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Abstract—In this paper, a planar coupled-fed monopole antenna with
eight-bandLTE/WWAN(LTE700/2300/2500/GSM850/900/1800/1900
/UMTS) operation for mobile handset device application is proposed.
It simply consists of a T-shaped driven strip and a coupled radiating
structure, which occupy a small PCB area of 50 (L)×15 (W )mm2. This
antenna, which is printed on a 0.4 mm FR4 substrate and fed by a 50-
Ω coaxial cable, can provide two wide operating bandwidths covering
697–1012MHz and 1598–2795 MHz for LTE/WWAN communication
systems. A prototype of the proposed antenna is fabricated, tested
and analyzed. From the measurement results, nearly omnidirectional
coverage and stable gain variation across the desired LTE/WWAN
bands can be obtained with the antenna.

1. INTRODUCTION

Due to the rapid growth in communication technology, many future
portable devices such as smart phone and laptop computer will possess
both the WWAN (Wireless Wide Area Network) and the LTE (Long
Term Evolution) functions for real-time voice and data transmission.
To this end, a multiband antenna design will be a promising technique
for those devices. Recently, numerous antenna designs capable
of covering not only the GSM850/900/1800/1900/UMTS bands
(824–896/880–960/1710–1880/1850–1990/1920–2170MHz) but also
the LTE700/2300/2500 bands (698–787/2305–2400/2500–2690MHz)
have been proposed and discussed. Considering the design condition
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in a mobile handset, some antennas with LTE/WWAN operation
have attracted very high attention [1–7]. To widen the operating
bandwidth, three planar coupled-fed monopole antennas presented
in [1–4] were formed with an inductive shorting strip to generate
more than three resonant modes. Good multiband property for
LTE/WWAN application could be thus obtained with above antenna
designs. It was noted that for a smaller mobile handset device, the
use of a meander shape was an effective way to reduce the antenna’s
size. Several internal antennas with a quite compact size were therefore
reported in [5–7].

In addition to mobile handset device, many multiband antenna
designs [8–13] were suitable to be embedded inside a laptop computer
or a tablet computer for LTE/WWAN application. By using a
coupled-fed structure to excite the branch radiator, both a loop-
type antenna [8] and a shorted monopole antenna [9] could operate
at LTE/WWAN bands for a laptop computer. Moreover, there are
three useful methods for further expanding the antenna bandwidth,
which are based on printed slot [10], parallel resonant circuit [11],
and parasitic shorted strip [12]. Above methods all can well assist
an internal antenna to attain eight-band feature for laptop computer
application. It should be noted that radiation performance is another
crucial issue for LTE/WWAN antenna design. A compact multi-
branch inverted-F antenna [13], printed on a ceramic substrate with
low loss property, may realize good radiation efficiency over the bands
of interest. According to those studies shown in [1–13], we clearly know
that an internal LTE/WWAN antenna must be designed together with
a compact size, multiband operation and good radiation performance
for real application.

Regarding the LTE/WWAN application in a mobile handset
device, a planar coupled-fed eight-band monopole antenna is proposed
and studied in this paper. This design is simple and implemented using
a low cost FR4 substrate. It has a compact size of 50 (L)×15 (W )mm2

and two wide operating bandwidths covering 697–1012 MHz and 1598–
2795MHz. By properly forming the coupling structure, the proposed
design can well function as an internal antenna for a mobile handset.
It is also well-known that this kind of coupling driven-parasitic
elements has been found useful for multiband operation with a small
size [14]. Details of the antenna design and resonant principle are then
described in Section 2. A fabricated prototype of the antenna will be
experimentally tested and analyzed in Section 3. Parametric study for
further tuning the antenna’s property will be performed and discussed
as well. Finally, this paper will be concluded with a brief summary in
Section 4.
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2. ANTENNA DESIGN

Figure 1(a) depicts the whole design structure of the proposed planar
coupled-fed eight-band monopole antenna. It is composed of a T-
shaped driven strip and a coupled radiating structure, which is

(a)

(b)

