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Abstract — In this paper, a coplanar waveguide
(CPW)-fed microstrip antenna for ultra wideband
application is presented. By using two branches of
microstrip line and two slot lines on the antenna,
two notches for interference bands has been
created. The antenna has a rather compact
structure; with total size of 25 x 25 x 1 mm?®. This
antenna covers bandwidth of more than 137%
from 2.96 GHz to 16 GHz for S;;< -10 dB.

Index Terms— Coplanar waveguide (CPW),
microstrip antennas and dual band-notched, ultra
wideband (UWB),

I. INTRODUCTION

After allocation of the frequency band of 3.1-
10.6 GHz (UWB) for commercial use by the FCC
(Federal Communication Commission) in 2002
[1], the requirements and attentions towards the
UWB system are due to its inherent merits such as
high data rate, small emission power, highly
secure environment, low cost for short range
access, and remote sensing applications. But there
are many narrowband communication systems
which severely interfere with the UWB
communication system. Most notable among them
are the Wireless Local Area Network (WLAN)
and Worldwide Interoperability for Microwave
Access (WiIMAX), which operate with the center
frequencies of 5.2 GHz (5150-5350 MHz), 5.8
GHz (5725-5825 MHz) for WLAN and 3.5GHz
(3400-3690 MHz), 5.5 GHz (5250-5850 MHz)
bands for WiMAX. To mitigate this interference
problem, various UWB antennas with band

Submitted On: Jan. 23, 2012
Accepted On: April 1, 2012

notched characteristics have been developed [2-7].
CPW monopole antennas have became popular
due to wide operation bandwidth, good radiation
pattern, simple structure, planar, light weight and
easy integration of monolithic microwave
integrated circuits (MMIC). In this paper, a CPW-
Fed UWB antenna with dual band notched
features is presented. The two notched bands
minimize the potential interference between the
UWB system and WLAN/WiIMAX narrow band
communication systems.

The proposed antenna can be used in UWB
systems which need no filter to suppress
dispensable bands. Both Ansoft high frequency
simulation structure (HFSS) [8] and computer
simulation  technology  (CST) [9] 3-D
electromagnetic EM simulators are used to
optimize the presented design. The proposed
antenna with the dual-band notch is successfully
implemented and the simulation results show
reasonable agreement with the measurement
results. Section Il describes the antenna design,
discussions on results is presented in Section IlI
followed by conclusive comments and further
scope in Section 1V.

I1. ANTENNA DESIGN

The geometry of the proposed CPW-fed
antenna for UWB applications is depicted in Fig.
1; also the optimized parameter values are listed in
Table 1.

Characteristic impedance of CPW feed line is
approximately 50 ohm with the center line width
W=3mm, and gap width W¢=0.3mm. The CPW
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antenna has been designed based on the idea
presented in [10]. Figure 2 exhibits the fabricated

antenna.
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Fig. 1. The antenna geometry and its design
parameters.

Table 1: Optimal parameter values of the antenna
Ls W Ly Wi Lg Wg ng

25 25 6 3 5 10.7 | 0.3
Lpy We | Wer | Lpp | Wey | Lpg | Wes
12 15 | 3.45 6 2 2 1
Lie | Wep | Lep | Wsp | We | Wep | Ly
5 10 | 166 | 0.3 7 1.7 | 0.3
Lsy Lo | Whn | Lp | W | & h
1 1251075 25 |125| 44 1
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Fig. 2. Photograph of the fabricated antenna.

Total size of the referenced antenna is 30x%
26x1.6mm’, and its bandwidth is from
approximately 3 GHz up to 11 GHz (114%), but
the size of the proposed antenna in this letter is
25x25ximm® which its area 20% has been
decreased while both of them have been printed on
a low cost FR-4 substrate with dielectric constant
of 4.4. Meanwhile, bandwidth of the proposed
antenna is from 2.96 GHz up to 16 GHz (137%)
which 23% has been increased. To increase
bandwidth has been used the technique of step
shape of [11] and also to create notch has been
needed to a resonance, so the authors have
designed two branch strip lines which this
technique has been inserted from [12]. The
modifications have been performed on the
rectangular patch to improve its operating
bandwidth and also to create two notches for
WIMAX and WLAN bands. After obtaining
values of W; and Wy, it is needed to match
between the patch and the feed line, there for used
a rectangle with length of Ly and width of Wy
respectively with values 5, 10mm respectively has
been used. In the next stage, to improve the
impedance bandwidth has been applied from the
two step shapes in the both sides of rectangular
patch with lengths and widths respectively Lp,, Lps
and Wp,, Wps and the optimized values are
summarized in Table 1. Also, the Trident feed
technique has been applied for further
improvement of bandwidth, where two branches
have been used to connect the matching rectangle



into the main patch. Physical dimensions of the
trident as Ly and Wy, are illustrated in Fig. 1.

