
between the closely spaced antenna elements is obtained in such

compact space. Simulated and measured results in terms of S-

parameters, radiation patterns, and calculated ECC and MEG

are presented to verify the design, which demonstrate the pro-

posed antenna system can be used in UWB MIMO applications.
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ABSTRACT: A hybrid loop/monopole antenna capable of covering the
LTE operation in the 698–960/1710–2690 MHz band and the GPS oper-
ation at 1575 MHz for the tablet computer application is presented.

With the obtained LTE/GPS operation, the antenna requires a small size
of 8 3 40 3 3 mm3 only. The antenna is operated as a coupled-fed

loop antenna for the LTE operation and as a coupled-fed monopole
antenna for the GPS operation. The two antenna structures share the
same radiation strip, except that the loop antenna with the end terminal

thereof short-circuited to the device ground plane of the tablet computer
and the monopole antenna with the end terminal thereof open-ended.

The two antenna structures are configured into one antenna structure
using a passive bandstop circuit connected between the end terminal of
the antenna’s radiation strip and the device ground plane. The bandstop

circuit exhibits a very high impedance in the GPS band and a very low
impedance in the LTE band, thereby making the antenna operated as a
loop antenna for the LTE operation (698–960/1710–2690 MHz) and a

monopole antenna at 1575 MHz for the GPS operation. Details of the
proposed hybrid loop/monopole antenna are described. Operating prin-

ciple of the antenna is addressed, and experimental results of the fabri-
cated antenna are presented and discussed. VC 2016 Wiley Periodicals,

Inc. Microwave Opt Technol Lett 58:630–635, 2016; View this article

online at wileyonlinelibrary.com. DOI 10.1002/mop.29635

Key words: mobile antennas; loop antennas; hybrid loop/monopole
antennas; LTE/GPS antennas; passive reconfigurable antennas; tablet

computer antennas

1. INTRODUCTION

To achieve multiband operation with a compact antenna size,

the frequency reconfigurable antenna [1–5] has been shown to

be a promising candidate for the internal antenna embedded in

the mobile device such as the tablet computer and mobile

phone. Traditionally, such frequency reconfigurable antennas

use the active switching circuit [1–4] to obtain different antenna

configurations for different operating bands. For example, in

[2], the hybrid loop/inverted-F antenna (IFA) has been obtained

by using an active pin diode. Recently, it has been shown that

by using a passive circuit, the antenna can exhibit different con-

figurations for different operating bands [5]. The passive circuit

in [5] is a distributed capacitor connected between the open end

of the IFA’s radiating arm and the device ground plane of the

tablet computer. In this case, the antenna has a compact size of

10 3 35 3 3 mm3 and can be operated as an IFA for the LTE

(long term evolution) operation in the 698–960/1710–2690 MHz

band and as a loop antenna for the LTE operation in the 3400–

3800 MHz band [6–8]. The use of passive circuits to achieve

the frequency reconfigurable antenna for the mobile device

application decreases the complexity in the antenna design, as

compared to that using the active switching circuit in obtaining

the same.

In this article, we present a hybrid loop/monopole antenna

with a passive bandstop circuit to obtain the LTE operation in

the 698–960/1710–2690 MHz band [9] and the GPS (global

positioning system) operation at 1575 MHz [10] in the tablet

computer. The antenna design is based on applying a low-

profile coupled-fed loop antenna of small size 8 3 40 3 3 mm3

that has been reported in [9] for the LTE operation. At the end

terminal of the antenna’s radiation strip, the passive bandstop

circuit is added to connect the end terminal thereof to the device

ground plane of the tablet computer.
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The passive bandstop circuit comprises a circuit-element

branch and a simple strip branch, both connected in parallel.

The circuit-element branch having a series inductor and a series

capacitor combines with the strip branch functioning as a dis-

tributed inductor to form a three-element bandstop circuit [11].

With the bandstop circuit designed to resonate at 1575 MHz

(that is, it will exhibit a very high impedance at 1575 MHz), the

antenna will behave like a monopole antenna with its end termi-

nal open-ended. The length of the simple strip branch in the

bandstop circuit can also be used to fine-adjust the resonant

mode of the monopole antenna to occur at 1575 MHz for the

GPS operation. On the other hand, for the LTE operation in the

698–960/1710–2690 MHz band, the antenna will remain to

operate as a loop antenna, with small or negligible effects

caused by the bandstop circuit. Details of the antenna configura-

tion and working principle of the proposed loop/monopole

antenna for the LTE/GPS operation are presented in this study.

