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ABSTRACT A planar monopole antenna with a parasitic shorted strip for multistandard handheld terminal is
presented. The proposed antenna simply consists of two overlapping strips: a long strip on the front side and
a parasitic shorted strip on the back side. To make the proposed antenna easy to manufacture and reduce the
manufacturing cost, the entire structure is fully printed without VIA holes, the long strip monopole is directly
fed, and the parasitic shorted strip is coupled-fed by the overlapped part. For lower and middle frequencies,
the GSM900 and PCS bands are excited by the fundamental mode of the long strip and the parasitic shorted
strip, respectively. For the upper frequency, theWi-Fi2400/RFID2450 and LTE2300/2500 bands are provided
by the third-order mode of the long strip. The detailed design of the proposed antenna and its radiation
performances are studied. The proposed multiband antenna occupies a small area of 40 × 18 mm2 on a
printed circuit board (PCB). The measured results show that the proposed antenna has three impedance
bands with return loss less than −6 dB: 25.6% for the low band (850–1100 MHz), 13.3% for the middle
band (1750–2000 MHz) and 22.7% for the high band (2190–2750 MHz).

INDEX TERMS Planar monopole antenna, parasitic shorted strip, coupled-fed, handheld terminals, multi-
band operation.

I. INTRODUCTION
Promising multiband, small internal antennas suitable
for multistandard handheld terminals have been reported
recently. The antenna structures include PIFA or printed
PIFA [1]–[3], printed or folded loop [4]–[7], planar or fractal
monopole [8]–[12], and slot antennas [13]. Among those
antennas, the planar monopole antenna is most attractive due
to its thin size, compact size, broadband characteristics and
ease of manufacture.

To meet diverse communication needs, multistandard
antennas have received widespread attention in recent years.
Multiband technology and wideband technology have been
applied to these antennas [14]. A variety of techniques have
been applied to multistandard handheld terminal antennas.
The key concept of multiband technology is to flexibly
design the physical radiation structural model of a single
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antenna, using parasitic elements, multiple strips, or higher-
order mode excitation to enable the antenna to excite
multiple resonance modes. Multiple strips can provide multi-
bands [15], [16]. Folded strips with additional straight strips
are introduced in [17] to excite more modes for band-
width enhancement. Parasitic elements were introduced to
improve the performance of an antenna or act as an extra
radiator [17]- [19]. For example, in [15] driven monopoles
with multiple branches and parasitic ground strips were
applied simultaneously for multiband operation. A stair-like
branch etched on the ground was used as a parasitic patch fed
by coupling for multistandard antenna in [18]. To obtain good
impedance matching, a coupled feed was adopted in [17] and
[18], but a directed feed matching element was used in [19].

In this paper, we demonstrate a planar monopole antenna
with a parasitic shorted strip for multistandard handheld ter-
minals. The antenna is formed by a long strip monopole
on the front side and a parasitic shorted strip on the back
side, and portion of each spatially overlaps. The long strip
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TABLE 1. Comparison of the performance of multi-standard antennas.

FIGURE 1. Configuration of the proposed planar monopole antenna.
(a) Top view, (b) bottom view.

monopole is the main radiator contributing a fundamen-
tal mode and a third-order mode, and as an extra radia-
tor, the parasitic shorted strip on the back side contributes
another fundamental mode. The long strip monopole is
directly fed and the parasitic shorted strip is coupled-fed
by the overlapped part. The entire structure is fully printed
without VIA holes. Table.1 compares the figures of merit
(including the ground clearance dimensions,-6 dB band-
width, gain) of multistandard antennas in the references. The
proposed antenna can cover several standard bands includ-
ing GSM900 (890-960 MHz), PCS (1850-1990 MHz), Wi-
Fi2400 (2412-2484 MHz), RFID2450 (2400-2483.5 MHz)
and LTE2300/2500 (2305-2400 MHz/2500-2690 MHz).

II. THE PROPOSED ANTENNA
The configuration of the proposed planar monopole antenna
is illustrated in Fig. 1. A 1.0 mm-thick FR-4 substrate (εr =
4.4) with a size of 118×42 mm2 is used as the system circuit
board of the handheld terminal. On its back side, the ground
plane is 100×42 mm2. The radiating elements of the antenna
are printed on a small nonground area of 17×39mm2 on both
sides of the board.

Fig. 1(a) shows the top view of the proposed antenna.
A long winding strip monopole and a 50�microstrip line are
printed on the front side. They are connected at feeding point

FIGURE 2. Photograph of the fabricated prototype, (a) top view,
(b) bottom view.

FIGURE 3. Measured and simulated return loss of the proposed antenna.

