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ABSTRACT: A small-size tablet device antenna with three wide operat-
ing bands of 698–960 MHz (low band), 1710–2690 MHz (middle band),

and 3400–3800 MHz (high band) for the long term evolution operation
is presented. The antenna occupies a small ground clearance of 10 3

30 mm2 and has a thin thickness of 3 mm in the tablet device such as a

tablet computer in this study. The antenna comprises three radiating
branches (Branch 1, Branch 2, and Branch 3) and a wideband feed

structure formed by the integrated matching network. Branch 1 and 2
are connected through a series chip inductor to control the antenna’s
first two resonant modes to occur in the desired low band and middle

band, and Branch 3 generates a resonant mode in the desired high
band. The integrated matching network comprises a shunt chip capaci-
tor, a shunt chip inductor, and a series chip capacitor to cause dual-

resonance of the antenna’s three resonant modes contributed by the
three branches, thereby greatly enhancing the low-band, middle-band,

and high-band bandwidths to cover the desired operating bands of 698–
960, 1710–2690, and 3400–3800 MHz. Details of the proposed antenna
are described. Operating principle of the wideband feed structure

formed by the integrated matching circuit is also discussed. VC 2014

Wiley Periodicals, Inc. Microwave Opt Technol Lett 56:2507–2512,

2014; View this article online at wileyonlinelibrary.com. DOI 10.1002/

mop.28624
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1. INTRODUCTION

For fourth-generation communications, the tablet mobile devices

are mainly required to support the long term evolution (LTE)

operation, which includes the operating bands of 698–960/1710–

2170/2300–2400/2500–2690/3400–3800 MHz [1, 2]. Although

there have been many LTE antennas reported recently for the

smartphones [3–13], notebook computers [14–18] or tablet com-

puters [19–26], they mainly covers two wide operating bands of

698–960 and 1710–2690 MHz only. There are very few reported

antennas that can support three wide operating bands of 698–

960, 1710–2690, and 3400–3800 MHz to cover the allocated

LTE bands [1, 2]. In the recently reported triple-wideband tablet

device antenna in [2], the antenna occupies a ground clearance

of 10 3 45 mm2 to support the desired three wide bands for the

LTE operation. The antenna is easy to fabricate on an FR4 sub-

strate [2]. However, in modern tablet devices, the ground clear-

ance therein is becoming very limited for accommodating the

embedded antenna. This makes it demanded that the occupied

ground clearance of the embedded antenna therein should be as

small as possible. To meet this requirement, new LTE antenna

design with smaller occupied ground clearance is still an open

issue and is attractive for practical applications.

In this article, we present an LTE antenna using a novel

wideband feed structure to result in dual-resonance excitation of

the antenna’s three resonant modes generated by three radiating

branches thereof. The three branches are configured into a com-

pact structure such that the proposed antenna requires a small

ground clearance of 10 3 30 mm2 in the tablet device such as a

tablet computer in this study. The occupied ground clearance is

smaller than those of the dual-wideband or triple-wideband LTE

antennas that have been reported recently [2–26]. In addition,

the antenna has a thin thickness of 3 mm, which is promising

for the modern slim tablet device application.

In the proposed design, the wideband feed structure is

formed by the integrated matching network consisting of a shunt

chip capacitor, a shunt chip inductor, and a series chip capacitor.

With the aid of the shunt capacitor in the wideband feed struc-

ture, enhanced bandwidths of the antenna’s middle band and

high band can be obtained. Conversely, the shunt inductor and

series capacitor effectively increase the antenna’s low-band

bandwidth. Hence, with the proposed wideband feed structure,

the antenna can provide a triple-wideband operation to cover the

LTE operation in the 698–960, 1710–2690, and 3400–3800

MHz bands. Details of the proposed antenna are described.

Operating principle of the wideband feed structure in achieving

the triple-wideband operation is discussed in this study, and

simulated and experimental results of the proposed antenna are

presented.

2. PROPOSED ANTENNA AND ITS OPERATING PRINCIPLE

Figure 1(a) shows the triple-wideband LTE antenna with a

wideband feed structure for the tablet computer application.

