
bandnotch is present at 4.22 GHz, at 30 dB rejection, while the

other bandnotch is absent. State 4 is reverse: with a bandnotch

at 3.51 GHz, at 37 dB loss, only. The passband insertion loss

varies between 0.32 dB in state 3 and 0.48 dB in state 4.

3.3. S-Parameters with PIN Diodes
In the fabricated structure with PIN diodes, Agilent E8361A

PNA Network Analyser was used to carry out the measurements

of the S-parameters. The results are presented in Figure 5(a) for

state 1 and in Figure 5(b) for state 2. In state 1, no bandnotch

exists and the 3 dB passband is from 3.14–5.35 GHz. The fil-

ter’s insertion loss is roughly 0.2 dB. In state 2, the passband is

3.19–5.15 GHz. As also seen in the passband, dual bandnotch

are introduced. The obtained rejection at these dual bandnotch is

5 dB less than the one achieved by the Graphene based

switches, i.e. at 25 dB. Furthermore, the dual bandnotch have

moved to frequencies of 3.48 GHz and 4.26 GHz. These shifts

are caused by the discrepancies in the fabrication. An insertion

loss of 0.8 dB is present in the passband. State 3, presented in

Figure 5(c), has a passband of 3.14–5.35 GHz and state 4,

shown in Figure 5(d), has a passband of 3.19–5.2 GHz at an

insertion loss of 0.4 dB and 0.6 dB respectively. State 3 shows

a single bandnotch at 4.28 GHz (S21 5 25.5 dB) while state 4

has one at 3.48 GHz (S21 5 25 dB) only.

3.4. Measured Linearity With PIN Diodes
The nonlinearity introduced by a PIN diode is a function from

Eq. (4) of the forward bias current IF and the RF current if. Gen-

erally, better linearity may be obtained when the extent of the

bias current modulation by the RF current decreases. The modu-

lation effect can be minimized by deliberately operating at a

high forward bias current [11].

For the purpose of validating the high linearity characteris-

tics, the filter was gauged by means of a 5 MHz QPSK signal

with and without the PIN diodes. Input power between a range

of 225 dBm and 10 dBm resulted in very good linearity. The

performance at various passband frequencies in state 1 and state

2 was measured and has been shown in Figure 6.

3.5. Comparison with Other Works
Table 2 presents a comparison of others works in which similar

filters were developed.

4. CONCLUSION

A highly linear reconfigurable UWB filter, coupled with two

resonators implemented with switches - PIN diodes and Gra-

phene based - is presented. The switches reconfigure the filter

between a full bandpass response and a bandpass response with

dual bandnotch at 3.5 GHz and 4.2 GHz. The simulation and

measurement results of both switching elements in OFF and ON

states have been shown. A good agreement is present between

the results of the two elements; hence validating the filter con-

cept. These obtained results show no bandnotch in the passband

in OFF state; while dual bandnotch are present at 3.5 GHz and

4.2 GHz in ON state. Two further states are also possible when

the two resonators are alternated between OFF and ON posi-

tions; hence producing their respective bandnotch only. The

highly linear nature of the filter has been shown by experimen-

tally evaluating the linearity using a QPSK signal at various

passband frequencies of the PIN diodes based filter.
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ABSTRACT: This letter proposes the design of microstrip patch anten-

nas for independent polarization adjustments in two frequency bands.
The proposed antenna consists of two radiating patches for dual-band

operation, and each patch is composed of a circular resonator and sur-
rounding parasitic elements. The antenna polarization is adaptively
adjusted by rotating these parasitic elements for each patch without

changing other design parameters. As an evaluation, two sample anten-
nas with linear and circular polarizations are fabricated to measure

their radiation characteristics. The results prove that the proposed struc-
ture is capable of independent polarization adjustments for dual-band
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1. INTRODUCTION

As demand grows for more advanced mobile systems, the integra-

tion of multiple antennas has been required for the implementation

of various wireless communications systems in a limited space

[1–3]. To overcome this spatial constraint, multi-band antennas

have been suitable candidates, and a particular antenna polariza-

tion is selectively adopted for each frequency band to maintain

high reception reliability [4,5]. This reception reliability can be

further improved by fine-tuning the antenna polarizations, espe-

cially in urban environments, where multipath effects become

severe. However, most previous studies have focused only on

achieving particular polarizations for specific applications [6–15],

which do not provide a tuning capability for antenna polarizations.

