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This paper presents the isolation improvement techniques of a microstrip patch array antenna for the indoor wideband code
division multiple access (WCDMA) repeater applications. One approach is to construct the single-feed switchable feed network
structure with an MS/NRI coupled-line coupler in order to reduce the mutual coupling level between antennas. Another approach
is to insert the soft surface unit cells near the edges of the microstrip patch elements in order to reduce backward radiation
waves. In order to further improve the isolation level, the server antenna and donor antenna are installedin orthogonal direction.
The fabricated antenna exhibits a gain over 7 dBi and higher isolation level between server and donor antennas below —70 dB at

WCDMA band.

1. Introduction

Microstrip patch antennas are used in modern communica-
tion systems due to their low cost, lightweight, and planar
structure. However, a microstrip patch antenna has some
disadvantages.

In the design of a microstrip patch array antenna, the
radiating patch elements have to be placed in close prox-
imity. It produces significant mutual coupling effect that
deteriorates the antenna performance. The simplest solution
to improve the antenna isolation is to increase the physical
separation between the antennas. Although the isolation
of the antennas becomes higher as the separation length
is increased, the size of the antenna will subsequently be
larger. However, the size of the antenna ground plane is
limited in the practical microstrip patch antenna design.
Particularly when the patch antenna is printed on high
dielectric substrates, its radiation pattern is considerably
affected by surface waves. On a finite ground plane, surface
waves propagate until they reach an edge where they are
reflected back and diffracted by the edges. These cause
a significant amount of wasted power in the backward
hemisphere below the ground plane. Various solutions for
the improvement of the radiation performance of patch

antennas on a substrate are available. One approach is to con-
struct a periodic structure, such as photonic bandgap (PBG)
or electromagnetic bandgap (EBG) [1, 2], surrounding the
patch antenna. Another approach is to use the concept of
artificial soft and hard surfaces [3]. These surfaces have led
to a wide range of applications in antennas other microwave
systems [4]. Both EBG and soft surfaces can be used to
suppress surface wave propagation. The main difference is
that soft surfaces exhibit bandgaps in only one direction,
but they offer the best performance in most applications
of antennas. However, the conventional soft surfaces are
made on the same ground plane of a patch antenna and
the presence of via near the patch may raise the resonant
frequency of the patch if the soft surface strip or cell is
very close to the patch. On the other hand, it requires a
considerable area to form a bandgap structure.

The purpose of this paper is to present a new method for
enhancing an isolation of a microstrip patch array antenna,
whose Tx/Rx band is located very near. In order to reduce
the mutual coupling between antennas that are located in the
same plane, a passive switching feed network is used [5]. A
new isolated soft surfaces structure that does not share the
ground plane of a patch is also used for the reduction of the
surface wave. The proposed new soft surface consists of a



number of metal mushroom-type structures that is located
near the edges of substrate, and it is not connected with a
ground plane [6, 7]. A two-by-two microstrip patch array
antenna for the indoor wideband code division multiple
access (WCDMA) repeater applications is designed and
tested experimentally.

2. Switchable Feed Network for Antenna

The schematic of a single-feed switchable feed network
is shown in Figure 1. It basically consists of two quarter-
wavelength branch lines with characteristic impedances of
Z, and Z, lengths of I, and L. Two different rectangular
microstrip patch antennas of different sizes are connected to
output ports 2 and 3. The resonant frequencies of these two
antennas are f; and f,, and the input impedances of each
antenna are Zy; and Zp,. Lengths of I; and I, are chosen as
a quarter wavelength of A,/4 and 1,/4, respectively. When a
signal with a frequency of f = f; is applied to port 1, the
input impedance of the upper branch Zi, is
Z;

Zlnl ZLI . (1)
If the resonant frequencies of two patches are very closely
located (fi = f,), the two quarter wavelength branch line
lengths become similar (/; = ). Since the patch antenna
connected to port 3 is off-resonant, the input impedance of
the antenna is almost reactive (Z;, = jX). Hence, the input
impedance of the lower branch Z;, is

