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Abstract The paper presents a combination of microstrip and CPW fed semicircular patch
antennas for UWB polarization diversity applications. The overall size of the diversity
antenna is 40 mm x 40 mm x 1.6 mm. Both the patches are placed in an orthogonal
arrangement to provide polarization diversity and to improve the isolation. The measured
impedance bandwidth is from 3.0 to 10.6 GHz for the CPW fed antenna while it is from 2.7
to 11.0 GHz for the microstrip fed antenna. An extra operating band is obtained at around
1.2 GHz (measured) due to the common ground plane. The measured isolation is between
20 and 25 dB over most of the band. A detail parametric study is done to analyze the effect
of the different parameters on the return losses of both the ports and the isolation between
them. The radiation patterns are measured and found to be omnidirectional in the H-plane
and dumb-bell shape in the E-plane. The peak gain is between 3 and 5 dBi over most of the
band while the radiation efficiency is more than 80 %. Diversity parameters such as
envelope correlation coefficient and diversity gain are also calculated and found to be
within acceptable limits. The antennas will be useful for diversity applications in the ultra
wideband region and for GSM/GPS applications in the first operating band.

Keywords UWB antenna - Diversity antenna - Microstrip feed - CPW feed - Patch antenna

1 Introduction

In 2002, the Federal Communications Commission (FCC) has released for unlicensed use,
a frequency band from 3.1 to 10.6 GHz, named the Ultra Wide Band (UWB). UWB has
many advantages such as huge bandwidth, low power, carrier less transmission and high
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data rate (more than 200 Mbps) when compared to conventional narrowband communi-
cation systems. Hence, this technology has attracted many researchers to work in this field.
Most of the UWB antennas proposed in the literature use the microstrip feed or the CPW
feed technique. Some of the CPW fed patch antennas working over UWB are reported
[1-3]. In [1], a 25 x 25 x 1.6 mm®> CPW fed UWB patch antenna is proposed. The
antenna has an inverted L-strip patch and offers good impedance matching from 2.6 to
13.04 GHz covering the entire FCC band. In [2], a novel CPW fed monopole antenna for
WIiMAX/WLAN applications is proposed. The antenna has an overall size of
25 x 25 mm” and operates over three bands covering 2.14-2.85, 3.29-4.08 and
5.02-6.09 GHz. In [3], an L-shaped planar monopole and an I-shaped open stub antenna is
proposed for ultra wide band applications. The antenna has a bandwidth covering the
3-11 GHz frequency range. The antenna has overall size of 25 x 30 mm? Some of the
partial microstrip fed patch antennas are reported [4, 5]. In [4], an UWB slot antenna fed by
CPW is introduced having triple band notch function. The overall size of the antenna is
40 x 22 x 0.8 mm®. The antenna has a bandwidth from 2 to 12 GHz including notches at
2.4,3.5 and 5.5 GHz with VSWR <2. A small UWB planar monopole antenna is proposed
in [5] consisting of diamond shaped patch covering the frequency bands, 1.3, 1.8, 2.4 and
3.1-10.6 GHZ. The antenna has overall size of 16 x 22 mm?.

A problem encountered in UWB high data rate wireless communication systems is the
fading of the information signal. In order to reduce this fading and increase the capacity of
the channel, antenna diversity technique is used, where two or more antennas are placed at
the transmitter and the receiver. Some diversity antennas are published in open literature
[6-10]. In [6-8], by using orthogonal orientation between the elements, wideband inter-
port isolation as good as 15-17 dB is reported over the UWB spectrum. In [9], a polar-
ization diversity antenna having overall size more than 104 x 108 mm? is introduced,
which consists of two fork shaped CPW-fed antennas placed orthogonally with an inverted
U-shaped strip. The antenna is quad band having frequencies centered at 1.9, 2.4, 3.5 and
5.5 GHz. In [10], a multiband E-shaped monopole with overall size more than
70 x 76 mm? is introduced for multiple-input-multiple-output (MIMO)/Diversity appli-
cations. The antenna covers 2.4, 5.4 and 5.8 GHz frequencies of WLAN. In [11-15], the
isolation enhanced by minimising the induced current over the common ground by mod-
ifying it. Several different geometries have been reported as a defected (partially cutaway
and/or extended) ground such as a tree-like structure [11], two T-shaped stubs [12],
multiple stubs [13], inverted Y-slots [14] and a rectangular slot [15] to improve the inter-
port isolation between the two antennas. The results published in [11-15] reveal the two-
port isolation level in the range of 15-20 dB in operating band. In all, it clear either the
diversity antenna reported having complex structure with large size or low isolation
between two-port.