Figure 1. Design structure of the proposed coupled-fed eight-band
monopole antenna. (a) Antenna geometry, (b) antenna integrated
with the ground plane. (L1 = 6 mm, L2 = 5.5mm, L3 = 3.5mm,
L4 = 5 mm, L5 = 1 mm, L6 = 3 mm, L7 = 3mm, L8 = 15 mm, L9 =
85mm, W1 = 50mm, W2 = 29 mm, W3 = 41.5mm, W4 = 20.5mm,
W5 = 1 mm, W6 = 0.5mm and W7 = 50 mm).
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fabricated on a 0.4-mm-thick FR4 substrate with dielectric constant
εr = 4.4 and loss tangent tan δ = 0.02. The antenna is fed by a
50 ohm coaxial cable and has a compact size of 50 (L) × 15 (W )mm2,
so that it can be used inside a mobile handset device as an internal
antenna. As shown in Figure 1(b), the antenna is placed at the top
edge of the ground plane with a suitable size of 100 (L)× 50 (W )mm2.
Such ground plane to model a mobile handset device is reasonable
for actual application. In order to have the LTE/WWAN eight-
band operation, the proposed antenna must be designed with multiple
resonant modes. To this end, the antenna utilizes the T-shaped strip to
generate 760MHz mode, and applies the coupled radiating structure to
produce 1600 MHz and 2320 MHz modes, respectively. It is noted that
the 760MHz mode can dominate the lower band performance, and the
1600MHz and 2320 MHz modes can be combined for the upper band
operation. Here we employ the full-wave simulator HFSS [15] to model
the antenna configuration and also analyze its surface current. Thus
the antenna design can be illustrated clearly.

Figure 2(a) shows the current distribution when the antenna is

(a)

(b)

(c)

Figure 2. Simulated surface current distributions for the proposed
antenna. (a) 2320 MHz, (b) 1600 MHz, (c) 760MHz.
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excited with the frequency of 2320MHz. It is obvious that strong
currents flow along the path A-H (locations are shown in Figure 1(b)),
whose length is calculated to be 27 mm and near quarter wavelength
of 2320 MHz. This means that the T-shaped strip of the antenna can
act as not only a driven strip but also a radiating monopole structure.
Figure 2(b) simulates the current trend at 1600 MHz. According to
the simulated results, strong and in-phase currents can be generated
around the path B-C-G. Note that the path B-C-G is estimated with
a length of 47 mm, which also corresponds to quarter wavelength
of 1600 MHz. Therefore the path B-C-G is mainly working for the
1600MHz mode. Moreover, the simulated surface currents at 760 MHz
for the antenna are plotted in Figure 2(c), where intense and uniform
current distributions can be observed around the path B-C-D-E-F.
This is because the path B-C-D-E-F, which has a longest length of
95mm, is near quarter wavelength of 760 MHz. Three fundamental
resonant modes can be thus created with the antenna. Note that good
impedance matching across the desired LTE/WWAN bands is also
important for the proposed antenna. To successfully produce the lower
760MHz and 1600 MHz modes, a space between the coupled radiating
structure and the T-shaped strip must be carefully evaluated. Then
the coupled radiating structure is also connected to the ground plane,
where the shorting point B is designed at the left side of the feeding
point A. The effect from capacitive coupling can be appropriately

Table 1. Size comparison for the proposed antenna with previous
planar designs.

Reference Antenna Size
Size Reduction Ratio

(Proposed/Reference)

[1] Chu and Wong
60 (L)× 15 (W )mm2

(900mm2)
83.3%

[2] Lee and Wong
40 (L)× 12 (W )mm2

(480mm2)
156.3%

[3] Chen and Wong
60 (L)× 10 (W )mm2

(600mm2)
125%

[10] Wong and Lin
75 (L)× 12 (W )mm2

(900mm2)
83.3%

[13] Hu et al.
96 (L)× 11.2 (W )mm2

(1075.2mm2)
69.8%

Proposed design
50 (L)× 15 (W )mm2

(750mm2)
NA
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compensated due to above two design considerations.
To completely understand the antenna operation, we also utilize

the full-wave simulator, SEMCAD [16], for analyzing the radiation
performance and electrical properties of the antenna. The design
parameters optimized for the antenna have been eventually determined
with L1 = 6 mm, L2 = 5.5mm, L3 = 3.5mm, L4 = 5 mm, L5 = 1 mm,
L6 = 3 mm, L7 = 3 mm, L8 = 15 mm, L9 = 85 mm, W1 = 50 mm,
W2 = 29 mm, W3 = 41.5mm, W4 = 20.5mm, W5 = 1 mm, W6 =
0.5mm and W7 = 50 mm. Since the proposed antenna is planar, we
also compare its size with those prior planar designs published in [1–
3, 10] and [13]. Comparison results are given in Table 1. It can be
seen that the antenna has a medium size. Thus the proposed coupled-
fed multiband monopole antenna may be flexibly embedded inside a
mobile handset as an internal antenna for LTE/WWAN applications.