Zis +jZ2 tanﬁzlz - Zizz

Zim =25 Z) + jZLz tal’lﬁﬂz - X

)
When the patch antenna was off-resonant, its input reactance
neared zero (x — 0). Using x — 0 in (2), the input
impedance of port 2 neared infinity (Zi,, — c0). Therefore,
it acts as an open circuit. As a result, the patch at port 2
would be at resonance with the patch at the off-resonant
port 3. If a signal with a frequency of f = f, is applied
to port 1, the patch at port 3 will be at resonance with the
off-resonant patch at port 2. This single-feed switchable feed
network combines two ports of a microstrip antenna with
a quarter wavelength feed line and each resonant frequency
of the antennas very closely located; it acts as an ideal
single-pole double-throw (SPDT) switch. The operation
of the single-feed switchable feed network when Z; =
Z, = Zpn = Zip = 500hm is presented in Table 1. In
order to further enhance the isolation between the ports,
microstrip/negative-refractive-index (MS/NRI) coupled line
coupler is used with the switchable feed network. An MS/NRI
coupler has advantages, compared to conventional edge-
coupled microstrip couplers in terms of coupled power and
port isolation [8]. Figure 2 shows the geometry of the 3 dB
MS/NRI coupled-line coupler for WCDMA frequency band
(1.92-2.17 GHz) applications. It consists of a conventional
MS right-handed transmission line edge-coupled with a
NRI transmission line used in its left-handed range. A
3 dB implementation of the MS/NRI coupled-line coupler
requires the equality of the magnitude at port 2 and port
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FIGURE 1: Schematic of a single-feed switchable feed network.
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FIGURE 2: Geometry of 3 dB MS/NRI coupled-line coupler.

TABLE 1: The operation of the single-feed switchable feed network.

f [GHz] Port Z; Zr Switch state
_ Port 2 500 50Q “On”

f=h Port 3 ~ 00 () jx=0Q “Off”

F=f Port 2 ~ o0 Q) jx=0Q “Off”
o Port 3 500 500 “On”

3 (IS211 = 1851]). Usually the total length of the coupler

and the spacing between the lines should be adjusted until a
3 dB coupling level is acquired. A 3 dB MS/NRI coupled-line
coupler is designed on a Rogers RO3210 substrate (relative
dielectric constant = 10.2, thickness = 2.54 mm).

The NRI transmission line was 15.7 mm long and the
MS-line was 11.5mm long. The spacing between MS/NRI
lines is 1 mm. Figure 3 presents the simulated scattering
parameter results for the MS/NRI coupled-line coupler of
Figure 2. Quasi-3 dB backward coupling is achieved over
the range from 1.7 to 2.7 GHz. The magnitudes of the
simulated S-parameter are listed in Table 2. Figure 4 shows
the geometry of the feed network for two-by-two microstrip
patch array antenna. It is fed by a 50 Q) coaxial probe and
designed on a Rogers RO3210 substrate to allow the feeding
of a four-element microstrip patch antenna array. The overall
dimension of the ground plane is 120 mm x 120 mm. The
aimed two switching frequencies of the proposed switchable
feed network are 1.95 and 2.14 GHz, respectively.

These frequencies are the center of the Tx and Rx band
in the WCDMA system. In Figure 4, all the ends of each
port of the proposed feed network for two-by-two microstrip
patch antenna are made with 50 Q) microstrip lines. The
characteristic impedances of an NRI transmission line and
the MS line were Z; = 90Q and Z, = 750, respectively.
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FIGure 3: Simulated S-parameter results for the MS/NRI coupled-
line coupler of Figure 2.

TaBLE 2: Simulated S-parameters for the MS/NRI coupled-line
coupler.

S-parameter 1.95 GHz [dB] 2.14 GHz [dB]

Sn -12.5 -13.4
Sn -3.3 -3.6
Sa1 -3.6 -3.1
Sa -27.5 —32.5

TaBLE 3: Simulated S-parameters of the feed network for a four-
element microstrip patch array.

