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ABSTRACT: The open-slot antenna is very suitable for applications in
the metal-framed tablet device, such as the tablet computer, to achieve a
low profile with wideband or multiband operation. This article presents

a U-shape open-slot (U-slot) antenna with a low profile of 7 mm to the

top edge of the metal-framed tablet computer for the LTE operation. The

U-slot has a simple structure of length 70 mm and the two slot openings
thereof are disposed at the metal frame. The U-slot antenna is fed using
an end-shorted 50-X microstrip feedline, with a wideband matching net-

work embedded therein. The antenna can support a 0.5-wavelength slot
resonant mode supported by the U-slot itself and a 0.25-wavelength slot
resonant mode created by the open-slot radiator (denoted as Slot 1 in

this study) formed between one slot opening and the microstrip feedline
as a virtual shorting. By further using an inverted-U strip connecting

across the U-slot, the antenna can create an additional open-slot radia-
tor (denoted as Slot 2 in this study) to generate a 0.25-wavelength slot
resonant mode at lower frequencies. The resonant modes supported by

the U-slot, Slot 1, and Slot 2 can form two wideband operating bands to
cover the LTE operation in the 698–960 and 1710–2690 MHz bands.

Details of the proposed U-slot antenna and the effects of the inverted-U
strip connecting across the U-slot and the matching network are
addressed. Experimental results of the fabricated U-slot antenna are

also presented. VC 2015 Wiley Periodicals, Inc. Microwave Opt Technol

Lett 55:2677–2683, 2015; View this article online at

wileyonlinelibrary.com. DOI 10.1002/mop.29421

Key words: mobile antennas; open-slot antennas; slot antennas; tablet
computer antennas; LTE antennas; dual-wideband antennas

1. INTRODUCTION

The tablet communication device such as the tablet computer is

becoming very slim in its appearance to meet the demands of

the mobile users. For such slim tablet computers, a metal frame

is usually added around the edges thereof to increase the robust-

ness of the device. The metal frame, however, will cause signifi-

cant effects on the conventional antennas such as the inverted-F

antennas or monopole antennas embedded near the edges of the

device so as to fit in the narrow spacing between the display

panel and edges thereof [1]. Conversely, for such metal-framed

communication devices, the slot antenna can take advantages of

the metal frame as part of the antenna, thereby making it prom-

ising to have a low antenna profile yet capable of wideband or

multiband operation for the mobile communications [2].

In the recent study in [2], a linear open-slot antenna with

two slot openings can have a low profile of 10 mm to the top

edge of the metal-framed mobile handset and generate two wide

operating bands to cover the LTE (long term evolution) opera-

tion in the 698–960 and 1710–2690 MHz bands [3]. In this arti-

cle, we present a U-shape open-slot (U-slot) antenna with a low

profile of 7 mm to the top edge of the metal-framed tablet com-

puter for the LTE operation. The low profile makes it easy for

the antenna to fit in the narrow spacing between the display

panel and the top edge of the metal-framed tablet computer.

In addition, different from the linear open-slot antenna stud-

ied in [2] in which two open-slot radiators are created, the pro-

posed U-slot antenna can support three open-slot radiators for

the LTE operation. The three open-slot radiators include the U-

slot itself, a short open slot (Slot 1) between a first slot opening

and the microstrip feedline as a virtual shorting, and a long

open slot (Slot 2) between a second slot opening and an

inverted-U strip added to connect across the U-slot. With the

aid of a wideband matching circuit, the three open-slot radiators

(U-slot, Slot 1, and Slot 2) generate their fundamental slot reso-

nant modes to form two wide operating bands to cover the

desired 698–960 and 1710–2690 MHz bands for the LTE opera-

tion [2–9].

In this study, the antenna structure and operating principle of

the proposed U-slot antenna are addressed. Effects of the

inverted-U strip added in the U-slot to create an additional

open-slot radiator (Slot 2) and the wideband matching circuit
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embedded in the microstrip feedline are discussed. A parametric

study is also conducted to analyze the effects of the position

variations of the microstrip feedline and the inverted-U strip on

the antenna performance. The U-slot antenna is also fabricated,

and the experimental results are presented and discussed.