The antenna proposed in this paper consists of two orthogonally placed semi-circular
metallic patches excited using microstrip and CPW feed lines with overall size of
40 mm x 40 mm x 1.6 mm. To reduce the coupling between the two radiating elements,
a cross shape slot stub is placed at the intersection of the ground planes of the two
antennas. The antennas offer impedance bandwidth satisfying the FCC UWB criteria while
the isolation varies from 20 to 25 dB over most of the operating band. In the following
sections, the antenna geometry is outlined followed by simulated and measured results, and
parametric studies.
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2 Antenna Design

Figure 1 shows detailed geometry of the proposed diversity antenna which is printed on
FR-4 substrate. The substrate has relative permittivity of 4.4, loss tangent of 0.025 and
thickness of 1.66 mm. The overall size of the proposed antenna is L. x W. The proposed
antenna consists of two semi-circular shape monopoles with one CPW fed and other
microstrip fed. The semi-circular shape discs have a radius r = 10 mm and rotated by 45°
from the vertical. The ground plane consists of various slits of semicircular and rectangular
shapes inserted for the purpose of impedance matching. One half of the ground plane on
the CPW and the microstrip side is shaped in the form of a triangle. The triangular ground
plane on the CPW side has one of its corners blended. To improve the isolation, a cross
shaped slot is added in the ground plane between the two antennas. The optimized
dimensions of the antenna are given in Table 1.

3 Simulation of Individual Monopole Antenna and Diversity Antenna

The two port antenna consists of two monopoles; one fed by a CPW and one fed by a
microstrip feed. The monopoles have a semi-circular disc shape. The return loss charac-
teristics of the individual monopoles (without the other element) are compared with the
return loss characteristic of the combined structure in Fig. 2a, b. The impedance band-
widths are also compared. Here, the impedance bandwidth is defined as the range of
frequencies over which the reflection coefficient is below —10 dB. A reflection coefficient
<—10 dB implies a mismatch (between the antenna element and the 50 Q connected port)
of <10 % or more than 90 % of the input energy accepted by the antenna. A 6-dB return
loss is also used for marking the bandwidth in some applications such as mobile phones. It
is seen that while the impedance bandwidth of the microstrip fed monopole is from 2.3 to
11 GHz, the impedance bandwidth of the single CPW fed monopole is from 2.1 to

Front side Back side

Fig. 1 Geometry of the proposed antenna
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Table 1 Optimized dimensions

of the antenna (in mm) Label Size Label Size

Label Size Label Size

a 11 E 2 i 7 m 6
b 34 F 4 2 n
c 13.7 G 12 k 3 o 12
d 1.5 H 11.5 1 10.6 p 2
r 10 T 13.5 u 3 \ 12
L 40 w 40
(@ o N
A\ microstrip fed
. . . monopole in
single microstrip combination with
fed monopole CPW fed o
10 antennz ’
J V
7]
]
°
£
2 20
x ‘
30 i
0 2 4 6 8 10 12
Frequency (GHz)
(b) 0 e — ! ! ! 1
LT iSingle CPW | CPW fed monopole
ifed monopole in combination with
: : microstrip fed
antenna ‘.,};",_',—._l:_-:,.

Return Loss (dB)

Frequency (GHz)

Fig. 2 Comparison of the return loss of a the microstrip fed without and with the CPW fed element and

b the CPW fed antenna without and with the microstrip element

9.6 GHz. When the antennas are combined and a cross shaped slot is added to the ground
plane, the impedance bands on both the sides are shifted to the higher side along with some
extra resonances (dips seen in the reflection coefficient curves) in the operating band. More

importantly, an extra resonance is obtained near 1 GHz due
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4 Simulated and Measured Results

The proposed antenna is simulated on CST Microwave Studio and fabricated with the
optimized dimensions. The fabricated prototype of the proposed antenna is shown in
Fig. 3a. A Vector Network Analyzer (Rohde and Schwarz ZVA-40) is used to measure the
return loss and the isolation of the fabricated diversity antenna. The simulated and mea-
sured S-parameters are compared and shown in Fig. 3b—d. The return loss is taken as the
negative of the reflection coefficient S; and isolation is taken as the negative of the
transmision parameter S,;. In general, a good agreement between the simulated and
measured results can be seen while some frequency shift between the two (for all the
curves) is due to the reflection from the SMA connector and uncetainty in dielectric
substrate and fabrication tolerances.