3. SIMULATED AND EXPERIMENTAL RESULTS

Figure 3 was a fabricated prototype of the proposed planar coupled-
fed eight-band monopole antenna. The prototype was placed at the
top edge of the ground plane and fed by a 50 ohm coaxial cable.
The antenna’s performance was measured by using the vector network
analyzer (Agilent ENA E5071B). The simulated and measured return
losses were plotted and compared in Figure 4. It can be observed
that the simulated and measured results in the lower band have

Figure 3. Fabricated prototype
of the proposed antenna.

Figure 4. Simulated and mea-
sured return losses of the pro-
posed antenna.
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good agreement. For the upper band, small discrepancy between the
simulations and measurements may be mainly due to the fabrication
inaccuracy of the prototype. Note that from the measured results,

(a) (b)

(c) (d)

(e)

Figure 5. Parametric analysis for the proposed antenna.
(a) Parameter W1, (b) parameter W3, (c) parameter L6, (d) gap, (e)
PCB size.
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however, two distinct resonance modes in the upper band can be still
found. This also agrees with the design conception. According to
6 dB return loss (VSWR 3 : 1), two measured impedance bandwidths
of the antenna have been determined to be about 697–1012 MHz and
1598–2795MHz. Thus the desirable eight operating bands, including
LTE700/2300/2500 and GSM850/900/1800/1900/UMTS, can be well
satisfied with the antenna.

To further understand the antenna’s operation, several design
parameters to tune the antenna performance are also simulated and
investigated. Here we utilize the electromagnetic software package
SEMCAD to perform the required simulations. First the parameter
W1 of the antenna design is analyzed with various lengths, as shown
in Figure 5(a). It is obvious that the bandwidth of the upper band
will be reduced when the W1 is shortened. Although the parameter
W1 is the end of the path B-C-D-E-F for producing the lower band,
it can also adjust the upper band performance. From the simulated
results, the W1 = 50mm is a better choice for our antenna design.
Figure 5(b) illustrates the effect from the parameter W3. It can be
seen that as W3 reduces, both the lower and upper bands will have a
narrower bandwidth. This is because the parameter W3 can dominate
the energy coupling intensity from the T-shaped strip to the coupled
radiating structure. Note that if W3 is designed to be 41.5mm, two
wide operating bands can be obtained with the antenna. Therefore the
coupling between the driven and parasitic elements plays an important
role in determining the bandwidth performance [14, 17].

Figure 5(c) reveals that the antenna performance varies with the
parameter L6. As can be found, while the L6 = 2 mm is utilized for the
antenna, the lower band can achieve a larger bandwidth but the upper
band has a smaller one. On the other hand, by utilizing the parameter
L6 = 1 mm, significant bandwidth reduction and enhancement can
be seen in the lower and upper bands, respectively. Referring to
the simulated results, proper impedance matching for both the lower
and upper bands can be achieved as the antenna operates with the
parameter L6 = 3 mm. Moreover, three various gaps between the T-
shaped strip and coupled radiating structure are studied in Figure 5(d).
It is clear that if the antenna works with the gap = 0.5mm, the
operating bandwidth in the upper band will be reduced obviously.
This can be attributed to stronger capacitive coupling. Also, the upper
band will shift toward higher frequency when the gap is developed to
be about 1.5 mm. Accordingly, better impedance matching can be
received as the gap = 1 mm is adopted for the antenna. Moreover,
the antenna performance variation against the ground plane size is
analyzed in Figure 5(e). It can be observed that when the length of
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(c)

Figure 6. Measured radiation patterns of the proposed antenna.
(a) 780 MHz, (b) 1750MHz, (c) 2320 MHz.

the ground plane decreases, bandwidth reduction will be happened in
both the lower and upper bands. This would result in the proposed
antenna unable to meet multiband operation.