2. PROPOSED U-SLOT ANTENNA

2.1. Antenna Structure
Figure 1(a) shows the geometry of the dual-wideband U-shape

open-slot (U-slot) antenna for the LTE tablet computer. An

enlarged view of the feeding network and the inverted-U strip

(denoted as U-strip in the study) connecting across the U-slot are

shown in Figure 1(b). The U-slot antenna is disposed in the narrow

spacing of 7 mm between the display panel and top edge of the

metal-framed tablet computer. Note that in the study, the device

ground plane is selected to have a size of 157 3 200 mm2, which

is a typical size for the popular tablet computer with a 9.7-inch

display panel. In the experiment, the device ground plane is cut

from a 0.2-mm thick copper plate. The display panel is not

included in the simulation and experimental studies.

The U-slot antenna has two slot openings of width 2 mm in the

metal frame at the top edge of the device ground plane. The U-slot

antenna is fabricated on a 0.8-mm thick FR4 substrate of relative

permittivity 4.4 and loss tangent 0.02. The ground plane of the

U-slot antenna is connected to the device ground plane, which is

Figure 1 (a) Geometry of the dual-wideband U-shape open-slot (U-slot) antenna for the LTE tablet computer. (b) Enlarged view of the feeding net-

work (C1, C2, L1) and the inverted-U strip (U-strip) connecting across the U-slot. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com]

2678 MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 57, No. 11, November 2015 DOI 10.1002/mop

http://wileyonlinelibrary.com


also connected to the 6-mm wide metal frame as shown in the fig-

ure. To show the antenna structure more clearly, the photos of the

fabricated antenna are presented in Figure 2. Note that for practical

cases, the metal frame is usually disposed at all the four edges of

the metal-framed tablet computer. In the antenna structure shown in

Figure 1(a), only the metal frame at the top edge is added so as to

simplify the study. The obtained results, however, are expected to

be in general the same as the case with the metal frame added at all

the four edges. Also note that one slot opening of the U-slot is dis-

posed at about the center of the top edge, where the magnetic field

distribution is generally maximum for the dipole-like chassis

(device ground plane) mode, which can lead to good excitation of

the desired slot resonant modes [10,11]. The U-slot has a slot width of 2 mm and a slot length of

84 mm (section DCEF), while the length of the U-slot along the

top edge is 70 mm. Through the excitation of the end-shorted

50-X microstrip feedline [2,12], the U-slot itself can generate a

0.5-wavelength slot resonant mode in the antenna’s desired

Figure 2 Photos of the fabricated antenna. [Color figure can be

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

Figure 3 Simulated return loss for the proposed U-slot antenna, the

case without the U-strip across the U-slot and the high-pass matching

circuit of L1 and C2 (denoted as Ant1), Ant1 with a simple linear strip

connecting across the U-slot (Ant2), and Ant2 with the U-strip connect-

ing across the U-slot (Ant3). [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com]

Figure 4 Simulated input impedance on the Smith chart for the pro-

posed antenna without C1, L1, and C2 (Curve 1), the proposed antenna

without L1 and C2 (Curve 2), and the proposed antenna (Curve 3) in the

frequency range of 650–1000 MHz. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com]

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

with a 4.7-nH chip inductor replacing the U-strip connecting across the

slot (Ant4). [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com]
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higher band. This excited 0.5-wavelength slot resonant mode in

this study has strong electric fields at the two slot openings and

a null electric field at about the slot center, which is different

from the traditional 0.5-wavelength closed-slot resonant mode

[13] and will be discussed with the aid of Figure 6 later.

A 0.25-wavelength slot resonant mode [2,14–17] can also be

generated by Slot 1 of length 31.5 mm (section ACD), which is

the slot region between the slot opening at point D and the

microstrip feedline as a virtual shorting [18]. The 0.5-wave-

length U-slot mode and the 0.25-wavelength Slot-1 mode are

formed into a very wide higher band for the antenna to cover

the desired 1710–2690 MHz band.

By adding an inverted-U strip (denoted as U-strip here)

across the U-slot, an additional open-slot radiator (Slot 2) of

length 54.5 mm (section BEF) is formed. The U-strip (section

BB0) has a length of 20 mm and a width of 0.3 mm. This U-

strip functions like a distributed inductor, which leads to a

lengthened resonant length of Slot 2. A similar result can be

obtained by replacing the U-strip using a chip inductor of 4.7

nH, which will be discussed with the aid of Figure 5 later. With

the present of the U-strip, a 0.25-wavelength slot resonant mode

contributed by Slot 2 can be generated at about 800 MHz, with

small effects on the generation of the slot modes contributed by

the U-slot and Slot 1. By further aided with the high-pass

matching circuit of L1 (9.1 nH) and C2 (1.8 pF) in the microstrip

feedline, the antenna’s lower band can be widened to cover the

desired 698–960 MHz band. Also note that the capacitor C1 (0.3

pF) added near point S0 is used to compensate for the equivalent

inductance owing to the end-shorting of the microstrip feedline.

