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Abstract—In this paper, we propose a wideband internal Planar
Inverted-F Antenna (PIFA) by novel feeding structure at practical
mobile handset. The proposed antenna by novel feeding structure
shows 33.49% wideband impedance bandwidth, compared to 16.92%
impedance bandwidth of normal feeding structure of PIFA. We explain
novel feeding structure antenna by using equivalent circuit. The
normal feeding structure of conventional PIFA has the inductive
reactance structurally. To reduce its inductive reactance, a shunt
inductive reactance using a novel feeding structure is added to normal
feeding structure of conventional PIFA, structurally. So, reactance of
PIFA is decreased and impedance bandwidth of PIFA is increased.
The size of proposed antenna is 29.2× 8.2× 8.3mm3. As well as, the
implemented antenna has a good radiation pattern and high antenna
gains despite very small volume.

1. INTRODUCTION

Recently, antenna technologies for impedance bandwidth improvement
are strongly required for mobile handset to cover multi-band with
a single internal type antenna because of supporting various global
communication standards and services. And there are strong demands
for small, lightweight, and compact mobile handset. These demands
also require the development of a low-profile internal antenna with
superior performances such as the good radiation pattern, low specific
absorption rate (SAR) value and high gain. However, the design of an
internal antenna is technically challenging due to the limited antenna
volume, a lot of the components of the practical handset, battery
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and influence of plastic housing of the mobile handset disturbing the
antenna radiation. To overcome these problems, the planar inverted-
F antenna (PIFA) is a good candidate for practical handsets because
of its simple structure, omni-directional radiation pattern, low profile,
and lightweight characteristics. By the way, the PIFA has the critical
problem, which the impedance bandwidth of conventional PIFA is
narrow. So, many techniques of internal antennas to improve the
impedance bandwidth have been studied to meet the needs for multi-
band and multimedia handset antenna for the third generation mobile
system, such as the stacked patch type PIFA [1], combination antenna
of PIFA and planar inverted-L (PIL) [2–4], electro-magnetic feeding
antenna type using ground slit and slot [5–7], monopole antenna
type [8–14], and PIFA type using variation of feeding structure [15].

In this paper, a novel feeding structure PIFA is proposed to cover
the quad band antenna system that has operation bandwidth such
as 8.7% impedance bandwidth ranging from 860MHz to 960MHz
for Global System for Mobile communications (GSM900, 880 ∼
960MHz) at the low band and 23.7% impedance bandwidth ranging
from 1710 MHz to 2170 MHz for Digital communication System (DCS,
1,710 ∼ 1,880MHz), Personal Communication Service (PCS, 1,880 ∼
1,990MHz) and Universal Mobile Telecommunications system (UMTS,
1,920 ∼ 2,170MHz) at the high band. And the proposed antenna used
the novel feeding structure, having the two current paths, to improve
the impedance bandwidth. It shows that the proposed antenna has
sufficient impedance bandwidth and gains to cover the GSM900, DCS,
PCS and UMTS frequency bands.

The paper is organized as follows. The practical handset model
and geometry of the proposed antenna are described in Section 2. The
simulation and measurement results for antenna analysis are given
in Section 3. Finally, the conclusion of the paper is summarized in
Section 4.

2. PIFA BY NOVEL FEEDING STRUCTURE

The geometry of the proposed PIFA for operating at GSM900/DCS/P-
CS/UMTS frequency bands is shown in Figure 1. The antenna size of
example design is 29.2 × 8.2 × 8.3mm3. We used a cell phone EV-
W370 model of KT-Tech for this paper. It is shown in Figure 1. The
cell phone was designed at KT-Tech using the ProEngineer CAD tool.
The ground size of practical mobile handset is 45 × 125mm2 that is
considered at the slide up state, and the proposed antenna is located
at 2.5 mm away from the bottom portion of ground plane.

The proposed antenna has two radiation elements. The radiation
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Figure 1. Geometry of practical handset and proposed antenna.
(a) Handset feature, (b) metal part of the handset, (c) feature of the
proposed antenna.

elements for the low band and high band are located inside and outside,
respectively. In order to achieve the low band resonance, the outside
branch has the long current path that is selected to be about 75.9mm
calculated from the feeding point to the open end of out side branch.
It is very close to a quarterwave of 900 MHz frequency. Note that
resonance frequency is affected by both the length of the current path
and the width of the open end. It is enough to cover the low band for
GSM900. Also, in order to achieve the high band resonance, the inside
branch has the shorter current path that is selected to be about 30 mm
calculated from the feeding point to the open end of inside branch.
It is very close to a quarterwave of 2,000MHz frequency. The slight
difference is mainly because of the existence of the carrier, housing and
components of the handset which shortens the resonating wavelength.