Figure 6 illustrates the measured radiation patterns in three
typical planes at the frequencies of 780 MHz, 1750MHz and 2320MHz
for the antenna. For both 780 MHz and 1750 MHz, fairly good
omnidirectional pattern and nearly bidirectional pattern can be
obtained at the xy-plane and yz-plane, respectively. Referring to the
measured results at 2320 MHz, the antenna’s patterns in the yz-plane
are also close to omnidirectional even though some ripples are included
with them. The measured peak gain and antenna efficiency of the
proposed design are plotted in Figure 7. Here note that the mismatch
loss is included with these measured results. For the lower band, the
gain is from 0.95 to 1.62 dBi and the antenna efficiency is around 48–
59%, as shown in Figure 7(a). Results in the upper band are given in
Figure 7(b), where the gain varies within a range of 2.26–3.67 dBi and
the efficiency changes from 51% to 70%. Stable variations for both
the gain and efficiency over the desirable LTE/WWAN bands can be
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(a) (b)

Figure 7. Measured peak gain and antenna efficiency of
the proposed antenna. (a) LTE700/GSM850/900 bands, (b)
GSM1800/1900/UMTS/LTE2300/2500 bands.

Figure 8. SAR simulation model using head/hand tissues provided
by SEMCAD.

hence obtained with the antenna. This would result in an acceptable
performance for the antenna used in a LTE/WWAN mobile handset
device.

In this work, the SAR (Specific Absorption Rate) results of the
antenna are also studied by using the software SEMCAD, where the
simulation model is shown in Figure 8. In order to obtain a lower SAR
value [18–20], the antenna is positioned at the bottom of the mobile
phone. In the figure, the mobile phone is placed with a slant angle
of 60◦, and the distance between the palm center and system ground
plane is reasonably chosen to be 30mm for testing SAR value. The
input power to evaluate the SAR is about 24 dBm for the GSM850/900



196 Ku, Liu, and Ding

Table 2. Simulated 1-g SAR values of the proposed antenna. The
return loss shown in the table is the impedance matching level at the
testing frequency.

Frequency (MHz) 740 859 925 1795 1920 2045 2350 2595

1-g SAR
(W/kg)

head only 0.62 1.28 1.02 1.12 0.78 0.85 0.95 0.55
head and

hand
0.72 1.33 1.14 1.26 0.91 0.88 1.77 1.62

Return loss
(dB)

head only 9.8 9.4 8.8 12.3 10.3 11.2 15.2 10.7
head and

hand
10.1 8.6 8.2 14.5 9.9 13.8 12.3 11.6

bands (859 and 925MHz) and 21 dBm for the GSM1800/1900 bands
(1795 and 1920 MHz), UMTS band (2045 MHz), and LTE bands (740,
2350, and 2595MHz). The simulated SAR values for 1-g head and
1-g head/hand tissues are given in Table 2. The return loss at the
testing frequency is indicated as well. Referring to the head only
case, the simulated 1-g SAR values across the operating frequencies all
satisfy the limit of 1.6 W/kg [21]. When the hand phantom is added
for the simulation, the SAR values will increase slightly at 740, 859 and
925MHz in the lower band. It is also clear that for the upper band,
small variations in the SAR values can be seen at frequencies of 1795,
1920 and 2045 MHz. As the testing frequency is set to be 2350 and
2595MHz, the obtained SAR values are larger than the 1.6 W/kg limit.
This is because the hand tissue receives larger power radiated from the
antenna. In practical application, the decrease in the SAR values for
1-g head/hand tissue at higher frequencies will be hence required for
the proposed antenna.

4. CONCLUSION

A planar coupled-fed eight-band monopole antenna for LTE/WWAN
operation has been presented and investigated in this paper. It is
simple and has a compact size. By properly designing the T-shaped
strip and coupled radiating structure, the antenna can provide three
resonance modes to achieve good eight-band feature. Several design
parameters to adjust the antenna’s performance are also analyzed and
discussed. Real radiation performance of the antenna is carefully tested
and explained as well. The simulated SAR values for the proposed
antenna with the head/hand tissues have been also analyzed. Owing
to good coverage and stable gain variation, the proposed internal
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antenna will be a promising solution for LTE/WWAN mobile handset
application.
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