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ABSTRACT: A simple two-strip antenna formed by a driven strip and
a shorted parasitic strip to provide two wide bands with a very low pro-

file of 8 mm for the LTE/WWAN operation (698–960/1710–2690 MHz)
in the tablet devices such as a tablet computer is presented. In addition
to the very low profile, the antenna occupies a small clearance region

of 8 3 50 mm2 above the top edge of the device ground plane, and the
thickness of the antenna is 3.8 mm only, which is promising for modern

tablet device applications. The dual-wideband operation of the antenna
is obtained by configuring the driven strip into a step shape, while the
shorted parasitic strip includes a main segment and a double-step-

shaped shorting segment. The proposed antenna configuration can lead
to proper coupling between the driven strip and the parasitic strip, so

that wideband resonant modes thereof can be generated, making the
antenna’s wide higher band cover the desired 1710–2690-MHz band.
For the desired lower band of 698–960 MHz, it is achieved by integrat-

ing the driven strip with a high-pass matching circuit of a series chip
capacitor of 1.8 pF and a parallel chip inductor of 13 nH, which does

not increase the antenna’s occupied volume and requires no realty space
on the device ground plane. The integrated high-pass matching circuit
greatly widens the antenna’s lower band. Details of the proposed

antenna are presented and discussed. VC 2014 Wiley Periodicals, Inc.

Microwave Opt Technol Lett 56:1938–1942, 2014; View this article

online at wileyonlinelibrary.com. DOI 10.1002/mop.28487
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1. INTRODUCTION

It has been a design challenge for the internal antennas in the

tablet communication devices such as the tablet computers to

provide two wide operating bands with a very low profile (for

example, 8 mm in height only) for the LTE/WWAN (long term

evolution/wireless wide area network) operation in the 698–960/

1710–2690-MHz bands. The very-low-profile internal LTE/

WWAN antenna is very attractive for applications in modern

tablet devices, because the spacing or clearance region between

the display panel and the device frame thereof can be made nar-

rower so that a more appealing appearance of the tablet device

for the users can be obtained.

It is noted that although there have been some interesting

low-profile LTE/WWAN tablet device antennas reported

recently [1–10], the antenna height above the top edge of the

device ground plane is still 10 mm or even 15 mm. To our

knowledge for now, there are still no reported internal tablet

computer antennas covering the 698–960/1710–2690-MHz bands

with a low profile of less than 10 mm. This is mainly because

with a decreasing antenna profile, the coupling between the

antenna and the device ground plane quickly increases, which

makes the antenna’s impedance matching difficult to achieve

over a wide bandwidth.

In this article, we present a promising internal LTE/WWAN

tablet device antenna with a very low profile of 8 mm and a

small occupied clearance region of 8 3 50 mm2 to cover the

698–960/1710–2690-MHz bands. The antenna has a simple two-

strip structure of a driven strip and a shorted parasitic strip, with

both configured to achieve proper coupling therebetween such

that wideband resonant modes thereof can be generated and

formed into a wide higher band for the antenna. For achieving a

wide lower band for the antenna, a high-pass matching circuit

[11–13] of a series chip capacitor of 1.8 pF and a parallel chip

inductor of 13 nH integrated with the driven strip has been

found to be effective in the proposed antenna to greatly widen

the low-band bandwidth to cover the desired 698–960-MHz

band. Furthermore, the integrated high-pass matching circuit

does not increase the antenna’s occupied volume and requires

no realty space on the device ground plane or the system circuit

board. This low-band bandwidth enhancement technique com-

pared to the similar techniques such as using a parallel-resonant

element [1,14–20] to achieve dual resonance in the antenna’s

lower band requires less occupied space and is easy to imple-

ment. Details of the proposed antenna and its operating principle

are presented and discussed.

2. PROPOSED ANTENNA AND ITS OPERATING PRINCIPLE

Figure 1 shows the geometry of the very-low-profile dual-wide-

band LTE/WWAN tablet device antenna. The antenna has a

height of 8 mm and is mounted above the top edge of the

device ground plane of dimensions 150 3 200 mm2, which is

about the ground plane size of a 9.7-inch tablet computer. In the

experiment, a copper plate of thickness 0.2 mm is used to simu-

late the device ground plane (see the fabricated antenna in Fig.

