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ABSTRACT: A low profile, small-size, planar tablet computer antenna
for the long-term evolution (LTE)/wireless wide area network and 2.4-

GHz WLAN operation is presented. The antenna is formed by three
monopole strips configured into a compact configuration and printed on
a thin FR4 substrate of size 10 3 40 mm2. A high-pass matching circuit

is integrated thereon, without increasing the antenna size, to greatly
enhance the antenna’s low-band bandwidth to cover the LTE700/
GSM850/900 operation (704–960 MHz) with a low-antenna profile of 10

mm. The antenna’s higher band is formed by two wide resonant modes
contributed by the monopole strips and can cover the GSM1800/1900/

UMTS/LTE2300/2500 operation (1710–2170/2300–2400/2500–2690
MHz). In addition, one of the resonant modes in the higher band can be
adjusted to occur at about 2.4 GHz such that enhanced radiation char-

acteristics for frequencies in the 2400–2484-MHz WLAN band are
obtained for the proposed antenna. VC 2014 Wiley Periodicals, Inc.

Microwave Opt Technol Lett 56:1662–1666, 2014; View this article

online at wileyonlinelibrary.com. DOI 10.1002/mop.28404
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1. INTRODUCTION

To achieve multiband operations for the internal mobile device

antennas, the use of multiple radiating strips or resonators to

generate multiple resonant modes has been known to be a useful

technique. However, for operating in the WWAN (wireless wide

area network) and/or long-term evolution (LTE) operation, the

use of multiple radiating strips may lead to large or bulky

antenna volume required for the internal antennas to be embed-

ded in the mobile devices such as the tablet computers and lap-

top computers. As an example, an inverted-F antenna with

multiple radiating strips that has been reported to cover multi-

band LTE/WWAN operation in a laptop computer requires a

large area of 96 3 11.2 mm2 [1], although the antenna has an

attractive planar structure for slim laptop computer applications.

The large occupied area for the antenna may cause problems in

embedding two such antennas inside the mobile devices for

multiinput multioutput (MIMO) or diversity operation [2].

Many related LTE/WWAN antennas suitable for laptop com-

puter or tablet computer applications have also been reported

[3–13]. The design techniques applied in these antennas include

using multiple strip resonators [3–9], or multiple slot resonators

[10], or comprising loop resonators [11–13]. Among these

reported LTE/WWAN antennas, only few of them are with a

planar structure suitable for slim laptop computer or tablet com-

puter applications [1,7–9,13], in which the antenna’s metal pat-

terns occupy an area on a dielectric substrate from about 96 3

11.2 mm2 [1] to 45 3 10 mm2 [9].

In this article, based on the use of multiple strip resonators,

we present a promising antenna configuration with small size

and planar structure for the LTE/WWAN and 2.4-GHz WLAN

operation (704–960/1710–2690 MHz bands) in the tablet com-

puters. The antenna is formed by three monopole strips config-

ured into a compact configuration and printed on a thin FR4

substrate of small size 10 3 40 mm2 for achieving the LTE/

WWAN/WLAN operation. The multiband/wideband operation

with a small-antenna size is aided by an integrated matching cir-

cuit on the FR4 substrate, without increasing the antenna size.

In addition to the acceptable LTE/WWAN operation obtained

for the antenna, one of the three monopole strips can be easily

adjusted to generate a resonant mode thereof at about 2.4 GHz

such that enhanced radiation performances in the 2400–2484-

MHz WLAN band can also be achieved. Details of the proposed

antenna are presented.

2. PROPOSED ANTENNA AND PARAMETRIC STUDY

Figure 1 shows the proposed LTE/WWAN/WLAN tablet com-

puter antenna. An equivalent circuit of the integrated matching

circuit and the three monopole strips in the antenna is also pro-

vided in the figure. A photo of the fabricated antenna is shown

in Figure 2. The antenna is printed on a 0.8-mm thick FR4 sub-

strate of size 10 3 40 mm2, relative permittivity 4.4, and loss

tangent 0.024. The antenna is mounted along an edge and at a

corner of the device ground plane of dimensions 150 3 200

mm2. In the experiment, the device ground plane was cut from

a 0.2-mm thick copper plate (see the photo inset in Fig. 7). It is

also noted that the selected dimensions of the device ground

plane are reasonable for a practical tablet computer with a 9.7-

inch display panel. The antenna’s feeding point and grounding

point are at Point A and B, and for testing the antenna, a 50-X
coaxial line is applied with its central conductor and grounding

sheath connected to Point A and B, respectively (see Fig. 2).

Figure 1 Geometry of the proposed LTE/WWAN/WLAN tablet com-

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

available at wileyonlinelibrary.com]
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The antenna comprises three monopole strips of Strip1,

Strip2, and Strip3. Strip1 is the longest strip (section EFH)

which has a length of 47 mm and can contribute a resonant

mode at about 900 MHz with the aid of a series chip inductor

of 10 nH (L1) to decrease the required resonant length [14–16].