Frequenc
[ ngl Y 1.94 2.15
Port isolation [dB]

Without With Without With
S-parameter MS/NRI MS/NRI MS/NRI MS/NRI

coupler coupler coupler coupler
S —15.18 —18.81 —11.18 —18.78
S —14.66 —24.73 —-12.20 —-17.12
S5 -7.03 -23.25 -7.8 -19.57
S3 —15.18 —19.81 —11.18 —23.09
S34 —-8.50 —24.01 —8.04 -30.99
S35 —16.88 —26.69 —10.43 -18.91
Si —14.66 —24.73 -12.20 -17.10
Si3 —8.50 —24.01 —8.04 -30.99
Sus —16.31 —18.26 —11.67 —20.54
Ssy -7.03 —-23.25 -7.8 —-19.57
Ss3 —16.88 —26.69 —-10.43 -18.92
Ss4 —16.04 —18.26 —-11.67 —20.54

In order to match these impedances with 50 Q) port, a single
section of quarter wavelength impedance transformer was
added. The proposed feed network was designed by using

120mm
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FIGURE 4: Geometry of the feed network for two-by-two microstrip
patch array antenna.
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FIGURE 5: Geometry of the proposed switchable feed network for
two-by-two microstrip patch array antenna.

switched feeder network and a signal was excited at port 1
as shown in Figure 4. When the antennas connected at port
2 and port 4 were in an on state, the antennas connected at
port 3 and port 5 were in an off state. However, the proposed
switchable feed network shown in Figure 1 can operate when
the antennas are connected at each port.

For the simulation of the port isolation, all the ends
of each port were terminated with microstrip patch anten-
nas. The simulated scattering parameters of the proposed
switchable feed network compared to those of the switchable
feed network with/without MS/NRI coupled-line coupler are
listed in Table 3. The switchable feed network with MS/NRI
coupled-line coupler exhibits much higher isolation than
the switchable feed network without MS/NRI coupled-line
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FIGURE 7: Geometry of the proposed indoor WCDMA repeater antenna.

coupler. When the MS/NRI coupled-line coupler was not
used, the scattering parameters (Sys5, S34, Ss2, Si3) between
two antennas showed lower isolation. Since the patch
antennas were designed to be excited at their fundamental
resonant mode (TMy), strong coupling is produced between
two antennas that are placed parallel to the radiating edge
direction. It can be seen that the minimum isolation levels
between the output ports exceed —18dB at the aimed
two switching frequencies of the proposed switchable feed
network.

3. Antenna Design

Figure 5 shows the geometry of the two-by-two microstrip
patch array antenna using the proposed switchable feed
network and proximity coupled square microstrip patch
elements.

The antenna consists of three-layer structure: an air layer
having a thickness of 1 mm, a dielectric substrate layer,
and a stacked microstrip patch layer. The square microstrip
patches are fed by microstrip lines from perpendicular
directions using the proximity coupled method. This switch-
able feed network was designed to achieve beam pattern
reconfigurable array antenna, which generates +45° linearly
polarized slanted beam patterns at the Tx/Rx frequency
bands. In order to dual slant beam, two Rx and Tx microstrip
patch elements were placed orthogonally. Figure 6 shows
the simulated surface current distribution at the resonant
frequency of 1.95GHz (Tx) and 2.15GHz (Rx). At the
frequency of 1.95GHz, two patch antennas for Tx band
are resonant, and two patch antennas for Rx-band are off-
resonant. As a result, most of the surface currents flow
through the feed line for Tx-band antennas. On the other
hand, at the frequency of 2.15 GHz, two patch antennas for
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FIGURE 8: Parallel plate waveguide model with different sizes of unit cells.

