
in which the tunneling photons can be generated and confined

within a center ring by the WGMs. In application, the coupling
effects between the WGMs and physical environments can be
detected by the device drop port output, which can be related to
the required measurements, therefore, the changes in wavelength-
s(or phases) of the WGMs (center signals) obtained by the sensing
unit can be retrieved and interpreted. In this article, three forms of
sensing configurations are proposed by using the WGMs within
the PANDA ring circuits, where the sensing configurations such as
microflow rate sensors, thin film and distributed sensors and wrist
band for medical sensors are proposed. Furthermore, the use of a
coated PANDA ring can also give more widely applications, which
can be used for magnetic and current sensing forms as shown in
Figure 5, which is shown that the trapping and moving electron
along the center of ring, which is coated with Au and produce the
propagation of magnetic field around the ring as shown in Figures
5(a.1) and 5(a.2), so-called nanosolenoid, which is formed by the
surface plasmon concept. For sensing applications, magnetic fields
(B) or currents (I) can be changed relatively to the environmental
environments and configured to be the required sensors.

3. CONCLUSION

We have proposed the very interesting sensing configurations

using the concept of nonlinear coupling effects within a PANDA

ring circuit and WGMs of light. The coupling effects between

the WGMs and external environments can be detected and

measured related to the shift in phase, that is, WGMs phase
(position in the time or wavelength domains). The large area sens-

ing application is also available when the distributed sensing con-
figuration is used. Moreover, in some cases light can penetrate
into human tissue using the WGMs switching control, which can
be useful for medical sensing applications.
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ABSTRACT: A new four-port balanced antenna feeding network for

switchable polarizations and high transmit/receive (Tx/Rx) isolation
characteristics is presented. The proposed structure is configured by two
switching mode hybrid matrices which consist of two 3-dB couplers and
two SP4T switches, two directional couplers, and Wilkinson dividers. By
controlling impedances of the switching mode hybrid matrices, different
types of polarizations such as right-handed circular polarization, left-
handed circular polarization, vertical polarization, and horizontal polar-
ization can be generated with stable Tx/Rx isolation characteristics
regardless of antenna impedance variations. VC 2014 Wiley Periodicals,

Inc. Microwave Opt Technol Lett 56:17–23, 2014; View this article

online at wileyonlinelibrary.com. DOI 10.1002/mop.27991

Key words: antenna feeding network; reconfigurable feeding network;
Tx/Rx isolation; reconfigurable antenna

Figure 5 Shows a schematic diagram of magnetic field (current),

where the Au is the coated material. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com]
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Figure 1 Antenna front-end structure for polarization and Tx/Rx isolation

Figure 2 Block Diagram for: (a) the proposed balanced antenna feeding network and (b) its application to a patch antenna
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1. INTRODUCTION

Antenna feeding network takes a very important role in multi-

port antenna front-end structures as transmit/receive (Tx/Rx)

antenna polarizations and isolation characteristics are determined
by the feeding networks as illustrated in Figure 1. The feeding

network makes different signal magnitudes and phases at each
antenna feeding point and corresponding polarizations are gener-
ated for Tx and Rx. For a single antenna system, as Tx and Rx
share the same antenna and feeding networks are usually sepa-
rated by passive circuits, the isolation characteristic between Tx

and Rx is very crucial regarding receiver performances. Thus,
the unwanted signals such as Tx leakage and antenna reflection

should also be taken into account as well as antenna polariza-
tions when feeding network is designed.

In order to cancel Tx leakages, there have been researches

such as Doppler radar applications using quadrature hybrids and

Lange couplers [1–3], but these structures are valid only in a

well-matched conditions and polarizations are fixed and not

switchable. To remove the Tx leakage and antenna reflection

regardless of the antenna impedance variations, balanced antenna

front-end structures [4, 5] have also been proposed, but polariza-

tions are fixed and cannot be controlled. Thus, in this article, we

propose a new antenna feeding network that can provide controlla-

ble polarizations (right-handed circular polarization (RHCP), left-
handed circular polarization (LHCP), vertical polarization (VP),
and LP) and maintain high isolation characteristics for Tx and Rx
independent of polarizations and antenna impedance variations.
The Tx and Rx polarizations can be controlled separately by
switching mode hybrid matrices and high Tx/Rx isolation can be
retained when Tx/Rx circular polarizations are set equally or Tx/Rx
linear polarizations are set differently. For instance, high and stable
Tx/Rx isolation characteristics can be achieved by RHCP (LHCP)
for both Tx and Rx as well as LP (VP) for Tx and VP (LP) for Rx.