A. Fig. 1(b) shows the bottom view. An inverted L parasitic
shorted strip and a system ground plane are printed on the
back side. They are connected at the shorted point B. The
antenna has a simple structure, and its radiators only occupy
small areas on the front and back sides of the no-ground por-
tion, leaving a large unoccupied region for possible system
elements.

Table. 2 shows the dimensions of the antenna. The radi-
ating patch consists of a long strip monopole on the top
layer and a parasitic shorted strip on the bottom layer. There
is a linear relationship between the length of the strip and
the resonance wavelength. The total length of the long strip
monopole is 84 mm (H1+L1+L2+L3 in Fig. 1(a)), which
is approximately a quarter of the wavelength of 960 MHz.
The long strip monopole can excite two modes: one is a fun-
damental mode with a quarter wavelength at approximately
960 MHz, and the other is a third-order mode with a three-
quarter wavelength at approximately 2590 MHz providing
the GSM900/Wi-Fi2400/RFID2450/ LTE2300/2500 opera-
tion bands. Resonance frequencies can be changed by tuning
the length of the long strip. The total length of the parasitic
shorted strip on the back side is 36.5 mm (H2+L4), which is
approximately a quarter wavelength at 1860 MHz. It gener-
ates a fundamental resonance at approximately 1860 MHz to
cover the PCS operation band. Tuning the length of the par-
asitic shorted strip alters its resonance frequency. The widths
of the two strips are segmentedly changed to obtain good
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TABLE 2. Optimized antenna dimensions (unit: mm).

FIGURE 4. Simulated vector current distributions on the proposed
antenna at different frequencies, (a) 960 MHz, (b) 1860 MHz,
(c) 2590 MHz.

impedance matching. More detailed effects of the dimensions
of the proposed antenna will be illustrated in Fig. 6 and Fig. 7
in the next section.

III. RESULTS AND DISCUSSION
The proposed antenna is fabricated and tested. The prototype
is shown in Fig. 2. A 50 � microstrip line is connected
with a 50 � SMA for testing. Fig. 3 shows the measured
and simulated return loss for the proposed antenna with
the dimensions given in Table. 1. The simulated result is
obtained using Ansoft HFSS. The measured result agrees
well with the simulated result except for a small shift at
the second resonance. As discussed in section II, three
desired resonances at approximately 960 MHz, 1860 MHz
and 2590 MHz are excited, and good impedance matching is
obtained. According to the definition of a 3:1 VSWR or a
return loss of 6 dB, the first resonance indicates a wide

FIGURE 5. Comparison of return loss for the antennas with and without
the parasitic shorted strip.

FIGURE 6. Simulated return loss as a function of lengths L1 and L4;
(a) the long strip length L1, (b) the parasitic shorted strip length L4. Other
dimensions are the same as those given in Table 1.

bandwidth of 250 MHz (850 MHz-1100 MHz), covering the
GSM900 operation. The second resonance has a bandwidth
of 250 MHz (1750 MHz-2000 MHz), covering the PCS
operation. The third resonance shows an even wider band-
width of 560MHz (2190 MHz-2750 MHz), which covers the
Wi-Fi2400/RFID2450/LTE2300/2500 operation.

To better understand the multiband principles of the pro-
posed antenna, the simulated vector current distributions
at 960, 1860, and 2590 MHz (frequencies with the best
impedance matching in the above three bands) are shown
in Fig. 4. At 960 MHz and 2590 MHz in Figs. 4(a) and (c),
a stronger current is found in the long strip, which means
that the long strip monopole is the main radiator at these
two frequencies. It is obvious from the current distribution
that the fundamental mode is excited at 960 MHz, while
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FIGURE 7. Simulated return loss as a function of widths W2 and W3;
(a) the long strip width W2, (b) the parasitic shorted strip width W3. Other
dimensions are the same as those given in Table 1.

the third-order mode with a zero current spot is excited at
2590 MHz. Similarly, at 1860 MHz in Fig.4(b), a stronger
current is found in the parasitic shorted strip, which means
that the parasitic shorted strip is the main radiator at this
frequency, and the fundamental mode is excited in this
operating band.

To more clearly reveal the contributions of the long strip
and the parasitic strip to the antenna, a reference antenna is
simulated. It has almost the same configuration as that of the
proposed antenna except for the parasitic shorted strip. Fig. 5
shows a the comparison of the return loss of the proposed
antenna and the reference antenna, which indicates that the
reference antenna has a fundamental resonance at approx-
imately 870 MHz and a high-order resonance at approxi-
mately 2440 MHz. For the proposed antenna, by embedding
the parasitic shorted strip, an extra resonance at approxi-
mately 1860 MHz is obtained. Meanwhile, the lower and the
higher resonances are within the same bands as those of the
reference antenna. A small difference is that these resonances
are shifted to higher frequencies in the proposed antenna, and
their bandwidths are improved.