Although the polarization can be tuned by applying a reconfigura-

ble antenna structure, the design complexity is significantly

increased as a result of additional pin diodes with DC bias circuits

[16–21]. The design complexity is minimized in Ref. [22], which

proposes a flexible polarization adjustment using a single design

parameter without any additional components. However, this

study is limited to a single frequency band, and the antenna struc-

ture should be refabricated to obtain different polarizations.

In this paper, we propose the design of dual-band microstrip

patch antennas for an adaptive polarization adjustment in two fre-

quency bands. The proposed antenna has a multi-layer structure

with two radiating patches, and each radiating patch consists of

a circular resonator and surrounding parasitic elements. These
Figure 1 Geometry of the proposed antenna. (a) Top view of upper

patch. (b) Top view of lower patch. (c) Side view.

Figure 2 Values of the AR for the angle of the polarizer. (a) Axial

ratio at 1.575 GHz. (b) Axial ratio at 1.227 GHz.
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elements are designed to have the circular shape and are simply

rotated to independently adjust the antenna polarization for each fre-

quency band across the entire range of the axial ratio (AR). To

demonstrate the properties of the dual-band polarization adjustment,

two antenna samples with different polarizations are fabricated, and

their antenna characteristics are measured in a full anechoic cham-

ber. The magnetic field distributions within patches are further

observed in order to demonstrate the capability of the independent

polarization adjustment in the two bands. The results show that the

proposed antenna is suitable for dual-band polarization adjustments

without a significant increase in design complexity.

2. PROPOSED ANTENNA DESIGN

Figure 1 shows the geometry of the proposed antenna structure,

which is capable of an independent polarization adjustment in

two frequency bands. The antenna has a multi-layer structure

that consists of two circular patches with diameters d1 and d2,

which are designed to be approximately half the effective wave-

length in the operating frequency. Each patch is surrounded by

a parasitic element, whose widths are w1 and w2, separated into

two parts with parameters w3 and w4. These parasitic elements

are employed to enable the adaptive adjustment of the AR with-

out a frequency shift, as introduced in Ref. 22. In our approach,

Figure 3 Photographs of the fabricated antennas. (a) Upper and lower patches of circularly polarized antenna. (b) Upper and lower patches of linearly

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

TABLE 1 Optimized Values of the Proposed Antenna

Parameters Value

d1 35.6 mm

d2 39.2 mm

w1 1.3 mm

w2 1.7 mm

w3 1.9 mm

w4 2.6 mm

g1 2.5 mm

g2 1.9 mm

gr 60 mm

lf 9.6 mm

h1 3.14 mm

h2 4.71 mm

Substrate er 5 10, tand 5 0.0035
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the parasitic elements are rotated by the parameters /ar1 and

/ar2 to vary the antenna polarization in the two bands indepen-

dently. The dual-band operation is achieved by feeding the

upper patch with a coaxial cable, and the lower patch is electro-

magnetically coupled to the upper patch. The coupling strength

is then controlled by changing the feed position lf and the sub-

strate heights h1 and h2.

Figures 2(a) and 2(b) present variations in AR values at

1.575 GHz and 1.227 GHz, according to the rotating parame-

ters /ar1 and /ar2, respectively. Each rotating angle is varied

from 08 to 1808 at an interval of 108 to observe the AR value

at the bore-sight direction. The results show that the proposed

antenna can have AR values from 21 to 1, which includes the

right-hand circular (RHC), left-hand circular (LHC), linear,

and elliptical polarizations in the two frequency bands. For

example, the RHC polarization at 1.575 GHz can be obtain

when /ar1 has an angle between 1208 and 1308 for any /ar2.

Then, the RHC polarization at 1.227 GHz can be achieved

when the range of /ar2 is from 1208 to 1408 with a fixed /ar1

value of 1208.