The narrowed strip section AA0 following the capacitor C1 and

passing across the U-slot has a length of 20 mm and a width of

0.5 mm, which can effectively fine-tune the impedance match-

ing of the antenna [2].
Figure 6 Simulated electric-field distributions in the U-slot. [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

lengths of the U-strip connecting across the U-slot. [Color figure can be

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

Figure 8 Simulated return loss for the proposed antenna with different

positions of the U-strip connecting across the U-slot, with the position

of the microstrip feedline fixed (point A fixed). [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com]
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2.2. Operating Principle
Figure 3 shows the simulated return loss for the U-slot antenna,

the case without the U-strip across the U-slot and the high-pass

matching circuit of L1 and C2 (denoted as Ant1), Ant1 with a

simple linear strip connecting across the U-slot (Ant2), and

Ant2 with the U-strip connecting across the U-slot (Ant3). The

simulated results are obtained using the full-wave electromag-

netic field simulator HFSS version 15 [19]. For Ant1, it is seen

that the U-slot and Slot 1 contribute their slot resonant modes at

about 1.5 GHz (0.5-wavelength U-slot mode), 2.2 GHz (0.25-

wavelength Slot-1 mode), and 3.2 GHz (1.0-wavelength U-slot

mode). No resonant modes are excited in the desired lower

band. The desired lower and higher bands are marked in color

in the figure. For Ant2, the presence of a simple linear strip sig-

nificantly degrades the impedance matching of the resonant

modes contributed by the U-slot and Slot 1. Using the U-strip

connecting across the U-strip (that is, Ant3), it is seen that a

new resonant mode occurs at about 800 MHz in the desired

lower band and the resonant modes contributed by the U-slot

and Slot 1 remain excited with good impedance matching. By

adding the high-pass matching circuit to Ant3 (that is, the pro-

posed antenna), widened bandwidth in the antenna’s lower band

is obtained to cover the 698–960 MHz, and the resonant modes

contributed by the U-slot and Slot 1 can also be formed into the

desired higher band of 1710–2690 MHz.

Effects of the matching network embedded in the microstrip

feedline for the bandwidth enhancement in the antenna’s lower

band are studied with the aid of Figure 4. The simulated input

impedance on the Smith chart for the proposed antenna without

C1, L1, and C2 (Curve 1), the proposed antenna without L1 and

C2 (Curve 2), and the proposed antenna (Curve 3) in the fre-

quency range of 650–1000 MHz are shown. For Curve 1, the

impedance matching is poor in the desired lower band. By add-

ing the capacitor C1, which compensates for the end-shorting

effects of the microstrip feedline, much improved impedance

matching is seen (see Curve 2 vs. Curve 1). When the high-pass

matching circuit is added, a looped impedance curve within the

3:1 VSWR circle is seen (see Curve 3), which indicates that a

dual-resonance excitation for the widened bandwidth in the

desired lower band is obtained.

Figure 5 shows the simulated return loss for the proposed

antenna and the case with a chip inductor replacing the U-strip

connecting across the slot (Ant4). It is seen that Ant4 has a simi-

lar return loss as that of the proposed antenna. This behavior sug-

gests that the U-strip mainly functions like a distributed inductor,

which creates a new open-slot radiator (Slot 2) and also causes

small effects on the existing slot radiators of the U-slot and Slot

1. Hence, additional resonant modes can be obtained to achieve

widened bandwidth for the antenna to cover the LTE operation in

both the 698–960 and 1710–2690 MHz bands.

Figure 6 shows the simulated electric-field distributions in the

U-slot of the proposed antenna. At 760 MHz, the excited electric-

field distribution is strong at the slot opening of point F and

decreases gradually to the position of the U-strip. The result indi-

cates that resonant mode at 760 MHz is a 0.25-wavelength slot

mode [2] contributed by Slot 2. At 1800 and 3300 MHz, the

excited electric-field distributions suggest that the corresponding

resonant modes are 0.5-wavelenth and 1.0-wavelength slot modes

contributed by the U-slot. At 2300 MHz, strong electric field is

excited at the slot opening of point D and is mainly contributed

by Slot 1. In the proposed antenna, three open-slot radiators of

the U-slot, Slot 1, and Slot 2 contribute their fundamental reso-

nant modes to form two wide operating bands for the desired

LTE operation in the 698–960 and 1710–2690 MHz bands.