The dimensions of the antenna determine its characteris-
tics. The resonance frequencies of the two strips are mainly
determined by their respective lengths. The effects of the long
strip length L1 on the return loss are depicted in Fig. 6(a).
When L1 increases from 35 mm to 39 mm, the fundamental
and high-order resonances of the long strip monopole are
shifted to the lower frequency, but the resonance frequency

FIGURE 8. Simualted and measured radiation patterns of the proposed
antenna at (a)960 MHz, (b)1860 MHz, and (c)2590 MHz.

of the parasitic shorted strip is hardly affected. The effects of
the parasitic shorted strip length L4 are analyzed in Fig. 6(b).
When L4 varies from 24.5 mm to 26.5 mm, the resonance
of the parasitic shorted strip is shifted to the lower frequency,
but the fundamental and the high-order resonances of the long
strip monopole are affected slightly.

The width of the strip mainly affects the impedance
matching of the proposed antenna. As shown in Fig. 7(a),
when the long strip width W2 increases from 0.3 mm to
0.7 mm, the impedance matching of the long strip monopole
becomes worse. The fundamental resonance varies signif-
icantly and the high-order resonance varies slightly. How-
ever, the resonance of the parasitic shortened strip is hardly
affected. In Fig. 7(b), when the parasitic shorted strip width
W3 increases from 0.3 mm to 0.7 mm, the impedance
matching of the parasitic shorted strip is improved slightly.
At the same time, the fundamental resonance of the long strip
monopole is hardly affected, but in the high-order resonance,
it becomes obviously worse.

Fig. 8 demonstrates the measured co-polarization and
cross-polarization radiation patterns of the proposed antenna
at 960 MHz, 1860 MHz and 2590 MHz. It can be seen that
good omni-directional radiation performances are obtained
in the X-Y plane both in simulation and measurement.
A monopole-like radiation pattern is seen at 960 MHz. For
1860 MHz and 2590 MHz, more variation and some nulls are
found in the radiation patterns.
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FIGURE 9. Measured antenna gains and simulated radiation efficiencies
of the proposed antenna.

Fig. 9 presents the measured antenna gains and the sim-
ulated radiation efficiencies. For frequencies within the
GSM900 operation band, the measured antenna gain is
approximately 1.9 - 2.6 dBi, while the simulated radiation
efficiency is approximately 92 - 94%. For frequencies in the
PCS operation band, the measured antenna gain is approxi-
mately 2.0 - 3.0 dBi, while the simulated radiation efficiency
is approximately 65 - 73%. For frequencies covering the
Wi-Fi2400/RFID2450/LTE2300/2500 operation bands, the
measured antenna gain is approximately 3.4 - 4.3 dBi, while
the simulated radiation efficiency is approximately 68 - 79%.
The radiation performance of the proposed antenna is accept-
able for practical applications.

IV. EFFECTS OF HUMAN ON ANTENNA PERFORMANCE
The effects of proximity environment is discussed in this
section. Head and hand models are used for SAR calculation
[10], [20]. As illustrated in Fig. 10, the proposed antenna

TABLE 3. Simulated SAR values for 10-g head issue.

FIGURE 10. SAR simulation model (CST) for the proposed antenna.

FIGURE 11. Simulated return loss with human body.

is oriented by 60◦ to the vertical line of the phantom head.
This distance between the ground and the phantom ear is
5 mm. In SAR calculation, the simulated input power is
24 dBm at 960 MHz, 21 dBm at 1860 MHz, 2590 MHz.
Table. 3 lists the simulated SAR value for 10g-head tissues
at desired frequencies. It can be seen that, all the SAR values
are less than 2.0W/kg. The simulated return loss of the human
body model is shown in Fig. 11. Simulation results show
that the frequency band is not significantly degraded due to
changes in the external environment, which make the antenna
suitable for mobile multistandard phone antenna.

V. CONCLUSION
A planar monopole antenna for multiband applications is
presented. The radiating elements of the proposed antenna
occupy an area of 17 × 39 mm2 on the system circuit
board. It has a simple structure, which only consists of
two strips. One long strip monopole on the front side gen-
erates two resonances and one parasitic shorted strip on
the back side as an extra radiator generates another reso-
nance. Three good impedance matching bands are obtained.
The proposed antenna is suitable for GSM900/ PCS/Wi-
Fi2400/RFID2450/LTE2300/2500 operation. Because this
antenna is fully printed with no VIA-hole, it is easy and
inexpensive to manufacture. The simple structure and good
radiation characteristics make the proposed antenna attractive
for practical applications.
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