Additionally, by adding Strip3 (section FI, length 23 mm) to

Strip1 at Point F, a resonant mode at about 2.4 GHz can be gen-

erated. For Strip2 (section DG, length 28 mm), it can contribute

a resonant mode at about 1900 MHz. It should be noted that in

the proposed design, Strip2 is disposed between Strip1 and the

edge of the device ground plane, and Strip3 is connected to

Strip1 at Point F and extended in the different direction from

that of Strip1 and Strip2. In addition, all the open ends of the

three strips are bent and extended toward the antenna’s interior

or toward the edge of the device ground plane such that com-

pact structure of the proposed antenna is obtained. Further, this

arrangement can decrease possible coupling of the proposed

antenna with nearby antennas or elements, which will be attrac-

tive for the proposed antenna for practical applications.

The antenna’s higher band is formed by two resonant modes

at about 1900 and 2400 MHz contributed by Strip2 and Strip3,

respectively. In the proposed design, it is easy to adjust the reso-

nant frequencies of the two resonant modes, simply by tuning

the lengths of Strip2 and Strip3. Further, the antenna’s higher

band not only has a bandwidth of larger than 1 GHz to cover

the frequency ranges of 1710–2170/2300–2400/2500–2690 MHz

for the GSM1800/1900/UMTS/LTE2300/2500 operation, it can

also have good radiation characteristics in the frequency range

of 2400–2484 MHz for the 2.4-GHz WLAN operation. Simply

by tuning the length of Strip3, the resonant mode covering the

2.4-GHz WLAN band can be easily adjusted.

For the antenna’s lower band, although there is a resonant

mode contributed by Strip1, the provided bandwidth is not

Figure 2 Photo 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 antenna and the case

without the integrated matching circuit. [Color figure can be viewed in

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

Figure 4 Simulated input impedance for the proposed antenna and the

case without the integrated matching circuit. [Color figure can be viewed

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

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

without Strip1, the case without Strip2, and the case without Strip3.

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

wileyonlinelibrary.com]
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enough to cover the frequency range of 704–960 MHz for the

LTE700/GSM850/900 operation. To achieve a wider low-band

bandwidth, a high-pass matching circuit [17] is integrated to the

antenna and generally does not increase the occupied size of the

antenna. The matching circuit comprises a parallel chip inductor

L2 of 10 nH and a series chip capacitor C1 of 2.7 pF. The inte-

grated high-pass matching circuit greatly widens the antenna’s

low-band bandwidth. Results of the simulated return loss for the

proposed antenna and the case without the integrated matching

circuit are presented in Figure 3 for comparison. The shaded fre-

quency ranges at lower and higher frequencies in the figure rep-

resent the desired frequency ranges of 704–960 and 1710–2690

MHz. The simulated results are obtained using the EM field

simulator HFSS version 14 [18]. The results show that the

antenna’s low-band bandwidth is greatly enhanced with the

presence of the matching circuit. Conversely, the antenna’s

higher band formed by two resonant modes contributed by

Strip2 and Strip3 is very slightly affected. It is also seen that

the second mode in the higher band occurs at about 2.4 GHz,

which can lead to good coverage of the 2.4-GHz WLAN opera-

tion in the frequency range of 2400–2484 MHz. Also note that

although the return loss for part of the frequencies in the anten-

na’s operating bands is not better than 6 dB, the measured

antenna efficiency is all better than 50% (see Fig. 8 in Section

3) and is acceptable for practical mobile communication appli-

cations [19,20].

The corresponding results of the simulated input impedance

for the proposed antenna and the case without the integrated

matching circuit are also shown in Figure 4. It can be seen that

owing to the added matching circuit, a parallel resonance [21] is

generated at about 1.4 GHz and the resonant mode owing to

Strip1 is shifted to lower frequencies at about 800 MHz. The

generated parallel resonance greatly improves the impedance

matching of the high-frequency portion of the resonant mode

related to Strip1, thereby leading to a greatly widened band-

width of the antenna’s lower band as seen in Figure 3. Hence,

the lower band can cover the desired LTE700/GSM850/900

operation.

To analyze the respective effects of the three strips, Figure 5

shows the simulated return loss for the proposed antenna, the

case without Strip1, the case without Strip2, and the case with-

out Strip3. When Strip1 is not present, the desired resonant

mode in the antenna’s lower band is not excited, while the two

resonant modes in the higher band are still present. This indi-

cates that the antenna’s lower band is related to Strip1. For the

case without Strip2, the first mode in the antenna’s higher band

disappears, while the resonant mode in the lower band and the

second mode in the higher band are present. For the case with-

out Strip3, the second mode in the higher band disappears,

whereas the other two modes are present. The results indicate

that Strip2 and Strip3 mainly control the first and second modes

in the higher band.

Figure 6 shows the simulated return loss for the proposed

antenna as a function of the chip inductor L1. Results for L1 var-

ied from 5 to 15 nH are presented. Relatively smaller effects on

the first mode at about 1900 MHz in the higher band are seen,

and the resonant mode in the lower band and the second mode

in the higher band are both shifted to higher frequencies with a

decrease in the inductance of L1. This is reasonable as in the

proposed design, the chip inductor L1 is used for achieving

decreased resonant lengths of Strip1 and Strip3 only. In this

case, a compact structure of the proposed antenna is obtained.