3. MEASUREMENT AND ANALYSIS

To demonstrate the capability of the dual-band polarization adjust-

ment, we apply the proposed antenna structure for the GPS L1 and

L2 bands and fabricate two antenna samples with different polar-

izations. The first sample has an RHC polarization with

/ar1 5 1208 and /ar2 5 1408, and the geometry of the first sample

antenna is asymmetric with respect to the y-axis, as shown in Fig-

ure 3(a). The second sample is linearly polarized with /ar1 5 1008

and /ar2 5 908 and is symmetrical with respect to both x- and y-

axes, as shown in Figure 3(b). Other design parameters of the two

samples have the same values as listed in Table 1, and their anten-

na characteristics, such as reflection coefficients, gains, AR, and

patterns, are measured in a full anechoic chamber.

Figure 4 presents a comparison of the measured and simulat-

ed reflection coefficients for the first sample antenna, which are

represented by solid and dashed lines, respectively. The mea-

sured reflection coefficients are 210.2 dB and 218.1 dB at

1.575 GHz and 1.2 GHz, and the simulated values are 212.8

dB and 214.1 dB at 1.575 GHz and 1.227 GHz.

Figure 5 shows the bore-sight gain of the first sample, and mea-

sured data are specified by the solid line and ‘1’ markers. The

measured bore-sight gains are 4.2 dBic at 1.545 GHz and 5.8 dBic

at 1.215 GHz, and the cross-polarization levels are 219 dB and

228.1 dB at 1.545 GHz and 1.215 GHz, respectively.

Figure 6 shows a comparison of AR values in the bore-sight

direction as a function of frequency. The dashed line exhibits

the simulated AR, and the measurement is expressed by ‘1’

markers. The antenna has the minimum AR values of 1.9 dB at

1.545 GHz and 0.8 dB at 1.215 GHz for the measurement, and

these values agree well with the simulated values of 1.6 dB and

1.2 dB at 1.574 GHz and 1.224 GHz, respectively.

Figures 7(a)–7(d) illustrate the measured radiation patterns of

the first sample antenna in the zx- and zy-planes at 1.575 GHz

and 1.227 GHz. In the upper hemisphere, its cross-polarization

levels are lower than 28.8 dB and 215.9 dB in zx- and zy-

planes at 1.575 GHz, respectively. At 1.227 GHz, the levels are

less than 215.3 dB in zx-plane and 217.8 dB in zy-plane. The

measured half-power beamwidths (HPBWs) averaged in the zx-

and zy- planes are 113.48 (1.575 GHz) and 114.28 (1.227 GHz).

Figure 8 presents measured radiation patterns of the second

sample antenna in comparison with the simulation. Since the

antenna has linear polarization, the difference between RHC andFigure 5 Bore-sight gain of the proposed antenna.

Figure 6 Axial ratio of the proposed antenna.Figure 4 Reflection coefficients of the proposed antenna.
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LHC gains are smaller than 2.1 dB and 6.3 dB in zx- and zy-

planes at 1.575 GHz, and those at 1.227 GHz are less than 0.6

dB and 0.8 dB in the upper hemisphere. The measured HPBWs

in zx- and zy-planes are 112.58 and 81.48 at 1.575 GHz and

122.88 and 115.88 at 1.227 GHz. It is important to note that the

rotated parasitic elements affect only the polarization properties

in the two frequency bands without degradation of other radia-

tion characteristics, such as gain and HPBWs.

To verify how the antenna adjusts the polarization properties in

the two bands, we compute H-field distributions of the first sam-

ple, as illustrated in Figures 9(a) and 9(b). The H-field strength is

observed at 61 3 61 points in both the y- and z-axes, and the cross

section is specified in the same figure. Figure 9(a) shows that the

H-field strength is confined between the upper patch and the lower

patch at 1.575 GHz with an average field strength of 11.8 A/m. On

the other hand, a strong H-field distribution at 1.227 GHz is

observed between the lower patch and ground with an average val-

ue of 14.4 A/m, as illustrated in Figure 9(b). These different field

distributions according to the frequency enable the antenna to

adjust the polarization properties independently in the two fre-

quency bands by rotating the parasitic elements.