Experimental results of the fabricated prototype are also shown

for discussion.

2. PROPOSED HYBRID LOOP/MONOPOLE ANTENNA

2.1. Antenna Configuration
Figure 1 shows the geometry of the proposed hybrid loop/monopole

antenna with a bandstop structure for the LTE/GPS operation in the

tablet computer, and the illustrative structure of the proposed

Figure 1 Geometry of the proposed hybrid loop/monopole antenna

with a passive bandstop circuit for the LTE/GPS operation in the tablet

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

available at wileyonlinelibrary.com]

Figure 2 The illustrative structure of the proposed antenna. [Color fig-

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

library.com]

Figure 3 The equivalent structures for (a) the antenna operated in the

LTE band (698–960/1710–2690 MHz) as a loop antenna (denoted as LTE

antenna) and (b) the antenna operated in the GPS band (1575 MHz) as a

monopole antenna (denoted as GPS antenna). [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-

out the circuit-element branch (section BD) in the bandstop circuit (Ant1),

and the case without the bandstop circuit (Ant2). [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com]
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antenna is shown in Figure 2. The small-size coupled-fed loop

antenna with a size of 8 3 40 3 3 mm3 reported in [9] is first

applied. The antenna can generate its 0.25-wavelength loop mode

[12–14] in the LTE low band (698–960 MHz) and its two higher-

order loop modes for the LTE high band (1710–2690 MHz). The

matching network includes a series inductor L1 (6.2 nH) for tuning

the antenna’s impedance matching in the LTE high band and a

high-pass matching circuit of Lm (11 nH) and Cm (2.4 pF) for wid-

ening the antenna’s low-band bandwidth to cover the LTE low

band. The device ground plane is selected to have dimensions of

150 3 200 mm2 for a 9.7-in. tablet computer.

Note that the antenna’s strip length from point A to E is

78 mm (length 1) for operating as a loop antenna for the LTE

operation [see the equivalent structure of the loop antenna

shown in Fig. 3(a)]. When the antenna is operated as a monop-

ole antenna at 1575 MHz for the GPS operation [see the equiva-

lent structure of the monopole antenna shown in Fig. 3(b)], its

strip length is decreased to be 70 mm (length 2) from point A

to B. The reconfiguration of the loop and monopole antenna is

obtained by the passive bandstop circuit added between point B

and the device ground plane. The bandstop circuit comprises the

simple strip branch (section BE, length 8 mm) having an equiv-

alent inductor of about 2 nH and the circuit-element branch

(section BD) having a series 6-nH chip inductor (Lb) and a

series 0.6-pF chip capacitor (Cb) embedded therein.

The bandstop circuit is designed to resonate at 1575 MHz

such that it exhibits a very high impedance at 1575 MHz and

functions like an open-circuit. In this case, the proposed antenna

is reconfigured from a loop antenna with a resonant strip of

78 mm (length 1) to be a monopole antenna with a resonant

length of 70 mm (length 2). Also note that length 2 is about 0.37

wavelength at 1575 MHz, which is larger than a quarter-

wavelength for the monopole mode excitation. This is mainly

owing to the use of the coupling feed for the antenna, which

leads to the excitation of the 0.25-wavelength loop resonant mode

[12–14] and also results in shifting the 0.25-wavelength resonant

mode of the monopole antenna to higher frequencies [15].

2.2. Working Principle
Figure 4 shows the simulated return loss for the proposed

antenna, the case without the circuit-element branch (section

BD, the loop antennna) in the bandstop circuit (Ant1), and the

case without the bandstop circuit (Ant2, the monopole antenna).

Figure 5 Simulated surface current distributions at 830, 1575, 1900, and 2600 MHz for the proposed antenna. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com]

Figure 6 Simulated surface current distribution at 1575 MHz for Ant2

in Fig. 4. [Color figure can be viewed in the online issue, which is avail-

able at wileyonlinelibrary.com]

Figure 7 Photos of the fabricated hybrid loop/monopole antenna.