3. EXPERIMENTAL RESULTS AND DISCUSSION

Figure 7 shows the measured and simulated return loss of the

fabricated antenna. The measured data agree with the simulated

results. The antenna can cover the frequency bands of the LTE/

WWAN and 2.4-GHz WLAN operation. Figure 8 shows the

Figure 6 Simulated return loss as a function of the chip inductor L1.

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

wileyonlinelibrary.com]

Figure 7 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 8 Measured and simulated antenna efficiency (matching loss

included) of the fabricated antenna. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com]
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measured and simulated antenna efficiency of the fabricated

antenna. The antenna efficiency includes the return loss of the

antenna, and agreement between the measurement and simula-

tion is also seen. For the lower band (704–960 MHz), the meas-

ured antenna efficiency is about 50–72%. For the higher band

(1710–2690 MHz), the measured antenna efficiency is about

55–94%. Note that in the 2.4-GHz WLAN band (2400–2484

MHz), enhanced antenna efficiency is obtained, and the meas-

ured antenna efficiency is better than 88%. The obtained

antenna efficiency is acceptable for practical LTE/WWAN and

WLAN operation.

Figure 9 shows the measured radiation patterns at representa-

tive frequencies of 800, 1920, and 2440 MHz. Radiation pat-

terns of the principal planes (x-y, x-z, and y-z planes) are shown.

At each frequency, the radiation intensities in the three principal

planes are all normalized to the same maximum intensity. At

lower frequencies (800 MHz), the antenna has an Eh (vertical

field) near-omnidirectional radiation in the azimuthal direction

of the x-y plane pattern. At higher frequencies (1920 and 2440

MHz), small variations in the Eh radiation in the azimuthal

direction of the x-y plane pattern are also seen. The radiation

characteristics are advantageous for mobile communications to

have good coverage in practical applications.

4. CONCLUSION

A low-profile, small-size multibranch monopole antenna with

integrated matching circuit for the LTE/WWAN/WLAN

Figure 9 Measured radiation patterns of the fabricated antenna. [Color figure can be viewed in the online issue, which is available at wileyonlineli-

brary.com]
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operation in the tablet computer has been proposed. The antenna

has a planar compact structure of size 10 3 40 mm2 and is easy

to be disposed on one surface of a thin FR4 substrate. The

antenna has been shown to provide acceptable radiation charac-

teristics for the LTE700/GSM850/900 operation in the lower

band and the GSM1800/1900/UMTS/LTE2300/2500 and 2.4-

GHz WLAN operation in the higher band. The antenna is hence

promising for the LTE/WWAN/WLAN operation in the slim

tablet computers and is also promising to be applied in the

antenna systems for the LTE MIMO, WLAN MIMO, and diver-

sity operation owing to its small-antenna size.
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ABSTRACT: We demonstrated an all-fiber birefringent comb filter
with tunable and switchable wavelength spacing. The comb filter is
based on a fiber loop mirror (FLM) with three sections of high-

birefringence (HB) fibers and polarization controllers (PCs). The trans-
mission characteristics of the birefringent FLM are dependent of the rel-

ative phase difference of the two orthogonal polarization modes and the
rotational angles of the different HB fibers. By adjusting the PCs, four
different wavelength spacings can be obtained; particularly, interleaving

operation—halved and quartered wavelength spacing—can be effectively
realized. By using a Jones matrix method, the transmission of the bire-
fringent comb filter is analyzed. The theoretical analysis agrees with the

experimental results. VC 2014 Wiley Periodicals, Inc. Microwave Opt

Technol Lett 56:1666–1670, 2014; View this article online at

wileyonlinelibrary.com. DOI 10.1002/mop.28415

Key words: comb filter; fiber loop mirror; wavelength spacing tunable;
polarization-maintaining fiber

1. INTRODUCTION

Fiber loop mirrors (FLMs) are extremely important building

blocks for applications in fiber-optic sensing technology and dense

wavelength-division-multiplexing (DWDM) network systems. By

simply connecting the two output ports of a 3-dB coupler, a basic

FLM is constructed. The two waves split at input end prorogate in

opposite directions with the same optical phase difference, result-

ing in a constructive interference at the input end. In general, a

FLM is considered as a perfect reflector (assuming the loss is neg-

ligible). By inserting a polarization controller (PC) to introduce a

small controllable birefringence in the loop, such a basic FLM

becomes an all-fiber mirror with a variable reflectivity [1,2]. Fur-

thermore, by introducing a high-birefringence (HB) fiber inside

the loop, the specific birefringent FLM could turn into an all-fiber

interferometer [3–12], which can be used as an optical comb filter

in generating multiwavelength laser sources [4–6], processing

microwave and optical signals [7], optical networks [8], flattening

optical gain [9], measuring birefringence [10], capturing environ-

mental parameters [11,12] and so on.

To enhance the operational flexibility and functionality of the

devices in configurable and dynamic environment, the tunability
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