8). The antenna is disposed on a 0.8-mm thick FR4 substrate

(relative permittivity 4.4. and loss tangent 0.024) of size 8 3 50

mm2 and mounted above the top edge of the device ground

plane with a total thickness of 3.8 mm.

The antenna is formed by a driven strip and a shorted para-

sitic strip. The driven strip is configured as a step-shaped strip

of length 27 mm (section AB in the figure) and integrated with

a high-pass matching circuit of a series chip capacitor of 1.8 pF

(C) and a parallel chip inductor of 13 nH (L). Note that the chip

Figure 1 Geometry of the very-low-profile dual-wideband LTE/

WWAN tablet device antenna. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com]
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capacitor and inductor are disposed on the FR4 substrate on

which the antenna is disposed and does not occupy the realty

space on the device ground plane. The driven strip provides a

resonant length close to 0.25 wavelength at about 2.5 GHz and

can generate a resonant mode in the desired higher band.

The shorted parasitic strip includes a main segment and a

double-step-shaped shorting segment. The main segment is bent

to occupy a volume of 3 3 3.5 3 50 mm3 to achieve a compact

size of the antenna. The main segment is shorted to the antenna

ground through the double-step-shaped shorting segment, and

the antenna ground is grounded to the device ground plane in

the experimental testing. Both the main segment and shorting

segment form the shorted parasitic strip, whose length is 85.5

mm and is close to 0.25 wavelength at about 800 MHz. The

fundamental resonant mode of the shorted parasitic strip can,

hence, occur in the desired lower band. In addition, a higher-

order resonant mode of the shorted parasitic strip can occur in

the antenna’s higher band. Owing to the proper coupling

between the driven strip and the shorted parasitic strip in the

proposed design, the two resonant modes occurred in the anten-

na’s higher band can be combined to form a wide operating

band to cover the desired 1710–2690-MHz band. Also, with the

aid of the integrated high-pass matching circuit, an additional

resonant mode in the antenna’s lower band can be excited to

combine with the resonant mode of the shorted parasitic strip to

achieve a wide operating band to cover the desired 698–960-

MHz band.

Effects of the integrated high-pass matching circuit can be

seen clearly in Figure 2, in which the simulated return loss for

the proposed antenna and the case without the integrated high-

pass matching circuit (Ant1) is shown. The simulated results are

obtained using the full-wave electromagnetic field simulator

HFSS version 14 [21]. Significant bandwidth enhancement in

the antenna’s lower band can be seen, which is owing to the

presence of the high-pass matching circuit. From the corre-

sponding simulated input impedance for the proposed antenna

and Ant1 shown in Figure 3, it is seen that a parallel resonance

at about 1.3 GHz occurs owing to the high-pass matching cir-

cuit. The center frequency of the parallel resonance can be

tuned by varying the values of the chip inductor and capacitor

[11–13]. Also, owing to the parallel resonance, an additional

resonance at about 900 MHz is generated, and the impedance

variation of the resonant mode contributed by the shorted para-

sitic strip also becomes smoother. This behavior leads to signifi-

cant bandwidth enhancement of the antenna’s lower band to

cover the 698–960-MHz band. For the antenna’s higher band, it

is seen that two resonant modes contributed by the driven strip

and the shorted parasitic strip are combined into a very wide

operating band, which covers the 1710–2690-MHz band. Also

note that although the return loss for some frequencies in the

antenna’s lower and higher bands are slightly less than 6 dB,

the obtained antenna efficiencies with return loss included (see

Fig. 10 in Section 3.) are still acceptable for practical mobile

communication applications [1,22].