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

wileyonlinelibrary.com]
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The simulated results are obtained using the full-wave electro-

magnetic field simulator HFSS version 15 [16]. Results indicate

that the proposed antenna can cover the LTE operation in the

698–960/1710–2690 MHz band and the GPS operation at 1575

MHz (see the frequency regions marked in color in the figure).

It is also seen that Ant1 shows a similar return loss as that of

the proposed antenna, except that there is no resonant mode

excited for the GPS operation for Ant1. As for Ant2, a resonant

mode excited at about 1575 MHz is obtained. The resonant

modes at about 2000 and 3000 MHz for Ant2 are also excited,

both being the higher-order resonant modes of the monopole

antenna.

Figure 5 shows the simulated surface current distributions at

830, 1575, 1900, and 2600 MHz for the proposed antenna. Note

that at 830, 1900, and 2600 MHz, the radiating strip (section

AB) show strong surface currents near point B, which indicates

that the loop resonant mode is excited. That is, the antenna at

830, 1900, and 2600 MHz is operated as a loop antenna. On the

other hand, at 1575 MHz, null surface currents are seen near

point B for the radiating strip (section AB). This surface current

distribution is similar to that shown in Figure 6, in which the

simulated surface current distribution at 1575 MHz for Ant2

(the monopole antenna) is presented. This confirms that the pro-

posed antenna at 1575 MHz is operated as a monopole antenna.

3. EXPERIMENTAL RESULTS AND DISCUSSION

The proposed hybrid loop/monopole antenna was fabricated

and tested. The photos of the fabricated antenna are shown in

Figure 7. The measured and simulated return losses for the pro-

posed antenna are shown in Figure 8. Fair agreement between

the measured data and the simulated results is seen. The antenna

can cover the LTE operation in the 698–960/1710–2690 MHz

bands and the GPS operation at 1575 MHz. Note that although

the impedance matching for some frequencies in the 698–960/

1710–2690 MHz bands is better than about 5 dB return loss

only, the measured antenna efficiencies obtained in Figure 9 are

better than 40% in the low band (698–960 MHz) and better than

about 55% in the high band (1710–2690 MHz). The obtained

antenna efficiencies which include the mismatching losses are

acceptable for practical LTE applications [14,15]. Note that the

antenna efficiencies were measured in a far-field anechoic

chamber, and the measured antenna efficiencies are also seen to

agree with the simulated results. For the GPS operation, the

measured antenna efficiency is better than about 65%, which is

also acceptable for practical applications.

Figure 10 shows the measured and simulated radiation pat-

terns at 830, 1575, and 2000 MHz for the proposed antenna.

The radiation patterns in three principal planes (x–y plane for

the azimuthal plane, x–z plane for the elevation plane orthogonal

to the device ground plane, and y–z plane for the elevation plane

parallel to the device ground plane) are shown. The results at

830 and 2000 MHz represent, respectively, the radiation charac-

teristics of the LTE low-band and high-band operations, whereas

the result at 1575 MHz represents the GPS radiation characteris-

tics. The measured results are seen to fairly agree with the simu-

lated results. The radiation pattern at 830 MHz is seen to be

smoother than that at 2000 MHz for the LTE operation. In addi-

tion, stronger radiation in the lower-half plane than in the

upper-half plane at 830 MHz is seen. On the other hand, the

radiation at 2000 MHz is stronger in the upper-half plane and

weaker in the lower-half plane. The different radiation charac-

teristics are largely owing to the device ground plane function-

ing more like a radiator at 830 MHz and more like a reflector at

2000 MHz [14,15].

It is also noted that at 1575 MHz, the antenna radiates the

linearly polarized wave. Although the GPS operation uses the

circularly polarized wave, especially the right-hand circularly

polarized wave [10,17,18], the linearly polarized antenna has

been widely adopted for GPS operation in the mobile device

applications [2]. This is mainly because the orientation of the

mobile device is usually not fixed, and its orientation greatly

depends on how the user holds the same. Moreover, the mobile

device also requires the embedded antenna therein to have a

compact size. These considerations make the linearly polarized

antenna widely adopted in the mobile device for the GPS opera-

tion. The proposed antenna radiates at 1575 MHz with a linearly

polarized radiation is hence promising to find applications for

the GPS operation in the tablet computer.