The antenna comprises a printed metal pattern and a bent

metal plate. The printed metal pattern is fabricated on a 0.8-

mm thick FR4 substrate of size 10 3 30 mm2, relative permit-

tivity 4.4, and loss tangent 0.024. Detailed dimensions of the

printed metal pattern are presented in Figure 1(b). The wide-

band feed structure is also disposed on the FR4 substrate, and

its equivalent circuit model is shown in Figure 2. The bent

metal plate is cut from a 0.2-mm thick copper plate and con-

nected to the printed metal pattern on the FR4 substrate. Note

that the occupied ground clearance of the antenna is 10 3

30 mm2 only, and the antenna’s total volume is 10 3 30 3

3 mm3 only. The antenna is mounted along the top edge of

the device ground plane of a tablet computer. The ground

plane is selected to have a size of 200 3 150 mm2, which is

about the size of a practical 9.7-inch tablet computer. The

photos of the fabricated antenna in its front and back views

are also presented in Figure 3(a) to provide a clear picture of

the proposed antenna. In Figure 3(b), the antenna is mounted

at the top edge of the device ground plane for experimental

testing in this study.
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The antenna comprises three radiating branches, which are

Branch 1, Branch 2, and Branch3. The three branches contribute

to three resonant modes in the desired low, middle and high

bands. Branch 1 (Section AB) has a length of about 47 mm,

which is close to 0.25 wavelength at about 1.7 GHz and can

hence generate a resonant mode in the desired middle band.

Branch 2 is the bent metal plate, which is connected to point D

and E to be fixed to the FR4 substrate. At point D, Branch 2 is

also connected to Branch 1 through a chip inductor L1 of 8.2

nH. Owing to the inductor L1, Branch 2 has small effects on the

generated resonant mode in the middle band controlled by

Branch 1. Furthermore, the inductor L1 contributes additional

inductance at lower frequencies such that the effective resonant

length provided by both Branch 1 and Branch 2 increases [27].

This leads to a resonant mode generated in the desired low

band. A third resonant mode is controlled by Branch 3 (Section

AF, length 12 mm) and occurs at frequencies in the desired

high band. By adjusting the lengths of Branch 1, 2, and 3, the

three resonant modes can be controlled. However, it is noted

that the three resonant modes are with narrow bandwidths and

are far from covering the desired three wide operating bands for

the LTE operation.

The wideband feed structure is formed by the integrated

matching network, which comprises a shunt chip capacitor C1

(0.6 pF), a shunt chip inductor L2 (9.1 nH), and a series chip

capacitor C2 (2.2 pF). The shunt capacitor C1 can lead to dual-

resonance for the antenna’s second and third resonant modes,

such that the antenna’s middle- and high-band bandwidths are

greatly increased to cover the desired 1710–2690 and 3400–

3800 MHz bands. In addition, the shunt capacitor C1 has small

effects on the antenna’s low-band performance. That is, the

shunt capacitor C1 functions like a low-pass matching circuit.

Conversely, the shunt inductor L2 and series capacitor C2 form

like a high-pass matching circuit to cause dual-resonance for the

antenna’s low band, with relatively small effects on the anten-

na’s middle- and high-band performance. In this case, the anten-

na’s low-band bandwidth can also be greatly increased to cover

the desired 698–960 MHz band.

To analyze the operating principle of the antenna more

clearly, Figure 4 shows the simulated return loss for the pro-

posed antenna, the case with branch 1 only (Ant1), the case

with Branch 1 and 2 only (Ant2) and the case with Branch 1, 2,

and 3 only (Ant3). Corresponding dimensions of all the antennas

shown in the figure are the same. Ant1, Ant2, and Ant3 in the

figure are without the integrated matching network. That is,

Figure 1 (a) Geometry of the triple-wideband LTE antenna with a

wideband feed structure for the tablet computer application. (b) Dimen-

sions of antenna’s printed metal pattern. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com]

Figure 2 Equivalent circuit model of the wideband feed structure.

[Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com]

Figure 3 Photos of (a) the fabricated antenna and (b) the same

mounted at the top edge of the device ground plane for experimental

testing. [Color figure can be viewed in the online issue, which is avail-

able at wileyonlinelibrary.com]
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Ant1, Ant2, and Ant3 are with a simple feed structure. The

simulated results are obtained using the full-wave electromag-

netic field simulator HFSS version 15 [28]. The three desired

bands (low, middle, and high bands) are indicated by shaded

frequency regions in the figure. For Ant1, it is seen that a reso-

nant mode owing to Branch 1 occurs in the middle band. The

bandwidth of the resonant mode is seen to be far from covering

the desired 1710–2690 MHz band. For Ant2, an additional reso-

nant mode owing to Branch 1 and 2 are excited at about

0.9 GHz, with the resonant mode owing to Branch 1 alone very

slightly affected. This behavior is owing to the inductor L1

embedded between Branch 1 and 2 [27]. The frequency ratio of

the two resonant mode occurred in the low and middle bands

can also be adjusted by the inductor L1, which will be discussed

with the aid of Figure 6 later.