From the return loss curve of the CPW fed antenna (Port 1), it is seen that the measured
bandwidth starts from 3 GHz and extends up to 10.6 GHz, whereas in case of the
microstrip fed antenna (Port 2), the bandwidth is from 2.7 to 11 GHz. An additional
resonance near 1.1 GHz for the simulated curve and near 1.2 GHz for the measured curve
is also seen. This band is obtained due to the extended ground plane in case of a two port
antenna and does not appear in case of individual monopole (Fig. 2). Figure 3d shows the
isolation between both the radiators. It is more than 20 dB at higher frequencies from
5.3 GHz onwards and around 15 dB at lower frequencies.

5 Current Distribution

Figure 4 shows the simulated surface current distribution of the proposed antenna at
various frequencies. Figure 4a shows the current distribution at 3, 4.14, 5.53 and 7.85 GHz
when the CPW fed antenna (Port 1) is excited and Fig. 4b shows the current distribution at
2.85, 3.82, 5.35 and 6.09 GHz when the microstrip fed antenna (Port 2) is excited. The
frequencies at which the current distribution is shown are the resonance frequencies seen in
the return loss curves of the CPW fed antenna (S;,) and the microstrip fed antenna (S,,). It
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PORT 2 i
(Microstrip fed monopole) -

~
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=

Frequency (GHz)
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Fig. 3 a Fabricated antenna, b Sy, return loss of the CPW fed antenna, ¢ S,,, return loss of the microstrip
fed antenna, d S,;, coupling between the ports
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S 04 4 e

3 GHz 4.14 GHz Port 1 5.53 GHz 7.85 GHz
2.85 GHz 3.82 GHz Port 2 5.35 GHz

6.5 GHz, Port 1 6.5 GHz, Port 2

Fig. 4 Surface current distribution for the CPW fed antenna (Port 1 excitation) and the microstrip fed
antenna (Port 2 Excitation) at some frequencies

|__ r=9mm — r=10mm =+ r=11mm ---r=12mm| == r=9mm —r=10mm --+ r=11mm ~--r=12mm

Frequency (GHz)

s r=1imm == r=12mm

12
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Fig. 5 Simulated results of a CPW fed antenna return loss, S;; b microstrip fed antenna return loss, S, and
(c) Coupling, S, for different values of ‘r’
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is seen that among all the frequencies, the current distribution is more on the semi-circular
patch at 4.14 GHz in case of the CPW fed antenna (Port 1 excitation) and at 3.82 GHz in
case of the microstrip fed antenna (Port 2 excitation). Hence, it can be said that these
resonances are directly related to the patch for those two ports. Also shown in the bottom
layer of Fig. 4 are the current distributions at one of the frequencies where the isolation is
good (6.5 GHz) as seen from the S,; curve. From the figure, it can be seen that the cross
shape slot stub placed in the ground plane absorbs some of the current and helps in
improving the isolation by blocking the flow of current into the other port.

6 Parametric Studies

A detailed study of the effects of the various parameters on the performance of the antenna
was carried out and explained in the following section. The parametric study is done to
analyze how the various parameters affect the results and to obtain the optimized values.

6.1 Radius of the Patch

Figure 5 shows different curves of the simulated S-parameters for various values of radius
of the semi-circular patch given by ‘r’. As seen from Fig. 5a, b, as the radius increases, the
lower cutoff frequency and the resonance near 3 GHz shift to the lower side. The first
resonance near 1 GHz is also found to be lowered. When the radius is increased beyond
10 mm, the return loss degrades at 4, 6 and 8 GHz for the CPW fed antenna (Port 1) and at
3.2 and 5.8 GHz for the microstrip fed antenna (Port 2). On the other hand, a smaller value
of radius such as 9 mm has decreased the isolation at 5 GHz. Hence, the radius of patch is
fixed to 10 mm.

