
from �7 to 0V, step of 0.2V and drain voltage from 0 to 30V,

step of 3V. We can see that Gm of proposed device (blank color

square) is larger and flatter than compared device (red color

circle). It denotes that proposed device has better linearity than

compared device. Figure 5 shows that power gain, output power

(Pout) and power added efficiency (PAE) of both devices change

with input power (Pin). When input power is less than 3 dBm,

gain and output power of both devices are almost the same, and

when input power is more than 3 dBm, gain and output power of

proposed device (black color square) is larger than ones of com-

pared device (red color circle). When input power is less than 9

dBm, PAE of proposed device (black color square) is less than

one of compared device (red color circle), and when input power

is more than 9 dBm, PAE of proposed device (black color square)

is larger than one of compared device (red color circle).

5. CONCLUSIONS

This article proposes a novel Al0.27Ga0.73N /AlN/Al0.04Ga0.96N/

GaN HEMT with composited -layer and unintentionally doping

barrier based on theory calculation and TCAD software analysis.

By fabrication, measured results show that proposed

Al0.27Ga0.73N/AlN/Al0.04Ga0.96N/GaN HEMT with composited-

layer has higher linearity and drain current density than com-

pared device without composited-layer. Its gain, output power

and PAE are improved a little too. It demonstrates propose de-

vice is benefit to design linear power amplifier applied to wire-

less communication system.
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ABSTRACT: This article presents a polarization reconfigurable slot
antenna with compact feed. Fed by dual modes of coplanar waveguide,
a dual orthogonal linear polarization is excited in the slot and

controlled by two PIN diodes. The proposed antenna has been built and
its reflection coefficient, radiation pattern, gain were tested. The

capacity performance in an indoor wireless local area network scenario
was measured by using two proposed antennas as access point in a 2 �
2 multi-input multi-output system. The results show the advantage of

polarization reconfigurable antennas in channel capacity, especially at
the condition of non-line-of-sight. VC 2011 Wiley Periodicals, Inc.

Microwave Opt Technol Lett 53:1209–1213, 2011; View this article

online at wileyonlinelibrary.com. DOI 10.1002/mop.26014

Key words: polarization reconfigurable antenna; compact feed; channel
capacity

1. INTRODUCTION

Polarization reconfigurable antennas are widely studied and

adopted in multi-input multi-output (MIMO) systems for their

intrinsic polarization diversity advantage in mitigating the multi-

path fading and increasing the channel capacity, especially in

polarization-varied environments [1–3]. The polarization prop-

erty of such antennas can be switched between linear polariza-

tion (LP), left-hand circular polarization (LHCP), and right-hand

circular polarization (RHCP), depending on the propagation

environment. To achieve reconfigurable polarizations, several

designs have been proposed in recent articles [4–6]. For exam-

ple, two PIN diodes are implemented to control the reconfigura-

ble polarization between LHCP and RHCP in a square slot

antenna with wide bandwidth [4]. As studied in Ref. 5, a polar-

ization switchable patch antenna is proposed, and its polarization

modes are controlled by two PIN diodes among LHCP, RHCP,

and two orthogonal LPs. As mentioned in Ref. 6, a polarization

reconfigurable microstrip antenna with a piezoelectric transducer

(PET) was designed and built. By controlling the bias voltage of

the PET, it is possible to switch between LHCP and RHCP.

In this article, we will study the performance of polarization

reconfigurable antennas in indoor MIMO system for wireless

local area networks (WLAN) application. According to Ref. 4,

the slot antenna has wider bandwidth with bidirectional
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radiation, which meets the specification of an access point (AP).

Therefore, a polarization reconfigurable slot antenna with com-

pact feed is proposed as the antenna element in MIMO systems.

Dual orthogonal linear polarizations are selected as diversity for

better channel capacity. A prototype reconfigurable slot antenna

is fabricated and measured, including the reflection coefficient,

radiation pattern, and gain. To study its performance in indoor

MIMO systems, two slot antennas serve as AP of a 2 � 2

WLAN MIMO system in a typical indoor scenario, in compari-

son with two dipoles with single polarization. The measured

results illustrate that the channel capacity can be improved in

both line-of-sight (LOS) and non-line-of-sight (NLOS)

conditions.

2. ANTENNA DESIGN

The geometry of the proposed reconfigurable slot antenna ele-

ment is shown in Figure 1. The antenna is composed of a rec-

tangular slot, a coplanar waveguide (CPW), a capacitively

coupled strip, and two PIN diodes. The rectangular slot with the

dimensions of 53 � 50 mm2 serves as the radiation aperture,

etched in the front side of FR4 (er ¼ 4.4, tan d ¼ 0.01). A

switchable feed, including a C-shaped capacitively coupled strip

at the back side and a CPW at the front side through a via is

controlled by two PIN diodes. To achieve different configuration

of two PIN diodes, two orthogonal polarizations can be excited

by two modes of the same CPW, which is shown in Table 1.