For Ant3, it is seen that a resonant mode at about 4 GHz is

excited, which is owing to Branch 3. By comparing Ant3 to the

proposed antenna, it is seen that dual-resonance for all the three

resonant modes is obtained, making the antenna have three wide

operating bands for the LTE operation. Note that the dual-

resonance in the low band is owing to the inductor L2 and

capacitor C2, while the dual-resonance in the middle and high

bands is owing to the capacitor C1. In addition, it should be

noted that the resonant mode occurred at about 4.2 GHz for

Ant1 and Ant2 is the higher-order mode of Branch 1. This reso-

nant mode, however, is suppressed when the capacitor C1 is

present, which is required to provide dual-resonance for the

antenna’s middle band. This behavior can be seen clearly in Fig-

ure 5, where the simulated return loss for the proposed antenna

and the case of Ant2 with the shunt capacitor C1 is presented.

Hence, to generate a resonant mode for the antenna’s high band,

Branch 3 is added. It is also noted that the capacitor C1 is prop-

erly selected such that it can cause dual-resonance for the reso-

nant mode contributed by Branch 3 as well. Hence, with the

Figure 5 Simulated return loss for the proposed antenna and the case

of Ant2 with the shunt capacitor C1. Corresponding dimensions are the

same as given in Figure 1. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com]

Figure 6 Simulated return loss for Ant2 as a function of the inductor

L1. Other parameters are the same as given in Figure 1. [Color figure

can be viewed in the online issue, which is available at wileyonlineli-

brary.com]

Figure 7 Simulated return loss for Ant3, Ant3 with C1 only, and

Ant3 with C1, L2, and C2 (proposed design). [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com]

Figure 4 Simulated return loss for the proposed antenna, the case

with branch 1 only (Ant1), the case with Branch 1 and 2 only (Ant2),

and the case with branch 1, 2, and 3 only (Ant3). Corresponding dimen-

sions are the same as given in Fig. 1. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com]
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presence of the wideband feed structure, the proposed antenna

can provide a triple-wideband operation covering the desired

698–960, 1710–2690, and 3400–3800 MHz bands (see results of

the proposed antenna vs. Ant3 in Fig. 4). Also note that

although the impedance matching for some frequencies in the

low band is slightly less than 6 dB (3:1 VSWR), the antenna

efficiency including the mismatching loss is better than about

60%, which is good for practical mobile communication appli-

cations [2, 29, 30].

To show the antenna’s first two resonant modes owing to

Branch 1 and 2 as a function of the inductor L1, the simulated

return loss for L1 varied from 0 to 12.2 nH is presented in

Figure 6. For L1 5 0, it indicates that Branch 2 is directly con-

nected to Branch 1. Results show that by selecting a proper

inductance of L1 (see the results for 8.2 nH in the figure), the

first two resonant modes can be controlled to occur in the anten-

na’s low band and middle band, respectively. In the proposed

design, L1 is hence selected to be 8.2 nH.

Detailed effects of the integrated matching network in the

wideband feed structure are analyzed with the aid of Figures 7

and 8. In Figure 7, the simulated return loss for Ant3, Ant3 with

C1 only, and Ant3 with C1, L2, and C2 (proposed design) is pre-

sented. When the capacitor C1 is added to Ant3, dual-resonance

in the antenna’s middle and high bands is seen. When the induc-

tor L2 and capacitor C2 is further added, dual-resonance in the

antenna’s low band is seen. The impedance matching for frequen-

cies in the lower region of the middle band is also improved.

Very small effects on the antenna’s high-band performance are

seen. From the results, it can be concluded that the inductor L2

and capacitor C2 function like a high-pass matching circuit, while

the capacitor C1 functions like a low-pass matching circuit.

The simulated input impedance on the Smith chart for Ant3

(Curve 1), Ant3 with C1 only (Curve 2), and Ant3 with C1, L2,

and C2 (Curve 3, proposed design) is also presented in Figure 8.

Results for the frequency range from 600 to 1000 MHz are

shown in Figure 8(a). Those for the frequency ranges from 1600

to 2800 MHz and from 3300 to 4500 MHz are shown in Figures

8(b) and 8(c), respectively. In Figure 8(a), small effects on the

impedance matching are seen when the capacitor C1 is added

(see Curve 1 vs. Curve 2). Conversely, a loop curve indicating

dual-resonance occurred is seen when the inductor L2 and capac-

itor C2 is further added (see Curve 2 vs. Curve 3).