Figure 9 Simulated return loss for different positions of the microstrip

feedline passing across the U-slot, with the position of the U-strip fixed

(point B, B0 fixed). [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com]

Figure 10 Measured and simulated return losses for the fabricated

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

able at wileyonlinelibrary.com]

Figure 11 Measured and simulated antenna efficiencies for the fabri-

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

available at wileyonlinelibrary.com]
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2.3. Parametric Study
The simulated return-loss results for the length t of the U-strip

varied from 16 to 24 mm are shown in Figure 7. Other parame-

ters are the same as given in Figure 1. Large effects on the

excited resonant mode in the antenna’s lower band are seen.

The first resonant mode in the lower band, which is contributed

Figure 12 Measured and simulated radiation patterns for the fabricated antenna. (a) 760 MHz (b) 1800 MHz and (c) 2300 MHz. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com]
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by Slot 2, is also seen to be shifted to lower frequencies with an

increase in the length t. This suggests that the resonant mode

contributed by Slot 2 can be adjusted by tuning the length of

the U-strip, which is selected to be 20 mm in this study.

Figure 8 shows the simulated return loss for the position of

the U-strip varied from 2 to 5 mm away from the microstrip

feedline at point A. Similar as observed in Figure 7, large

effects on the first resonant mode in the antenna’s lower band

are seen. When the distance a increases, the first resonant mode

is shifted to lower frequencies. This is reasonable, as the first

resonant mode is contributed by Slot 2, a larger distance of a
causes a longer resonant length of Slot 2, thereby shifting the

excited mode to lower frequencies.

Figure 9 shows the simulated return loss for different posi-

tions of the microstrip feedline across the U-slot, with the posi-

tion of the U-strip fixed (point B, B0 fixed). Results for the

distance b varied from 37 to 45 mm are shown. It is seen that

all the resonant modes contributed by the U-slot, Slot 1, and

Slot 2 are greatly affected. This is largely because all the three

slot radiators are excited by the microstrip feedline. Hence, the

position variations of the microstrip feedline will cause effects

on all their contributed resonant modes.

3. EXPERIMENTAL RESULTS

The proposed U-slot antenna was fabricated (see the photos shown

in Fig. 2) and tested. Figure 10 shows the measured and simulated

return losses for the fabricated antenna. The measured data agree

well with the simulated results. The impedance matching of the fre-

quencies in the desired LTE bands is seen to be better than 6 dB

(3:1 VSWR). The measured and simulated antenna efficiencies for

the fabricated antenna are presented in Figure 11. The radiation

characteristics of the antenna were measured in a far-field anechoic

chamber. The antenna efficiencies include the mismatching loss.

Agreement between the measurement and simulation is also gener-

ally seen. The measured antenna efficiencies are about 40–63% and

60–86% for the desired lower and higher bands, respectively. The

obtained antenna efficiencies are generally acceptable for practical

mobile communication applications [20,21].

Figure 12 shows the measured and simulated radiation patterns

at representative frequencies of 760, 1800, and 2300 MHz. The

radiation patterns in the x-y plane (the azimuthal plane), the x-z
plane (the elevation plane orthogonal to the device ground plane),

and the y-z plane (the elevation plane parallel to the device ground

plane) are plotted. The measured radiation patterns are also seen

to be similar to the corresponding simulated results. At 760 MHz,

stronger radiation in the 2y direction in the x-y plane and in the

2z direction in the x-z plane is seen, which suggests that the

device ground plane also contributes to the radiation. That is, the

dipole-like chassis (device ground plane) mode is also excited at

lower frequencies. At 1800 and 2300 MHz, stronger radiation in

the upper half-plane in the elevation planes (x-z and y-z planes) is

seen, which suggests that the device ground plane mainly func-

tions as a reflector more than a radiator at higher frequencies.

4. CONCLUSION

A dual-wideband U-shape open-slot antenna for the LTE opera-

tion in the metal-framed tablet computer has been proposed, fabri-

cated, and studied. The antenna has a simple structure with a low

profile of 7 mm yet exhibits a dual-wideband operation to cover

the 698–960 and 1710–2690 MHz for the LTE operation. It has

been demonstrated that by embedding a U-strip connecting across

the U-slot, three open-slot radiators (the U-slot, Slot 1, and Slot 2)

can contribute their fundamental resonant modes to form the dual-

wideband operation. Acceptable radiation characteristics for the

antenna have also been obtained. The proposed U-slot antenna is

promising for applications in modern slim metal-framed tablet

computers, especially for those having a narrow spacing between

the metal frame and the display panel thereof.
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