Preliminary work about dual polarizations in slot is presented in

Ref. 7. When PIN1 is ON and PIN2 is OFF, the antenna is fed

through the C-shaped strip, which is capacitively coupled to the

CPW. As a result, the horizontal polarization of the slot is

excited. When PIN1 is OFF and PIN2 is ON, the vertical polar-

ization is excited by typical CPW feed structure. Dual orthogo-

nal polarizations are achieved by dual orthogonal modes of

CPW independently, making the feed structure much more com-

pact than the reference. Preliminary studies of parameter optimi-

zation are also discussed in Ref. 7, and the detailed values of

each parameter are listed in Table 2.

3. FABRICATION AND MEASUREMENTS

A prototype of the proposed reconfigurable slot antenna was

fabricated and measured. The view of the front and back sides

of the proposed antenna are shown in Figures 2(a) and 2(b), and

the detailed bias circuits of two PIN diodes (D1 and D2, Philips

BAP64-03) are shown in Figure 2(c). The ‘‘ON’’ and ‘‘OFF’’

states of the two PIN diodes are controlled by a single-pole 2-

throw (SP2T) switch in the front side. The bias circuit consists

of three RF choke inductances (Lb1, Lb2, and Lb3, 12 nH), a DC

block capacitance (Cb, 120 pF), three RF-shorted capacitances

(Cs1, Cs2, and Cs3, 470 pF), and a bias resistance (R, 46X).
The measured reflection coefficients for both polarizations

are shown in Figure 3. They all agree well with the simulation.

The �10-dB bandwidths are 700 MHz (2.02–2.72 GHz, 29.2%)

and 940 MHz (1.84–2.78 GHz, 40%) for mode 1 and 2, both

covering the WLAN band (2.4–2.484 GHz). The measured nor-

malized radiation patterns of the proposed slot antenna for both

modes at 2.4 GHz are shown in Figures 4 and 5. Bidirectional

radiation is achieved on the Y and �Y axis, and asymmetric pat-

terns are contributed to the effect of the bias structure. For

mode 1 shown in Figure 4, the half power beamwidths in the Y–
Z plane are 70� (Y direction) and 75� (�Y direction), and while

90� (Y direction) and 90� (�Y direction) in the X–Y plane. For

mode 2 in Figure 5, the half power beamwidths in the Y–Z plane

are 80� (Y direction) and 70� (�Y direction), and while 110� (Y
direction) and 100� (�Y direction) in the X–Y plane. High-level

cross-polarization in the radiation patterns is introduced by the

parasitic parameters of PIN diodes. Almost the same results as

in the Ref. 7 are achieved by using metal strip instead of the

PIN diodes in the ON state. Cross polarization can be sup-

pressed by using high-quality PIN diodes with low-parasitic pa-

rameters. The measured gain is shown in Figure 6. In the

required band, the gain is better than 4.2 and 2.2dBi for mode 1

and 2. The insertion loss of the PIN diodes also decreases the

gain performance.

4. MIMO CHANNEL CAPACITY RESULTS

To study the channel capacity improvement of the proposed

polarization reconfigurable antenna, a 2 � 2 MIMO system

channel measurement was carried out in a typical indoor sce-

nario, shown in Figure 7. Two polarization reconfigurable slot

antennas served as transmitter (TX) antennas, representing the

AP in the WLAN application. Two dipoles were implemented

as the receiver (RX) antennas. To demonstrate the improvement

in channel capacity, another two dipoles with single polarization

were used as reference TX antennas. The positions of TX and

RX antennas are marked in Figure 7. We fixed the TX antennas

as AP and moved RX antennas as mobile handset, to simulate

the LOS (TX-RX1, TX-RX2) and NLOS (TX-RX3, TX-RX4,

TX-RX5) conditions. The space of two antenna elements in TX

or RX is 0.5k, with the mutual coupling less than �25 dB.

Figure 1 Geometry of proposed antenna

TABLE 1 Working Configurations of PIN1 and PIN2

Mode PIN1 PIN2 Polarization

1 ON OFF Horizontal

2 OFF ON Vertical

TABLE 2 Detailed Dimensions of the Proposed Antenna

Parameter L LS LG L0 L1 L2 L3 L4 L5 W WS W1 S1 S2

Value(mm) 120 50 36 16 8.9 33.9 15.3 20.1 30 80 53 1.9 0.7 1
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The measurement was carried out in the band of 2.2–2.6

GHz, with a step of 2 MHz. Three different orientations (ZZ,

YY, and XX) of RX antennas were measured to simulate differ-

ent operational poses of the mobile handsets. For two horizontal

(H) and vertical (V) polarizations reconfigurable antennas, four

configurations (HH, HV, VH, VV) were switched manually for

each channel capacity measurement in a quasi-static environ-

ment, and the best result was chosen for statistics. Given the

small-scale fading effect, 4 � 4 grid locations for each RX posi-

tion were measured. Therefore, a total 201 � 3 � 16 � 2 ¼
19,296 measured channel capacity for LOS condition was

obtained for statistics, and 201 � 3 � 16 � 3 ¼ 28,944 were

the measured results for NLOS condition.