In Figure 8(b) for the middle band, when the capacitor C1 is

added, the impedance curve is shifted into a loop curve showing

that dual-resonance occurs (see Curve 1 vs. Curve 2). When the

inductor L2 and capacitor C2 is further added, the loop curve is

still present, with impedance matching further improved (see

Curve 2 vs. Curve 3). In Figure 8(c) for the high band, very

small variations between Curve 2 and 3 are seen. This confirms

that the inductor L2 and capacitor C2 function like a high-pass

matching circuit. Conversely, the capacitor C1 causes dual-

resonance (see Curve 1 vs. Curve 2) for the impedance curve in

Figure 8 Simulated input impedance on the Smith chart for Ant3

(Curve 1), Ant3 with C1 only (Curve 2), and Ant3 with C1, L2, C2

(Curve 3, proposed design). (a) Frequency range from 600 to 1000

MHz. (b) Frequency range from 1600 to 2800 MHz. (c) Frequency

range from 3300 to 4500 MHz. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com]

Figure 9 Measured and simulated return loss of the fabricated

antenna. [Color figure can be viewed in the online issue, which is avail-

able at wileyonlinelibrary.com]

Figure 10 Measured and simulated antenna efficiency of the fabri-

cated antenna. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com]
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the antenna’s high band. The results confirm that the wideband

feed structure with the elements C1, L2, and C2 can lead to a

triple-wideband operation for the antenna.

3. EXPERIMENTAL RESULTS

Figure 9 shows the measured and simulated return loss of the

fabricated antenna (see the photos in Fig. 3). A 50-X coaxial

line is connected to point A and G (see Fig. 1) for the exper-

imental testing. Agreement between the simulated results and

measured data is seen. The antenna shows a triple-wideband

operation covering the 698–960, 1710–2690, and 3400–3800

MHz for the LTE operation. Results of the measured and

simulated antenna efficiency are presented in Figure 10. The

antenna’s radiation performance is measured in a far-field

anechoic chamber. The antenna efficiency includes the mis-

matching loss. The measured antenna efficiency reaches

about 60–66%, 62–92%, and 75–82% for frequencies in the

low, middle, and high bands, respectively. The results are

acceptable for mobile communication applications [2, 29,

30]. Note that the measured antenna efficiency generally

agree with the simulated results. For frequencies in the high

band, the measured antenna efficiency is larger than the

simulated results, which may be owing to the measured

return loss being better than the simulated return loss. There-

fore, it is reasonable that better antenna efficiency in the

measurement is obtained.

Figure 11 shows the measured radiation patterns of the fabri-

cated antenna at 800, 2500, and 3600 MHz. At each frequency,

results in three principal planes are presented. The radiation

Figure 11 Measured radiation patterns of the fabricated antenna at 800, 2500, and 3600 MHz. [Color figure can be viewed in the online issue, which

is available at wileyonlinelibrary.com]
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intensities in the three planes are normalized with respect to the

same maximum intensity. The measured radiation patterns are

seen to be in agreement with the simulated results. In the azi-

muthal plane (x-y plane), near-omnidirectional radiation is seen

at 800 MHz, while comparable Eh and E/ radiation is seen at

2500 and 3600 MHz. In the elevation planes (x-z and y-z
planes), stronger radiation is seen in the lower half-plane in the

2z direction at 800 MHz, while stronger radiation is seen in the

upper half-plane in the 1z direction at 2500 and 3600 MHz.

This suggests that the device ground plane also contributes

to the radiation in the antenna’s low band. However, in the

antenna’s middle and high bands, the device ground plane func-

tions more like as a reflector. The radiation characteristics are

similar to those observed for the triple-wideband LTE antenna

reported in [2].

4. CONCLUSION

A triple-wideband LTE antenna with a small occupied ground

clearance of 10 3 30 mm2 and a thin thickness of 3 mm in the

tablet computer has been proposed. The triple-wideband opera-

tion in the desired low band (698–960 MHz), middle band

(1710–2690 MHz), and high band (3400–3800 MHz) is

achieved by embedding a wideband feed structure to the

antenna. Operating principle of the wideband feed structure has

been discussed. Good radiation characteristics for frequencies in

the three wide operating bands have also been observed. The

proposed antenna is promising for practical applications in mod-

ern slim tablet computers.
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