed PIFA.
Good radiation characteristics including the three-dimensional av-
erage antenna gain over all of space for frequencies over the five
operating bands have also been observed. The proposed PIFA is
promising as an internal WWAN antenna for the thin-profile
laptop computer applications.

REFERENCES

1. K.L. Wong, Planar antennas for wireless communications, Wiley, New
York, 2003.

2. C.M. Su, W.S. Chen, Y.T. Cheng, and K.L. Wong, Shorted T-shaped
monopole antenna for 2.4/5 GHz WLAN operation, Microwave Opt
Technol Lett 41 (2004), 202–203.

3. G.H. Huff, J. Feng, S. Zhang, G. Cung, and J.T. Bernhard, Directional
reconfigurable antennas on laptop computers: Simulation, measure-
ment and evaluation of candidate integration positions, IEEE Trans
Antennas Propag 52 (2004), 3220–3227.

4. J. Yeo, Y.J. Lee, and R. Mittra, A novel dual-band WLAN antenna for
notebook platforms, IEEE Antennas Propag Soc Int Symp Dig,
Monterey, CA, 2004, pp. 1439–1442.

5. K.L. Wong, L.C. Chou, and C.M. Su, Dual-band flat-plate antenna
with a shorted parasitic element for laptop applications, IEEE Trans
Antennas Propag 53 (2005), 539–544.

6. L.C. Chou and K.L. Wong, Uni-planar dual-band monopole antenna
for 2.4/5 GHz WLAN operation in the laptop computer, IEEE Trans
Antennas Propag 55 (2007), 3739–3741.

7. C.H. Kuo, K.L. Wong, and F.S. Chang, Internal GSM/DCS dual-band
open-loop antenna for laptop application, Microwave Opt Technol Lett
49 (2007), 680–684.

8. X. Wang, W. Chen, and Z. Feng, Multiband antenna with parasitic
branches for laptop applications, Electron Lett 43 (2007), 1012–1013.

9. K.L. Wong and L.C. Chou, Internal cellular/WLAN combo antenna

for laptop-computer applications, Microwave Opt Technol Lett 47
(2005), 402–406.

10. K.L. Wong and C.H. Kuo, Internal GSM/DCS/PCS antenna for USB
dongle application, Microwave Opt Technol Lett 48 (2006), 2408–
2412.

11. W.C. Su and K.L. Wong, Internal PIFAs for UMTS/WLAN/WiMAX
multi-network operation for a USB dongle, Microwave Opt Technol
Lett 48 (2006), 2249–2253.

12. K.L. Wong and C.H. Huang, Bandwidth-enhanced PIFA with a cou-
pling feed for quad-band operation in the mobile phone, Microwave
Opt Technol Lett 50 (2008), 683–687.

13. C.I. Lin and K.L. Wong, Printed monopole slot antenna for internal
multiband mobile phone antenna, IEEE Trans Antennas Propag 55
(2007), 3690–3697.

14. W.Y. Li and K.L. Wong, Internal printed loop-type mobile phone
antenna for penta-band operation, Microwave Opt Technol Lett 49
(2007), 2595–2599.

15. Y.L. Kuo and K.L. Wong, Printed double-T monopole antenna for
2.4/5.2 GHz dual-band WLAN operations, IEEE Trans Antennas
Propag 51 (2003), 2187–2192.

16. K.L. Wong, Y.C. Lin, and B. Chen, Internal patch antenna with a thin
air-layer substrate for GSM/DCS operation in a PDA phone, IEEE
Trans Antennas Propag 55 (2007), 1165–1172.

17. P. Vainikainen, J. Ollikainen, O. Kivekas, and I. Kelander, Resonator-
based analysis of the combination of mobile handset antenna and
chassis, IEEE Trans Antennas Propag 50 (2002), 1433–1444.

18. T.Y. Wu and K.L. Wong, On the impedance bandwidth of a planar
inverted-F antenna for mobile handsets, Microwave Opt Technol Lett
32 (2002), 249–251.

19. K.L. Wong, C.H. Wu, and S.W. Su, Ultra-wideband square planar
metal-plate monopole antenna with a trident-shaped feeding strip,
IEEE Trans Antennas Propag 53 (2005), 1262–1269.

20. Ansoft Corporation HFSS, Available at: http://www.ansoft.com/prod-
ucts/hf/hfss/.

© 2008 Wiley Periodicals, Inc.

A NOVEL P-SHAPED PRINTED
MONOPOLE ANTENNA FOR RFID
APPLICATIONS

Hanhua Yang and Shu Yan
Department of Telecommunication Engineering, Jiangsu University,
Zhenjiang 212013, People’s Republic of China; Corresponding
author: hanhua701@163.com

Received 9 June 2008

ABSTRACT: In this article, a novel p-shaped printed monopole an-
tenna is first proposed to operate simultaneously at the 2.45 and 5.8
GHz bands for radio frequency identification tag. Printed on a standard
1.6 mm FR4 substrate material, the printed monopole antenna has been
demonstrated to provide an ultra wide 10 dB return loss bandwidth with
satisfactory gains and radiation properties. The parameters which affect
the performance of the antenna in terms of its frequency domain charac-
teristics are investigated. A good agreement is achieved between the
simulation and the experiment. © 2008 Wiley Periodicals, Inc.
Microwave Opt Technol Lett 51: 554–556, 2009; Published online in
Wiley InterScience (www.interscience.wiley.com). DOI 10.1002/mop.
24083
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1. INTRODUCTION

In recent years, radio frequency identification (RFID) systems
have become very popular in many service industries, purchasing

TABLE 1 Simulated Three-Dimensional (3D) Average
Antenna Gain, Defined as the Average of the Antenna Gain
Over All of Space, for the Proposed Antenna at the Central
Frequencies of the Transmitting (Tx) Band and Receiving (Rx)
Band in Each Operating System

3D average antenna gain (dBi)
Proposed

PIFA (dBi)
Specificationa

(dBi)

GSM850 TxBand 837MHz �2.1 �3.3
RxBand 882MHz �2.0 �4.0

GSM900 TxBand 903MHz �1.9 �4.0
RxBand 948MHz �2.0 �6.0

GSM1800 TxBand 1747MHz �0.9 �4.0
RxBand 1842MHz �0.2 �6.0

GSM1900 TxBand 1879MHz �0.4 �3.3
RxBand 1959MHz �1.0 �4.5

UMTS TxBand 1950MHz �1.0 �4.5
RxBand 2140MHz �1.4 �6.0

The specification is the minimum 3D average antenna gain generally
required for practical applications of the internal WWAN antenna in the
laptop computers.
a Yageo Corporation, http:// www.yageo.com.tw.
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