Rx band are resonant. The perspective view of a microstrip
patch array antenna system for the indoor WCDMA repeater
is shown in Figure 7. The proposed repeater antenna consists
of a server antenna, a donor antenna, and alumina housing.
It occupies a volume of 180mm X 180 mm X 20 mm.
In order to reduce the surface waves radiation from a
server antenna and a donor antenna, corner-edged via
mushroom-type unit cells are formed near the edges of the
upper dielectric substrate. Figure 8 shows the parallel plate
waveguide model with different sizes of unit cells and the
results of the simulated transmission characteristics as a
function of frequency. As shown in Figure 8(b), the unit cell
consists of two parallel rectangular plates with the same size
(w = 1) and a corner-edged via. The height of the via is
1.27 mm. Inside two rectangular plates, dielectric material
(relative dielectric constant = 10.2, thickness = 1.27 mm) is
placed. The transmission coefficient S,; of the parallel plate
waveguide ports without cell exhibits near —43 dB, as shown
in Figure 8(c). When the unit cell is inserted between two
parallel plate waveguides, a stop band occurs at a certain fre-
quency.

It depends on the physical size of the unit cell However,
the bandwidth of each stop band shows very narrow
characteristics due to the resonant nature of the unit cell
and a high dielectric constant of the substrate. In order to
cover the bandwidth within the WCDMA frequency band,
three different sizes of unit cell array configuration structure
(w=1=6.6mm, 7.0mm, 7.4 mm) were used in this work.
In addition, a server antenna and a donor antenna backed by
the alumina housings are arranged in orthogonal direction
in order to get higher isolation between two antennas.

4. Experimental Result

The photographs of the fabricated two-by-two microstrip
patch array antenna structure are shown in Figure 9. The
switchable feeder layer and a stacked microstrip patch layer
are etched on a Rogers RO3210 substrate (relative dielectric
constant = 10.2) having different thickness of 2.54 mm
and 1.27mm, respectively. The characteristic impedance
of each of the two branch feed lines from the coaxial
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F1GURE 9: Photographs of the fabricated two-by-two microstrip patch array antenna.
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FiGURE 10: Measured return loss and isolation characteristics of
two-by-two microstrip patch array antenna.

probe was 100 Q and the input impedance of each of the
patch elements with a proximity coupled microstrip feed is
50 Q. A comparison of the measured return loss ($;;) and
isolation (S;1) between a server antenna and a donor antenna
with/without isolated soft surface unit cells is shown in
Figure 10. It is noted that the resonant frequencies are barely
changed.

In the higher and lower bands, the measured —10dB
return loss bandwidths are about 84 MHz and 96 MHz,
respectively. It meets the bandwidth requirement for
WCDMA (1.92-2.17 GHz) applications. Compared to the
fabricated antenna without isolated soft surface unit cells,
the fabricated antenna with isolated soft surface unit cells
exhibits higher isolation level. When the isolated soft surface
unit cells are used, the maximum isolation level at the
frequency of 1.94 and 2.15GHz is —92dB and —-70dB,
respectively. The measured far-field radiation patterns in
the x-y plane (8 = 0°) and y-z plane (¢ = 0°) at the
frequency of 1.94 and 2.15 GHz are shown, respectively, in
Figure 11. It shows linear polarized radiation patterns, and
the main direction of the radiated power was changed due
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FIGURE 11: Measured far-field radiation patterns of the fabricated antenna.

to the placement of two patches. The main beam direction
was slanted about —45° for the lower band (Tx) and +45°
for the higher band (Rx). The measured peak gain/radiation
efficiency for Tx/Rx band was 7.1 dBi/77% and 8.9 dBi/80%,
respectively.

5. Conclusion

The new techniques for the isolation improvement of a
microstrip patch array antenna have been presented. The
two main techniques presented here are (1) the single-feed

switchable feed network structure with MS/NRI coupled-
line coupler for higher isolation level and (2) the isolated
soft surface unit cells structure for reducing the surface
waves. Both structures have been discussed in the paper
through proper numerical simulation. In order to improve
the isolation further, the server antenna and donor antenna
for an indoor repeater system were placed orthogonally.
As a result, the fabricated server and donor antennas have
small separation of 20 mm and exhibit higher isolation level.
Experimental results shows that the maximum isolation level
at the frequency of 1.94 and 2.15 GHz is —92 dB and —70 dB,
respectively. The proposed techniques can be easily used for



the design of the microstrip patch array antenna with higher
isolation level.
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