Figure 3 Simulated input impedance for the proposed antenna and

Ant1 shown in Figure 2. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com]

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

with a simple step-shaped shorting segment in the shorted parasitic strip

(Ant2). [Color figure can be viewed in the online issue, which is avail-

able at wileyonlinelibrary.com]

Figure 2 Simulated return loss for the proposed antenna and the case

without the integrated high-pass matching circuit (Ant1). [Color figure

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

brary.com]
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Effects of the configuration of the shorting segment in the

shorted parasitic strip are analyzed with the aid of Figure 4.

When a simple step-shaped shorting segment is used (see Ant2

in the figure), relatively large effects on the two resonant modes

in the higher band are observed, and better impedance matching

for frequencies thereof cannot be obtained. Note that for Ant2

and proposed antenna, the total length of the shorted parasitic

strip is about the same. However, by configuring the shorting

segment into a double-step shape, the first coupling between the

shorting segment and the main segment and the second coupling

between the shorting segment and the driven strip can be prop-

erly adjusted. This can make the two resonant modes in the

antenna’s higher band easy to be tuned to form a very wide

operating band (see the results of the proposed antenna in

Fig. 4).

The dimension and configuration of the driven strip are also

important in achieving dual-wideband operation of the proposed

antenna. Effects of the simulated return loss for the proposed

antenna with the driven strip of different lengths can be seen in

Figure 5. When the length t decreases (that is, the total length

of the driven strip decreases), the second mode in the higher

band is quickly shifted to higher frequencies. In addition, the

coupling between the driven strip and the shorting segment will

also vary, which greatly affects the two resonant modes (one at

about 800 MHz and another at about 2 GHz) contributed by the

shorted parasitic strip. Hence, the gap width between the driven

strip and the shorting segment is also important, because it can

greatly affect the coupling therebetween. Figure 6 shows the

simulated return loss as a function of the gap width g between

the driven strip and the shorting segment. The obtained results

show that the excited resonant modes of the proposed antenna

are strongly affected by the gap width g. Hence, by configuring

the driven strip into a step shape and the shorting segment into

a double-step shape in the proposed antenna, proper coupling

between the driven strip and the shorted parasitic strip can be

adjusted such that good impedance matching of the excited reso-

nant modes can be obtained over wide operating bands.

Effects of the device ground plane size on the performances

of the proposed antenna are also studied. Figure 7 shows the

simulated return loss for the proposed antenna with different

device ground plane sizes. It is interesting to note that slight

variations are observed for different device ground plane sizes.

This indicates that although the proposed antenna has a very

low profile of 8 mm to the device ground plane, the variations

in the ground plane sizes will cause negligible effects on the

proposed antenna, which makes the proposed antenna easy to

apply in practical applications.

3. EXPERIMENTAL RESULTS AND DISCUSSION

The antenna was fabricated and tested. The photos of the fabri-

cated antenna are shown in Figure 8. In the experiment, the

antenna was mounted above the top edge of the device ground

plane as shown in the photo, and the antenna ground is

grounded to the device ground plane. A 50-X coaxial line with

its central conductor and outer grounding sheath connected,

respectively, to point A at the driven strip and point G at the

antenna ground was used to feed the antenna. The measured and

simulated return losses of the fabricated antenna are shown in

Figure 5 Simulated return loss for the proposed antenna with the

driven strip of different lengths. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com]

Figure 6 Simulated return loss as a function of the gap width between

the driven strip and the shorting segment in the shorted parasitic strip.

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

wileyonlinelibrary.com]

Figure 7 Simulated return loss for the proposed antenna with different

device ground plane sizes. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com]

1940 MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 56, No. 8, August 2014 DOI 10.1002/mop

http://wileyonlinelibrary.com
http://wileyonlinelibrary.com
http://wileyonlinelibrary.com


Figure 9. Good agreement between the measurement and simu-

lation is obtained. The antenna provides two wide operating

bands to cover the desired 698–960 and 1710–2690-MHz bands.