4. CONCLUSION

A hybrid loop/monopole antenna with a passive bandstop cir-

cuit for the LTE/GPS operation in the tablet computer has

been proposed. The bandstop circuit has a simple structure and

does not increase the antenna size, yet it reconfigures the

antenna structure from a coupled-fed loop antenna in the LTE

band (698–960/1710–2690 MHz) to a coupled-fed monopole

antenna for the GPS operation at 1575 MHz. The antenna can

hence be passively reconfigured from a loop antenna to a

monopole antenna, thereby covering the LTE/GPS operation.

With the passive reconfigurable antenna structure, the antenna

occupies a small size of 8 3 40 3 3 mm3, and acceptable

Figure 8 Measured and simulated return losses for the proposed

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

able at wileyonlinelibrary.com]

Figure 9 Measured and simulated antenna efficiencies for the pro-

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

available at wileyonlinelibrary.com]
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radiation characteristics for the LTE/GPS operation have been

obtained. With the obtained results, the antenna will be prom-

ising for the mobile device applications such as in the tablet

computer.
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ABSTRACT: A wideband tri-polarized antenna is presented in this let-

ter. The proposed hybrid structure consists of a cylindrical dielectric
resonator (DR) and a copper cylinder. Tri-polarized operation is

achieved by exciting the HE11dx and HE11dy modes of the DR, and the k/
4 monopole mode of the copper cylinder. The resonant frequency of the
monopole mode is well tuned to work cooperatively with the two HE11d

modes. Only one single substrate layer is required to integrate the three
balanced feedings. A prototype of the proposed antenna is built and
tested. The measured overlapping impedance bandwidth of the three

ports is 410 MHz (2.38–2.79 GHz), and the isolation among the three
ports is also less than 227 dB across the bandwidth. VC 2016 Wiley

Periodicals, Inc. Microwave Opt Technol Lett 58:635–638, 2016; View

this article online at wileyonlinelibrary.com. DOI 10.1002/mop.29634

Key words: dielectric resonator antenna; hybrid antenna; polarization

diversity; tri-polarization

1. INTRODUCTION

Polarization diversity technique is very attractive in multiple

input and multiple output (MIMO) systems [1]. In the last deca-

des, various polarization diversity antennas have been proposed

with dual-polarized operation [2–6]. It is known that dual-

polarized antennas can provide two independent wireless chan-

nels by exciting two orthogonal modes of the radiators. How-

ever, it is possible to fully explore the freedom of polarization

and further improve the polarization diversity performance [7],

considering the rich scattering environments in MIMO systems.

Recently, several tri-polarized antennas have been proposed for

MIMO applications [[7]2[13]]. The basic operating principle is

adding a conical radiation pattern to offer an additional polariza-

tion, apart from the two existing broadside radiation patterns in

dual-polarized antenna designs.

There are mainly two methods to generate the conical radia-

tion pattern. One is utilizing the TM01 mode [8,9]. For example,

two orthogonal HEM12d11 modes and one TM01d mode of the

dielectric resonator antenna (DRA) is proposed in [8] to achieve

tri-polarized operation. However, the bandwidth is narrow and

the dielectric resonator (DR) volume is large, due to the higher-

order modes. Each mode is also difficult to tune independently

in this method, owing that all the modes are generated by the

same radiator. Another method is adding extra structure to gen-

erate the monopole mode [[10]2[13]]. For instance, a DRA-

monopole antenna is proposed in [11]. As is located on the axis,

the monopole has little influence on the HE11d modes of the

DRA. To reduce the length of the monopole, the disk-loaded

structure is adopted in [12,13]. However, the antenna designs in

this method suffer from narrow bandwidth and poor isolation. In

addition, few balanced feedings are reported with this method.

In this letter, a wideband tri-polarized hybrid antenna with

balanced feeding is proposed for MIMO applications. Section 2

analyzed a dual-polarized DRA. Novel balanced feedings are

introduced, which are printed on a single substrate layer. Section

3 presents the generation of an additional conical mode without

increasing the profile of the DR. Section 4 draws the conclusion.

Figure 1 Geometry of the proposed dual-polarized antenna (a) Side

view (b) Dimensions of the feeding network.
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