2. FOUR-PORT BALANCED ANTENNA FEEDING NETWORK

2.1. Analysis for Switching Mode Hybrid Matrix
Figure 2 shows the proposed four-port balanced antenna feeding

network and its application to a generally used four-port patch

antenna. The proposed structure is configured by two switching

mode hybrid matrices which consist of two 3-dB couplers and
two SP4T switches, two directional couplers, and Wilkinson
dividers (combiners). Each switching mode hybrid matrix sets

Figure 3 Switching mode hybrid matrix for feed path control

Figure 4 Operation of the proposed antenna feeding network for: (a) Tx and (b) Rx
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up the signal path for Tx and Rx separately and enables high
isolation between Tx and Rx according to proper Tx and Rx
polarization pairs. Figure 3 shows the schematic of the switch-
ing mode hybrid matrix where P1, P2, P3, and P4 are input, out-
puts, and isolation ports, respectively, for the case of Tx.
Similarly, P2 and P3 become inputs, whereas P1 and P4 become
output and isolation ports, respectively, for the case of Rx.

As shown in Figure 3, if the incident and reflected voltages

signals at each port are denoted by V1 and V2, the relationships

for the switching mode hybrid matrix can be found by

V2
2

V2
3

" #
5

Zo

2X1jZo

j2X

2X1jZo

j2X

2X1jZo

ZO

2X1jZo

2
6664

3
7775 �

V1
1

V1
4

" #
; (1)

where Zo is the characteristic impedance (50 X) and X is the

load impedance switchable by SP4T. If P1 and P2 are used as

the input and isolation port (V4
1 5 0), the output relationship

can be expressed as follows,

Figure 5 Polarization of a patch antenna generated by the proposed antenna feeding network: (a) CP and (b) LP

TABLE 1 Summary of the Tx Polarizations According to Switch Modes

Switch Mode Open Short 1j25 X 2j25 X

Tx out A 0 1
2

e2jh1p=2(90�)
1
2

e2jh1p(180�) 1
2

e2jh1p=2(90�)

Tx out B 1
2

e2jh1p(180�) 0 1
2

e2jh1p=2(90�) 1
2

e2jh1p(180�)
Tx out C 0 1

2
e2jh13p=2(270�) 1

2
e2jh12p(0�) 1

2
e2jh13p=2(270�)

Tx out D 1
2

e2jh12p(0�) 0 1
2

e2jh13p=2(270�)
1
2

e2jh12p(0�)

Polarization HP VP RHCP LHCP

Figure 6 Tx leakage cancellation for CP modes
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V3
2

V2
2

5
j2X

Zo

: (2)

When X equals to 1 (open), all signals flow to port 3. Simi-

larly, when X equals to 0 (short), all signals flow to port 2.

When X satisfies xL5Zo=2 1j25ð Þ or xC52=Zo (2j25) the sig-

nal gets equally divided into two ports by |V3/V2| 5 1 with

/ S31=S21ð Þ590� and / S31=S21ð Þ5290�, respectively.

2.2. Analysis for Four-Port Antenna Feeding Network with
Switchable Polarizations and Tx/Rx Isolation
Using two switching mode hybrid matrices in combination with

two directional couplers and Wilkinson dividers (combiners),

the proposed antenna feeding network can be configured to gen-

erate switchable polarizations with high Tx/Rx isolations charac-

teristics. Figure 4 shows the description of the proposed antenna

feeding network operation. For the transmit-operation, Tx

switching mode hybrid matrix determines the signal distribution

to Tx outputs with desired phases while Rx switching mode

hybrid matrix provides the Tx leakage cancellation path. Similar

performance is applied to the receive-operation of the proposed

Figure 7 Tx leakage cancellation for LP modes: (a) VP and (b) HP

Figure 8 Implementation of the proposed four-port balanced antenna

feeding network. [Color figure can be viewed in the online issue, which

is available at wileyonlinelibrary.com]
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network by symmetry. If the incident signal on Tx input is

assumed to be e2jh, then the relative Tx outputs corresponding

to Figure 5 can be summarized as Table 1.