In order to create two resonant frequency
centers at 3.4 GHz and 5.5 GHz, there have been
used two techniques as follow:

1- Using two slot lines on both sides of the patch
with lengths of A/4.

2- Using two branch strip lines over the main
patch.

In the next section, the antenna design
procedure will be dealt, and the effect of various
parameters on reflection coefficient will be
discussed.

11l. ANTENNA PERFORMANCE AND
DISCUSSION

A. Full-band design

In this section, the design procedure of the
CPW fed UWB antenna with reflection coefficient
curves are demonstrated. Note, that the simulated
reflection coefficient results are obtained using the
HFSS and CST software. At first, the effect of
width variation of the matching rectangle (W),
which has connected the feed line into the radiated
(radiation) patch, on bandwidth was studied. With
regard to Fig. 3, it is clear that the best value for
Wie is 10mm.
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Fig. 3. Reflection coefficients for different values
of Wip.

Here, the proposed methods result in
bandwidth enhancement of the impedance. The
first, secondary branches are added on both of
sides of the rectangle and effect of them on
reflection coefficients is visible in Fig. 4. From
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this figure, it can be seen that the secondary
branches improve the bandwidth more than 1 GHz
on the upper band.

Reflection Coefficient (dB)

2 4 6 8 10 12 14 16
Frequency (GHz)

Fig. 4. Reflection coefficients for the antenna with
and without the secondary branches.

Figures 5 and 6 show the effects of Step 1 and
Step 2 on the reflection coefficient, respectively.
Figure 5 exhibits that, the result of Step 1 is an
improvement in the middle and upper bands.
Likewise, from Fig. 6, it is clear that, effect of
Step 2 is the expansion of the lower band of the
antenna’s bandwidth.

Reﬂlectioln Colefficilent (dB)

4 6 8 10 12 14 16
Frequency (GHz)

Fig. 5. Simulated reflection coefficients for the
antenna with and without Step 1.

Although the bandwidth of the middle band is
decreased, but the antenna designer’s main goal is
to cover the defined UWB bandwidth by FCC, so
it can be concluded that being the Step 2 for the
proposed antenna is useful. With the accomplished
modifications on the antenna, as Fig. 6 depicts, the
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simulated bandwidth of the antenna has been
enhanced more than FCC defined frequency range
and has been obtained from 2.29 to 16 GHz.
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Fig. 6. Simulated reflection coefficients for the
antenna with and without Step 2.

B. Single-notch design

In the next stage, the antenna designer’s aim is
to create the notches on the bandwidth by using
various techniques such as slotting in the patch
and adding microstrip lines over the patch. For
this, it is better to be looked at Fig. 1 once again.
For the proposed antenna are used two techniques
to create notches at the center frequencies of 3.4
and 5.5 GHz. In other words, the antenna has the
capability of filtering the interference bands of
WLAN and WiMAX. In general, the length of the
slot has the inverse relationship with frequency
and type of substrate.

1+&,

Ere = Tg (1)
_Ag _ 300

L= 4 4f(GH2)[ere (mm) 2)
_Ag_ 300

L= 2 7 2f(GH2)fere (mm) (3)

By simulations, it can be found when slots are
inside of the patch, like the U-shaped slot, the
length of slots is A¢/2, but there is another way to
decrease the length of slots down to A4/4 like the
used slot in the proposed antenna, on the other
hand, the using of slots in which a side of them are
not insight of patch. It means that the slot is started
from the outer edges of patch. To understand
more, the function of the slots in the design, the
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characteristics of three designs of without strip
lines are compared with each other. The simulated
results have been plotted in Fig. 7.
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Fig. 7. Simulated reflection coefficients for the
antennas with and without slots.

