
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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common aperture has been presented. The proposed antenna has

the capacity of reconfiguring radiation pattern from a planar,

low profile, and symmetric structure, which could be used in the

places where bidirectional communication is needed such as

coal mine, tunnel, bridge, railway, or crossroads.

This article is organized as follows, the proposed structure

and operation mechanism will be introduced in Section 2, in

Section 3, the simulated and experimental results will be shown,

and some conclusion will be drawn in the end.

2. ANTENNA DESIGN

2.1. Antenna Structure
Figure 1 shows the geometry of the proposed two-port pattern

reconfigurable antenna with broadside and end-fire radiation pat-

terns for bidirectional communication applications. The pro-

posed antenna is designed on a double-sided metalized

FR4_epoxy dielectric substrate with a relative permittivity of

4.6, loss tangent of 0.02, and overall size of 450 3 150 3 1

mm3. It has a planar, low profile, and symmetric configuration,

consisting of two series-feed collinear slot subarrays [10] corpo-

rately fed by a microstrip line and two series-feed dipole subar-

rays corporately fed by a microstrip line-to-double side parallel

strip line (MS-to-DSPSL) transition, respectively. As shown in

Figures 1(a) and 1(b), a crossover is used to realize the orthogo-

nal configuration of the two feed structures, which is beneficial

to improve the isolation between the two ports. The antenna is

simulated with the aid of ANSYS HFSS and the optimal values

of the parameters labeled in Figure 1 are provided in Table 1.

The evolution of the proposed antenna is shown in Figure 2.

As shown in Figures 2(a) and 2(b), at first, a bidirectional

broadside antenna composed of two series-feed collinear slot

subarrays is designed; and then, the ground is modified into a

dumbbell-shaped defected ground structures (DGS), therefore, the

dipole array illustrated in Figure 2(c) can be easily inserted into

two rectangular defected areas without increasing the size of the

proposed structure. The distance between the two slot subarrays

is w2 1 w7 5 90 mm (about 0.73 free space wavelength at 2.45

GHz) to reach a compromise between the gain of the slot array

and space left for inserting the dipole array. The dipole array,

illustrated in Figure 2(c), consisting of two series-feed dipole sub-

arrays corporately fed by a MS-to-DSPSL transition is initially

designed for end-fire pattern while the influence of the dumbbell-

shaped DGS on performance of the dipole array is taken into con-

sideration in Figure 2(d). A pattern reconfigurable antenna shown

in Figure 2(e) is formed by combing the structures in Figures 2(b)

and 2(d). To increase the gain of the dipole array and the isolation

between two feed ports on the premise that the impact on the per-

formance of the slot array is as small as possible, the proposed

antenna finally evolves into Figure 2(f).

2.2. Operation Mechanism
It is well known that an array with an in-phase excitation has a

broadside radiation pattern. By changing the excitation to the

alternative out-of-phase and keeping the distance between adja-

cent elements at half wavelength, an end-fire pattern is obtained.

Based on the one fed by a coplanar waveguide in [10],

series-feed collinear slot subarrays #1 and #2 are corporately fed

by microstrip line in this article. When port 1 is excited, all the

horizontal end-to-end slotlines of l2 3 w2 behave as the radia-

tors, whereas the meandered slotlines of (l7 1 2 3 l8) 3 w8

serve as the feeding network. Both the radiating slotline and

meandered slotline sections are approximately a half guided-

wavelength of the slotline transmission line at 2.45 GHz; there-

fore, all the radiating slotlines are excited in phase for each subar-

ray #1 and #2. To compensate for the out-of-phase excitations

Figure 1 Geometry of the proposed antenna (a) top view, (b) 3D view of the feed structures including the crossover, and (c) 3D view of the feed

ports. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]

TABLE 1 Dimensions of the Proposed Antenna

Parameters l1 l2 l3 l4 l5 l6 l7 l8 l9 l10

Value 450 51 18.75 20 59 15 9 18 4 26.5

Parameters L11 l12 l13 w1 w2 w3 w4 w5 w6 w7

Value 0.75 25.5 4.75 150 3 3 8 50 22 87

Parameters w8 w9 w10 w11 w12 w13 d1 r1 h U1

Value 1 1.4 2.5 0.5 0.5 2 0.3 12 1 90

All the values are in millimeters except that U1 in degree.
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Figure 2 Evolution of the proposed antenna. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]