Having the proposed four-port balanced feeding network, a

patch antenna can produce different polarizations as shown in

Figure 5. Similarly, the polarizations generated by Rx modes are

the same as the Tx polarizations due to the symmetric structure

of the proposed feeding network. As the proposed feeding net-

work has switchable and balanced structure, Tx leakages are

canceled and isolated, thus high Tx/Rx isolation characteristics

Figure 9 Measured S-parameters for each operation mode according to switching impedances: (a) HP (open), (b) VP (short), (c) RHCP (1j25), and

(d) LHCP (-j25). [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]

22 MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 56, No. 1, January 2014 DOI 10.1002/mop
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can be maintained. As shown in Figure 6, two types of Tx lea-

kages flow into Rx: Tx Leakage1 and Tx Leakage2. The former

directly leaks from Tx input due to the imperfection of direc-

tional coupler and the latter reflects from antenna impedance

mismatch and combines through Wilkinson combiner. Consider-

ing the symmetry of balanced structure and phase delays by the

proposed feeding network, the Tx leakage for circular polariza-

tion can be analyzed as

Total Tx Leakage 5 Tx Leakage 1 X1Yð Þ1 Tx Leakage 2 X1Yð Þ

5
1

2
� e2jh � e2jp=21e2j3p=2

h i
1

1

2
� C � e2j h1pð Þ � e2jp=21e2j3p=2

h i
; for RHCP TX ; RHCP RX

5
1

2
� e2jh � e2j3p=21e2jp=2

h i
1

1

2
� C � e2j h1pð Þ � e2j3p=21e2jp=2

h i
; for LHCP TX ; LHCP RX

5 0 ðTx Leakage cancelledÞ

(3)

where all phases are relatively indicated with respect to couplers and

dividers (combiners). The detailed effect of antenna load variations
on Tx/Rx isolation characteristics for four-port balanced structure is
analyzed in Ref. 5, where the operation principles are the same.

For linear polarizations, the switching mode hybrid matrices

for Tx and Rx are set to be orthogonal such that polarizations

for Tx and Rx are LP (VP) and VP (LP), respectively. As Tx/

Rx paths and antennas (vertical and horizontal) are electrically

separated by switching mode hybrid matrix, all the Tx leakages

flow to the isolation port of Rx and stable isolation characteris-

tics can be achieved as shown in Figure 7.

3. MEASUREMENT

Figure 8 shows the implemented four-port balanced antenna feed-

ing network for which A, B, C, and D indicate the feeding points

on a patch antenna and correspond to port 2, 3, 4, and 5,

respectively. Port 1 and 6 are Tx and Rx ports. The proposed

feeding network is implemented with FR4 (t 5 0. 6 mm,

er 5 4.6) and total size is 100 3 100 mm2. The four-port bal-

anced feeding network is configured by commercially available

3-dB couplers, 10-dB couplers, and SP4T switches. Having

additional electrical delays by switches and lines, the open,

short, 1j25, and 2j25 impedances are experimentally found

and realized by lumped chip capacitors and inductors. Finally,

the performance of the proposed circuit is verified at European

UHF RFID band, 862–868 MHz.

Figure 9 shows the measured s-parameters for the proposed

four-port balanced antenna feeding network corresponding to

Figure 8. As shown in Figures 9(a) and 9(b), only two signal

paths having 180� phase difference are activated by open or

short impedances of the switch and thus horizontal polarization

(HP) or LP can be generated with a patch antenna. As shown in

Figures 9(c) and 9(d), all four signal paths having quadrature

phase differences are activated by 1j25 or 2j25 impedances,

thus, RHCP or LHCP can be generated with a patch antenna

with respect to the rotation of quadrature phases. The measured

insertion loss variations and phase variations are within 61.2

dB and 615� from 862 to 868 MHz. Also, the measured Tx/Rx

isolation is always better than 38 dB and the measured return

losses are always better than 12 dB. As the four-port balanced

antenna feeding network is a symmetric structure, Rx operation

is the same as the Tx operation.

4. CONCLUSION

This article presented a new four-port balanced antenna feed-

ing network for patch antenna applications. The proposed feed-

ing network was able to make four different types of

polarizations (HP, VP, RHCP, and LHCP) by switching impe-

dances of switching mode hybrid matrices with the use of sin-

gle patch antenna. In addition, high Tx/Rx isolation

characteristics stable to antenna impedance variations can be

achieved. The implemented four-port balanced antenna feeding

network was verified at European UHF RFID band (862–868

MHz). The measured results for the proposed feeding network

showed proper distribution of signals according to the switch-

ing operations and high isolations characteristics for each

operation.
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ABSTRACT: The design of a six-aperture, 10-dB directional coupler

using substrate integrated waveguide is presented. Size constraints pre-
cluded addition of holes in series, however, in parallel the addition
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