Figure 10 shows the measured and simulated antenna effi-

ciencies of the fabricated antenna, and both include the mis-

matching losses. Over the lower band, the measured antenna

efficiencies are about 42–61%, which is acceptable for practical

applications in the mobile devices [1,22]. The relatively large

discrepancies between the measured data and simulated results

in the high-frequency portion of the lower band, which is close

to the excited parallel resonance controlled by the high-pass

matching circuit, may be owing to the ohmic losses of the

embedded lumped elements. Over the higher band, the measured

antenna efficiencies in general agree with the simulated results

and are about 64–92%, which is good for practical applications

[1,22].

Figure 11 shows the measured and simulated radiation pat-

terns of the fabricated antenna at 850, 1900, and 2500 MHz.

Results in three principal planes are plotted, and the radiation

intensities in all planes are normalized with respect to the same

maximal intensity. The measured data also agree with the simu-

lated results. At 850 MHz (representative frequency in the lower

band), near-omnidirectional radiation in the x–y plane is seen.

While at 1900 and 2500 MHz (representative frequencies in the

higher band), large variations in the radiation patterns are seen.

Especially at 2500 MHz, stronger radiation in the upper hemi-

sphere of the y–z and x–z planes is seen, which is different from

that observed at 850 or 1900 MHz. This behavior suggests that

Figure 8 Photos of the fabricated antenna. [Color figure can be

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

Figure 9 Measured and simulated return losses 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 efficiencies of the fabri-

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

available at wileyonlinelibrary.com]

Figure 11 Measured and simulated radiation patterns of the fabricated

antenna at 850, 1900, and 2500 MHz. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com]
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the device ground plane functions more like a radiator in the

lower band and more like a reflector in the higher band, espe-

cially in the high-frequency portion of the higher band.

4. CONCLUSION

A very-low-profile dual-wideband tablet device antenna for the

LTE/WWAN operation in the 698–960 and 1710–2690-MHz

bands has been proposed and studied. The antenna includes a

driven strip and a shorted parasitic strip, and both are configured

such that proper coupling therebetween can be obtained which

leads to wideband resonant modes thereof excited. Also, it has

been shown that with the aid of a high-pass matching circuit

integrated therein, significant bandwidth enhancement in the

antenna’s lower band can be obtained. Hence, with the proposed

design, the antenna can provide two wide operating bands to

cover the whole band of the LTE/WWAN operation with a very

low profile of 8 mm and a small occupied volume of 3.8 3 8

3 50 mm3. The proposed antenna is promising for practical

applications in modern tablet computers that are with narrow

spacing between the display panel and device frame thereof.
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ABSTRACT: The design of a planar reconfigurable antenna with bidir-

ectional end-fire and broadside radiation patterns from a common aper-
ture is presented in this article. The proposed antenna is composed of
two series-feed collinear slot subarrays corporately fed by a microstrip

line and two series-feed dipole subarrays corporately fed by a microstrip
line-to-double side parallel strip line transition, respectively. A prototype

for 2.4 GHz wireless local area networks applications is fabricated and
measured. The measured realized gains are about 11—12 and 7–8 dBi
for broadside and end-fire patterns. Experimental results, which agree

with the simulated ones, verify that the proposed antenna is a good can-
didate for pattern reconfigurable applications. VC 2014 Wiley Periodicals,

Inc. Microwave Opt Technol Lett 56:1942–1946, 2014; View this article

online at wileyonlinelibrary.com. DOI 10.1002/mop.28486

Key words: pattern reconfigurable; bidirectional; end-fire; broadside;

collinear slot array

1. INTRODUCTION

With the rapid development of wireless communication, pattern

reconfigurable antennas have drawn lots of attention because

they enable to provide dynamic radiation coverage, mitigate

multipath fading, and improve beam steering capability of

phased array systems. In the past decades, there exists an exten-

sive literature on the design of pattern reconfigurable antennas

[1–9]. Different methods are used to reconfigure the radiation

pattern: one way is selection of different radiating structure

including shorting sections [1], parasitic elements [2,3], and

antenna shape [4], or adjustment of radiating elements [5,6],

another is switching between different feed networks [7–9].

In this article, a two-port pattern diversity antenna providing

bidirectional end-fire and broadside radiation patterns from a
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