4. CONCLUSION

We have investigated the design of dual-band microstrip patch

antennas with parasitic elements for adaptive polarization adjust-

ments. The proposed antenna has a multi-layer structure to

achieve dual-band operation, and the parasitic elements at each

layer were rotated to independently adjust the antenna polariza-

tion in the two frequency bands across the entire AR range. To

verify the capability of the dual-band polarization adjustment,

two antenna samples with RHC and linear polarizations were

fabricated, and their antenna characteristics were measured in a

full anechoic chamber. The measured bore-sight gains of the cir-

cularly polarized antenna were 4.2 dBic and 5.8 dBic, and the

minimum AR values were 1.9 dB and 0.8 dB at 1.545 GHz and

1.215 GHz, respectively. The cross-polarization levels of the cir-

cularly polarized antenna were smaller than 212.4 dB, on the

other hand, the linearly polarized antenna showed similar gains

for RHC and LHC polarizations. The results demonstrated that

the proposed antenna is suitable for dual-band polarization

adjustments by simply rotating the angles of the parasitic ele-

ments without any degradation of radiation gain, HPBW, and

impedance matching characteristics.

Figure 7 2-D patterns of the proposed circularly polarized antenna. (a) zx- plane at 1.575 GHz. (b) zy- plane at 1.575 GHz. (c) zx- plane at

1.227 GHz. (d) zy- plane at 1.227 GHz.
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Figure 9 H-field distribution of the proposed antenna. (a) 1.575 GHz. (b) 1.227 GHz.

Figure 8 2-D patterns of the proposed linearly polarized antenna. (a) zx- plane at 1.575 GHz. (b) zy- plane at 1.575 GHz. (c) zx- plane at 1.227 GHz.

(d) zy- plane at 1.227 GHz.
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ABSTRACT: This article introduces a training technique suitable for
an active analog carrier leakage canceller, based on base-band signal
processing. The proposed training approach leads to the optimum can-

celler parameters by observing at base-band the magnitude of a pilot
signal amplitude-modulating the carrier, which is generated by the base-

band processor in the transmitter and received due the leakage through
the receiver chain.

An experimental characterization applied to a road-side unit operat-

ing in full-duplex mode for an electronic toll collection system, under
regulation ETSI ES200674, demonstrates that the leakage mitigation

reaches up to 35 dB with the leakage between transmitter and receiver
maintained below 260 dB, and resulting in a signal-noise ratio
enhancement of 30 dB VC 2016 Wiley Periodicals, Inc. Microwave Opt

Technol Lett 58:2649–2653, 2016; View this article online at

wileyonlinelibrary.com. DOI 10.1002/mop.30115

Key words: wireless communications; leakage canceller; vehicular

communications

1. INTRODUCTION

In this article, we address the issue of radio self-interference

mitigation in full-duplex transceivers suitable for Electronic Toll

Collection (ETC), operating in accordance with European Tele-

communications Standards Institute (ETSI) regulation. The self-

interference issue affects several radio technologies, for instance

frequency-division duplex communications, radio frequency

identification readers [1], as well as continuous wave radar

front-ends [2], to cite the most widespread. To solve this issue

in a reliable and flexible way, active analog cancellation has

been widely proposed in the technical and scientific literature,

[3]. This class of cancelling techniques purges the leakage from

the transmitter to the receiver input, by the injection of an

inverted replica of the self-interfering signal itself [4]. This

approach can be applied either directly at the front end [5],

where the benefit is maximal but the cancellation algorithm

training is difficult, or in the base-band domain [6], where the

signal processing is easier, but the mitigation effect is only

marginal.

In this article, we propose a technique capable of taking

advantage of the benefits of these two approaches, demonstrat-

ing that an effective transmitter carrier leakage cancelling is

possible, at the front-end level, having the canceller trained by

measuring the signal properties at the base-band domain.

In [7,8] there were introduced a carrier leakage canceling

techniques, effective in purging the leakage even when this is

injected at a different section from where the canceller operates.

With reference to Figure 1 this means that it is possible to oper-

ate at the section A, right before the LNA, even in the presence

of leakage occurring after the canceller reference section, name-

ly L2 and L3.

In this article, we extend the above assessment by implement-

ing a carrier side-band pilot signal in the calibration phase and

moving the observation reference after the down conversion, see
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