6.2 Depth of the Slot Over the Microstrip Line

Figure 6 shows the variations in the S-parameters depending upon the depth of the slot
placed over the microstrip line and indicated by ‘m’ in Fig. 1. For m = 5 mm, the return
loss (negative of S;;) is more over most of the frequency band at 3.7 GHz. By increasing
the value of ‘m’, the upper cut-off frequency (beyond which S|, increases above —10 dB)
reduces and hence the bandwidth is reduced but the return loss improves (increases) near
3.7 GHz. Hence, the depth of the slot was fixed at 6 mm. The isolation did not get much
affected due to the variations in value of ‘m’ as shown in Fig. 6b.

(a) 0 "- m=5Smm — m=6mm -~ m=7mm =--m=8mm (b) 0 /\ \“ m=5mm — m=6mm ***-'m=7mm =--m=8mm
F\ . ., 15 P
| 7
¥

S,, (dB)
PO
=S

Frequency (GHz) Frequency (GHz)

Fig. 6 Simulated results of a CPW fed antenna return loss, S;; and b coupling, S,; for different values of
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6.3 CPW Ground Corner Blend Value

The blending (rounding) of the upper left edge of the CPW ground plane has its effect on
the return loss of the CPW fed monopole as seen from Fig. 7. The radius of the blending
arc is denoted by ‘p’ in Fig. 1. For p = 1 mm, return loss is <10 dB over the frequency
range of 7-8.3 GHz. Hence, instead of a continuous operating band (S;; < —10 dB) from
3 to 10 GHz, two separate bands are obtained. When the blend radius is increased, return
loss increases near 8 GHz and an ultra wide impedance bandwidth from 2.3 to 10 GHz is
obtained. Hence the value of the blend was fixed at p = 2 mm.

6.4 Radius of Semicircular Slit in the Ground Plane

The effect of the radius of the semi circular slit in the ground plane on the return loss and
the isolation is shown in Fig. 8. This radius is denoted by ‘f” in Fig. 1. It can be seen from
Fig. 8a that the variation in the radius of the semicircle has not much affected the return
loss of the CPW fed monopole antenna. But from Fig. 8b, it is seen that the isolation in the
frequency range of 6-9 GHz significantly depends on this radius. For f = 2 mm, the
isolation is around 15 dB in the region and a gradual increase in the radius has improved
the isolation. At the same time, an increase in the radius to beyond 4 mm deteriorates the
return loss near 3 GHz and hence not followed.

6.5 Gap Between Microstrip Fed Patch and Ground

The next parameter analyzed is the height of the microstrip fed semi-circular patch above
the ground plane. This parameter is denoted by ‘x’ in the study and in terms of the antenna
parameters shown in Fig. 1 and valued in Table 1, is equal to ‘t — o’. The design was
analyzed for different values of x and the effects on the return loss and the isolation are
shown in Fig. 9. The separation between the patch and the ground is very crucial for the
return loss of the antenna as it directly controls the amount of coupling between the
antenna and the ground plane. As shown in Fig. 9a, a lower value of the separation
deteriorates the return loss characteristic (decreases its magnitude) of the microstrip fed
monopole over most of the frequencies whereas a higher value such as 3.5 mm deteriorates
(decreases) it near 8 GHz. Hence, the gap is optimized to 1.5 mm. The gap also effects the
isolation particularly at higher frequencies. While a smaller gap improves the isolation on
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Fig. 7 Simulated values of microstrip fed antenna return loss, S, for different values of ‘p’
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Fig. 8 Simulated values of a microstrip fed antenna return loss, S,, and b coupling, S, for different values
of ‘f’
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Fig. 9 Simulated values a CPW fed antenna return loss, S1; and b coupling, S,; for different values of ‘x’

higher frequencies, it deteriorates the return loss; increasing the gap deteriorates the iso-
lation. Hence, an intermediate value of x = 1.5 mm was chosen for fabrication.

7 Radiation Patterns, Efficiency and Peak Gain
7.1 Radiation Patterns

The farfield radiation of the proposed antenna consisting of the simulated and measured
E-plane and H-plane radiation patterns are shown in Fig. 10 for both the ports. When the
CPW fed antenna (Port 1) is excited, the microstrip feed (Port 2) is terminated by a 50-ohm
line and vice versa. The radiation patterns are measured in an in-house anechoic chamber
and the measured results compared with the simulated ones show a proper agreement. The
co-polarized gain is seen to have a dumbell shape in the E-plane whereas an omni-
directional patterns in the H-plane. The radiation patterns are stable over the operating
range of the antenna. The radiation patterns for the CPW fed antenna (Port 1) are shown at
4.0, 5.6, 7.4 and 10.0 GHz for the E-plane and at 4.0, 5.6, 7.8 and 10.0 GHz for the
H-plane. For the microstrip fed antenna (Port 2), the radiation patterns are shown at 4.0,
5.6, 7.4 and 10 GHz for the E-plane and at 4.0, 6.0, 7.4 and 10.0 GHz for the H-plane.