Figure 3 Instantaneous electric field distributions at 2.45 GHz for port 1. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com]

Figure 4 Instantaneous surface current distributions at 2.45 GHz for port 2. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com]

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


from the microstrip line, the whole slot array is off-set fed by port

1 with another differential phase delay of about 180� to ensure the

in-phase excitation of all the radiating elements and reinforce

broadside radiation pattern. The electric field distributions on the

apertures of the proposed antenna at 2.45 GHz are shown in Figure

3 where the directions and sizes of the arrows indicate the direc-

tions and magnitudes of the electric field, respectively.

DSPSLs are used to feed #3 and #4 in a relatively simple

series configuration. The distance between adjacent elements is

approximately one guided-wavelength; therefore, phase reversal

technique is used to obtain out-of-phase current on every ele-

ment. Moreover, a MS-to-DSPSL transition is utilized as a balun

and impedance transformer. When port 2 is excited, the surface

current distributions at 2.45 GHz are depicted in Figure 4.

Figure 5 Photograph of the proposed antenna. [Color figure can be

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

Figure 6 Simulated and measured S-parameters. [Color figure can be

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

Figure 7 Simulated and measured normalized radiation patterns at 2.45 GHz. (a) xy-plane for port 1, (b) yz-plane for port 1, (c) xz-plane for port 2,

and (d) yz-plane for port 2. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]
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3. RESULTS AND DISCUSSION

To demonstrate the validity of the presented design strategy, as

depicted in Figure 5, a prototype antenna was fabricated and

measured. The reflection coefficients were obtained by a vector

network analyzer Agilent ENA E5071B while the radiation pat-

terns were measured in an ETS-Lindgren
VC

anechoic chamber

[11]. Simulated and measured results are given in Figures 6–8.

Good agreement between them could be observed.

3.1. S-Parameters
Both the simulated and measured S-parameters are shown in

Figure 6. The simulated and measured impedance bandwidths

(S11�210 dB) are 2.27–2.63 GHz and 2.26–2.65 GHz for port

1 whereas the simulated and measured ones are 2.14–2.58 GHz

and 2.14–2.60 GHz for port 2. The simulated isolation between

the two ports is better than 225 dB whereas the measured result

demonstrates isolation better than 230 dB.

3.2. Radiation Pattern
Figure 7 illustrates the simulated and measured normalized radi-

ation patterns at 2.45 GHz.

For port 1, as shown in Figures 7(a) and 7(b), bidirectional

broadside pattern is obtained with the main beam directing positive

and negative Y in both xy- and yz-planes. The simulated and meas-

ured cross-polarization values are better than 240 and 225 dB.

From Figures 7(c) and 7(d), bidirectional end-fire pattern is

obtained when port 2 is excited. The simulated and measured

cross-polarization values are better than 235 and 220 dB.

3.3. Diversity and Realized Gain
Figure 8 depicts the simulated diversity, simulated realized gain,

and measured realized gain of the proposed antenna against fre-

quency. The diversity and gain are given at h 5 90�, /5 90� for

port 1 and h 5 0�, /5 0� for port 2.

Over the 2.4 GHz wireless local area networks (WLAN)

band, the simulated diversity is 12–13 dBi for port 1 whereas 9–

10 dBi for port 2. Simulated realized gains are about 1 dB lower

than diversity mainly owing to metal loss and dielectric loss

(impedance mismatch loss can be ignored for S11�210 dB) for

both ports. The measured realized gain is 11–12 dBi for broad-

side while 7–8 dBi for end-fire pattern. The discrepancy

between the simulated and measured results may attribute to

fabrication tolerance and the measurement errors.

4. CONCLUSION

A reconfigurable antenna printed on a single dielectric substrate

with bidirectional end-fire and broadside radiation patterns has

been proposed for pattern diversity applications in coal mine,

crossroads, and so on. Simulations and measurements validate

the performance of the proposed antenna.
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ABSTRACT: A V-band variable gain amplifier (VGA) with wide gain
control range, low phase variation, and low return loss variation is
designed and implemented on 90-nm CMOS process. Utilizing a phase

compensation capacitor at the common gate transistor and a source

Figure 8 Simulated diversity, simulated realized gain, and measured

realized gain against frequency
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