However, it is hard to cover the high band bandwidth because of
the required wide impedance bandwidth for DCS, PCS and UMTS. In
order to cover the high band bandwidth, the novel feeding structure
was designed without any change of antenna feature. The novel
feeding structure PIFA has two input current paths compare to normal
feeding structure. It lets the proposed antenna have wide impedance
bandwidth at the high band. The holes on the antenna pattern are
made for contact to carrier

3. ANTENNA ANALYSIS

The commercial program SEMCAD-X [16] based on the FDTD
(Finite Difference Time Domain) is used to obtain suitable values
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Figure 2. Simulation and measurement results on the VSWR of the
proposed antenna.

(a) (b)

Figure 3. Simulation results on the input impedance of the proposed
antenna. (a) Resistance, (b) reactance.

of parameters and analyze the behavior of the proposed antenna.
And electrical characteristics are measured with HP8720C network
analyzer.

Figure 2 shows the simulated and measured results on the VSWR
of the proposed antenna in the slide up of the handset. Simulated
results agree well with measured ones. Figure 2 shows the electrical
characteristic difference between normal feeding structure and novel
feeding structure on the VSWR. The results in Figure 2 indicated that
fabricated novel feeding structure antenna has the wider bandwidth
characteristic than the fabricated normal feeding structure antenna
for the high band.

Figure 3(a) shows the simulated results on the input resistance
of the proposed antenna. The input resistance of the normal feeding
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agrees well with the input resistance of novel feeding antenna, but
Figure 3(b) shows that the inductive reactance of the normal feeding
antenna is dominant at the high band. So, the normal feeding antenna
can not have wide impedance bandwidth at the high band.

In order to reduce the inductive reactance without impedance
variation at another band, the antenna needs shunt inductive reactance
at the high band. As novel feeding structure has the separated
feeding structure, it makes the two current paths for excitation of
antenna. The two current paths effectively make the shunt inductive
reactance nearby feeding position at the high band. As a result of these
two current paths, novel feeding antenna can have shunt inductive
reactance at the high band. It means that the wide impedance
bandwidth of the novel feeding antenna can be obtained at the high
band. And, Figure 3(b) shows that reactance is zero at 1.4GHz. But
this is not resonance because resistance is very high.

Figure 4 shows the equivalent circuit of the novel feeding antenna.
If the novel feeding antenna could be equivalent as two parallel
resonance circuits, we can define that the left and right sides of the

Figure 4. Equivalent circuit of novel feeding structure antenna.

Table 1. Measured bandwidth of antenna.

band Feeding Type
Frequency band

(VSWR≤3)
Bandwidth (%)

Low Normal
0.860GHz∼0.973GHz 12.33%

band Novel
High Normal 1.688GHz∼2.000GHz 16.92%
band Novel 1.688GHz∼2.367GHz 33.49%
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source is the RLC parallel resonance circuits of the low and high
band, respectively. In a right side circuit of the source, the normal
feeding structure has the inductance (Lnormal) disturbing wide band
resonance of the high band between source and RLC parallel resonance
circuit. The inductance value can be reduced by adding shunt another
inductance. In this paper, the shunt inductance (Lnovel) by novel
feeding structure was used to reduce the existing inductance (Lnormal)
disturbing wide band resonance. It means that wideband resonance
was achieved by reducing existing inductance (Lnormal).

Table 1 shows measured bandwidth of the normal and novel
feeding antenna. The bandwidth of the low band, determined by
3 : 1 VSWR, reaches 113 MHz ranging from 0.860GHz to 0.973GHz.
Bandwidth for high band of normal feeding antenna, determined by
3 : 1 VSWR, reaches 312 MHz ranging from 1.688GHz to 2.000GHz.
Bandwidth for high band of novel feeding antenna, determined by 3 : 1

(a)

(b)

Figure 5. Measured radiation patterns of the proposed antenna.
(a) 0.9 GHz at low band, (b) 2,000 MHz at high band.
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Figure 6. Measured gain and efficiency of the proposed antenna.
(a) At low band, (b) at high band.

VSWR, reaches 679 MHz ranging from 1.688GHz to 2.367 GHz. It
shows that novel feeding antenna have wider band width than normal
feeding antenna.

Figure 5 shows the measured radiation patterns in the x-y plane
(azimuth plane) and x-z plane (elevation plane) for the proposed
antenna at 0.900GHz, and 2.000 GHz. At the low band, typical
radiation pattern such as monopole was shown. Also, radiation pattern
at the high band was shown such as a quarterwave resonance pattern
because the ground size is much bigger than wave length of the
resonance frequency.