A 4-port vector network analyzer was used to measure the

channel response, obtaining a 2 � 2 MIMO channel matrix H.

The channel capacity can be calculated through following for-

mula:

C ¼ log2 det½INr
þ SNR

Nt
HnH

H
n � (1)

Figure 2 Fabrication of proposed antenna with bias circuit: (a) front

side, (b) back side, and (c) bias circuit

Figure 3 Measured and simulated reflection coefficient

Figure 4 Measured radiation pattern for horizontal polarization at 2.4 GHz. (a) X–Y plane and (b) Y–Z plane
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where Nr and Nt are the numbers of RX and TX antennas. INr is
a Nr � Nr identity matrix, SNR is the signal-to-noise ratio at

RX position, Hn is the normalized H, and ()H figures in the Her-

mitian transpose. H is normalized by the received power in the

1 � 1 reference dipole of identical polarization.

The measured channel capacity CCDFs of the proposed

polarization reconfigurable antenna in a 2 � 2 MIMO system in

LOS and NLOS conditions are illustrated in Figures 8 and 9,

comparing with reference dipoles in 2 � 2 and 1 � 1 systems.

The SNR used in (1) is determined at an average channel

capacity of 5 bit/s/Hz in a 1 � 1 dipole system in LOS or

NLOS. As listed in Table 3, the average and 95% outage

capacities are both improved by using polarization reconfigura-

tion, especially in a NLOS situation. For a NLOS indoor sce-

nario, the received energy is mainly contributed from reflection

and diffraction, which can vary the polarization of the wave.

However, the path loss of NLOS is higher than that of LOS,

and the transmitting power should be enhanced to guarantee sys-

tem performance. Considering the parasitic parameters and

insertion loss introduced from nonideal PIN diodes, even better

capacity can be achieved by using high quality switches.

5. CONCLUSIONS

A polarization reconfigurable slot antenna with compact feed is

proposed and tested. Dual orthogonal polarizations are excited

by orthogonal modes of single CPW. Two PIN diodes are

Figure 6 Measured gain

Figure 5 Measured radiation pattern for vertical polarization at 2.4 GHz. (a) X–Y plane and (b) Y–Z plane

Figure 7 Layout of measurement environment
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adopted to switch the polarizations depending on the propaga-

tion condition. The �10 dB reflection coefficients of horizontal

and vertical polarizations are 700 MHz (29.2%) and 940 MHz

(40%), both covering the WLAN band. The measured gains in

required band are better than 4.2 and 2.2 dBi. The channel

capacity of the proposed antenna in a 2 � 2 indoor MIMO sys-

tem has been measured and discussed showing the possible

advantage of polarization reconfigurable antennas.
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Polarized indoor MIMO channel measurements at 2.45 GHz, IEEE

Trans Antennas Propag 56 (2008), 3818–3828.
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ABSTRACT: A new dual-band structure is proposed for the Gysel
power divider. The proposed divider features an extension line at the

input and a stub line at the opposite end, both located along the
symmetry plane and operating at the even-mode excitation of the

divider. The divider is analyzed rigorously to derive the exact design
equations in closed-form formula. The design, simulation and
experiments based on the proposed method confirm the dual-band

capability of the divider. VC 2011 Wiley Periodicals, Inc. Microwave Opt

Technol Lett 53:1213–1216, 2011; View this article online at

wileyonlinelibrary.com. DOI 10.1002/mop.25979

Key words: power divider; Gysel power divider; dual-band

1. INTRODUCTION

Power dividers/combiners are widely used in various wireless

circuits and systems to divide or merge the high frequency sig-

nals [1]. Among various power dividers developed so far, Wil-

kinson power dividers are commonly used for the in-phase

power division with matched ports and isolated outputs [2].

Gysel power dividers perform similar functions as the Wilkinson

power divider and are better suited for high power applications

[3–5].

Recently, there have been extensive works concerning the

dual-band operation of the power divider [6]. However, most of

TABLE 3 Average and 95% Outage Channel Capacity
(bit/s/Hz)

Channel

capacity Condition

1 � 1

dipole

2 � 2

dipole

2 � 2

Polar.-reconfig.

Average LOS 5 7.86 10.62

NLOS 5 9.9 13.18

95% outage LOS 1.75 4.91 7.11

NLOS 1.94 6.87 11.32

Figure 8 CCDFs of channel capacity in LOS condition

Figure 9 CCDFs of channel capacity in NLOS condition
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