7.2 Radiation Efficiency

Next shown are the simulated radiation efficiencies at both the ports in Fig. 11. The
radiation efficiency generally shows the relation between the power delivered to the
antenna and the power radiated by the antenna. From the figure, it is seen that the radiation
efficiency is almost above 90 % at lower frequencies and decreases gradually to 80 % at
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Port 1
(@) E Plane (XZ-Plane) H Plane (YZ-Plane)
Gain Theta (Co-Pol)  Gain Phi (Cross-Pol)  Gain Phi (Co-Pol) Gain Theta (Cross-Pol)
Sim. --- Meas. — Sim, =+ Meas. ——- im. ...... Meas. -.-. Sim. =-- Meas. —

90 dB
0

180°

Fig. 10 Radiation patterns for the a CPW fed antenna (Port 1) and b microstrip fed antenna (Port 2)

higher frequencies. The decrease in the radiation efficiency at higher frequencies is due to
the increased frequency dependent copper and substrate losses.

7.3 Peak Gain

The peak gain is simulated and measured for both the ports. The simulated and measured
peak gains are compared and shown in Fig. 12. The simulated peak gains for both the ports
are almost equal. In case of the measured peak gains, some difference is noted over the
frequency range of 5-8 GHz. The peak gain varies between 0 and 5 dBi over the operating
bandwidth. The difference seen between the simulated and measured gains at lower fre-
quencies is due to the characteristics of the reference horn antenna used in the measure-
ment system. In general, the gains tend to increase with frequency due to an increase in the
effective area of radiation at higher frequencies.
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Fig. 12 Measured and simulated 10
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8 Diversity Parameters
8.1 Envelope Correlation Coefficient

Envelope correlation coefficient is one of the parameters used to evaluate the diversity
performance of an antenna. In case of multiple antenna systems, signals from one antenna
may have a correlation with the signals from the other antenna. For good diversity per-
formance its value should be <0.5 [16, 17]. The extent to which these signals are correlated
is described by the envelope correlation coefficient. The envelope correlation coefficient
can be calculated from the simulated or measured Scattering parameters by using Eq. (1).
This is very simple method of calculating the envelope correlation coefficient depicted in
Fig. 13.
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* % 2
|S7,521 + 87,50
p= 2 2 2 2 (1)
[ (1= 151 = 152) (1 = 122 = I512P?)

It can be seen from the figure, that the simulated and measured correlation coefficients
are below 0.002 and hence very less as desired.

8.2 Diversity Gain

Diversity gain is another important parameter for evaluating the diversity performance of
the proposed antenna. Usually, it is evaluated when the envelope correlation coefficient
<0.5 [17]. Its value should be closer to 10. Equation (2) is used to calculate the diversity
gain of the antenna [18]. Equation (2) implies that the diversity gain is related to the
envelope correlation coefficient and a lower value of ECC implies a higher diversity gain.
Figure 14 shows a comparison of simulated and measured diversity gain of the antenna

which is almost equal to 10.
G =101 |p, )

9 Conclusions

A semicircular patch antenna with CPW and microstrip feed is proposed for diversity
applications. The patch fed by the CPW and the patch fed by the microstrip feed are placed
orthogonal to each other. The antenna has a measured impedance bandwidth of
3-10.6 GHz at one of the ports (CPW feed) and a bandwidth of 2.7-11 GHz at the other
port (microstrip feed). The measured isolation varies between 20 and 25 dB over much of
the band. An additional operating band suitable for GSM/GPS applications is realized at
1.2 GHz due to the common ground plane. The simulated and measured results are in good
agreement. The radiation patterns along with peak gain and radiation efficiency are also
presented. Diversity parameters such as envelope correlation coefficient and diversity gain
are also calculated and acceptable. Such type of diversity antenna is suitable for
portable and mobile ultra-wideband applications. An array formed of such antennas will
also be useful for high gain imaging and surveillance radar applications.
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