Measured results on gain are indicated in Figure 6. In Figure 6(a),
the measured gain range of the proposed antenna is from −0.43 dBi to
1.20 dBi for lower band. In Figure 6(b), the measured gain range of the
proposed antenna is from 2.0 dBi to 3.8 dBi for high band and shows
that gain of the novel feeding structure antenna at the high band is
better than normal feeding structure antenna. Though the antenna was
built in practical handset case with battery and many components of
the handset, it shows good gain performances.

4. CONCLUSION

This paper propose a wideband antenna by the novel feeding structure
at the practical handset. In order to improve the impedance bandwidth
at the high band for DCS, PCS and WCDMA, shunt inductive
reactance is applied by using two current paths of the novel feeding
structure. Also, the novel feeding structure antenna has been explained
by using the equivalent circuit. Measured radiation performances at
the free space are good for practical handset.



8 Kim, Yang, and Yang

REFERENCES

1. Rhyu, H. P., J. H. Jo, F. J. Harackiewicz, and B. J. Lee,
“Multiband internal antenna using two layer shorted patches for
mobile handsets,” Microw. Opt. Technol. Lett., Vol. 49, No. 1,
176–179, Jan. 2007.

2. Seol, K., Y. Jang, and J. Choi, “PIFA with PIL patch having
bent feed line for GSM/DCS/PCS/UMTS/WiBro applications,”
Electron. Lett., Vol. 43, No. 8, Apr. 2007.

3. Bhatti, R. A. and S. O. Park, “Hepta-band internal antenna
for personal communication handsets,” IEEE Trans. Antennas
Propagat., Vol. 55, No. 12, 3398–3303, Dec. 2007.

4. Bhatti, R. A., Y. T. Im, and S. O. Park, “Compact PIFA for
mobile terminals supporting multiple cellular and non-cellular
standards,” IEEE Trans. Antennas Propagat., Vol. 57, No. 9,
2534–2540, Sep. 2009.

5. Lin, C. I. and K. L. Wong, “Internal hybrid antenna for multiband
operation in the mobile phone,” Microw. Opt. Technol. Lett.,
Vol. 50, No. 1, 38–42, Jan. 2008.

6. Wu, C. H. and K. L. Wong, “Hexa-band internal printed slot
antenna for mobile phone application,” Microw. Opt. Technol.
Lett., Vol. 50, No. 1, 35–38, Jan. 2008.

7. Yoon, K. S., S. B. Park, S. M. Kim, and W. G. Yang, “Penta-band
internal antenna for mobile handset applications using parasitic
element,” Microw. Opt. Technol. Lett., Vol. 50, No. 12, 3045–3048,
Dec. 2008.

8. Wu, C. H. and K. L. Wong, “Hexa-band internal printed slot
antenna for mobile phone application,” Microw. Opt. Technol.
Lett., Vol. 50, No. 1, 35–38, Jan. 2008.

9. Du, Z., K. Gong, and H. S. Fu, “A novel compact wide-band
planar antenna for mobile handsets,” IEEE Trans. Antennas
Propagat., Vol. 54, No. 2, 613–619, Feb. 2005.

10. Kim, S. M., K. S. Yoon, S. B. Park, W. G. Yang, N. K. Kim,
and J. H. Lee, “Multi-band internal monopole antenna for mobile
station,” Microw. Opt. Technol. Lett., Vol. 50, No. 1, 241–244,
Jan. 2008.

11. Lin, S. Y., “Multiband folded planar monopole antenna for mobile
handset,” IEEE Trans. Antennas Propagat., Vol. 52, No. 7, 1790–
1794, Jul. 2004.

12. Liu, Y. T., “Wideband stubby monopole antenna for mobile
phone,” Electron. Lett., Vol. 42, No. 7, 385–387, Mar. 2006.



Progress In Electromagnetics Research C, Vol. 32, 2012 9

13. Kuo, J. S. and C. Y. Huang, “Triple-frequency planar monopole
antenna for side-feed communication device on GSM/DCS/PCS
operation,” Electron. Lett., Vol. 42, No. 5, 268–270, Mar. 2006.

14. Chiu, C. Y., P. L. Teng, and K. L. Wong, “Shorted, folded planar
monopole antenna for dual-band mobile phone,” Electron. Lett.,
Vol. 39, No. 18, 268–270, Sept. 2003.

15. Kim, B. N., S. O. Park, Y. S. Yoon, J. K. Oh, K. J. Lee, and
G. Y. Koo, “Hexaband planar inverted-F antenna with novel feed
structure for wireless terminals,” IEEE Antennas and wireless
propag. Lett., Vol. 6, 66–69, 2007.

16. SEMCAD, Schmid & Partener Engineering AG (SPEAG)
[Online], Available: http://www.semcad.com.