As shown in Fig. 7, it is found that by using
slots, the notch can be created in the impedance
bandwidth. To adjust the notch bandwidth at the
frequency band from 5150 MHz to 5850MHz
(WIMAX and WLAN) is used from the two sub
slots. With regard to Fig. 7, by the sub slots can be
shifted the central frequency of notch and also can
be increased the amplitude of notch. There is the
other point in a way that to enhance magnitude of
notch is applied from the two slots on the both
sides of the patch instead of one slot.

C. Another single-notch design

In this antenna to create the other notch at
frequency band of 3.3 to 3.69 GHz (WiMAX) has
been used the two strip lines over the patch.
Figure 8 illustrates simulated reflection coefficient
characteristics for the antenna with and without
strip lines. To increase the magnitude on the
notched band two strip lines has been used instead
of one strip line. The proposed antenna has been
implemented based on the dimensions presented in
Table 1.

The VSWR of the proposed antenna has been
measured using an Agilent E8362B network
analyzer in its full operational span (10 MHz-20
GHz). The simulated and measured VSWR of the
fabricated antenna are depicted in Fig. 9.
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Fig. 8. Simulated reflection coefficients for the
antennas with and without the strip lines.
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Fig. 9. Simulated and measured VSWR for the
proposed antenna.

The results show that the antenna impedance
bandwidth extends from 2.96 up to 16 GHz, as
high as 137%. It is apparent that the presented
antenna can be used for higher frequencies above
the FCC band. This behavior almost was predicted
from HFSS and CST simulators. Good agreement
between simulated and measured results is
observed and a bit of difference between them is
attributed to factors such as SMA connector
effects, fabrication imperfections, and
inappropriate quality of the microwave substrate.

D. Time domain analysis

In ultra wideband systems, the information is
transmitted using short pulses. Hence, it is
important to study the temporal behavior of the
transmitted pulse. The communication system for
UWB pulse transmission must limit distortion,
spreading, and disturbance as much as possible.
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Group delay is an important parameter in UWB
communication, which represents the degree of
distortion of pulse signal. The key in UWB
antenna design is to obtain a good linearity of the
phase of the radiated field because the antenna
should be able to transmit the electrical pulse with
minimal distortion. Usually, the group delay is
used to evaluate the phase response of the transfer
function because it is defined as the rate of change
of the total phase shift with respect to angular
frequency. Ideally, when the phase response is
strictly linear, the group delay is constant.

de(w)
dw

group delay = — 4)

As depicted in Fig. 10, the group delay
variation is less than 0.8ns over the frequency
UWB without notched bands which ensure that the
pulse transmitted or received by the antenna will
not distort seriously and will retain its shape. As
expected before, the groups delay variation at
notches from 3.3GHz up to 3.69GHz and 5.15GHz
up to 5.85GHz, WiMAX and WLAN, with respect
to other frequencies is more. Therefore, the
proposed antenna is suitable for modern UWB
communication systems.

Transient response of the antenna is studied by
modeling the antenna by its transfer function. The
transmission coefficient S21 was simulated in the
frequency domain for the face-to-face orientation.
Figure 11 shows the magnitude of measured S21
for the face-to-face orientation and plot of S21 is
almost flat with variation less than 15dB in the
operating band. The reason of two intense
resonances in plot of S21 is because of two
notches WiMAX and WLAN at frequencies 3.5
and 5.5 GHz.

Phase of S,; for the face to face orientation has
been also plotted and is shown in the Fig. 12. As
previously expected, the plot shows a linear
variation of phase in the total operating band
except notched bands.

The transfer function is transformed to time
domain by performing the inverse Fourier
transform. Fourth derivative of a Rayleigh
function is selected as the transmitted pulse. The
output waveform at the receiving antenna terminal
can therefore be expressed by convoluting the
input signal and the transfer function. The input
and received wave forms for the face-to-face and
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side-by-side orientations of the antenna are shown
in Fig. 13. It can be seen that the shape of the
pulse is preserved very well in all the cases. Using
the reference and received signals, it becomes
possible to quantify the level of similarity between
signals.
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Fig. 10. Simulated group delay versus frequency
for the proposed antenna.
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Fig. 11. Simulated S,; with a pair of identical
UWB antennas for face to face orientation.

In  telecommunications  systems,  the
correlation between the transmitted (TX) and
received (RX) signals is evaluated using the
fidelity factor [21]

22 st - t)dt

T )
(2 swr 2wl
where S(t) and r(t) are the TX and RX signals,

respectively. For impulse radio in UWB
communications, it is necessary to have a high

(5)

F = max
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degree of correlation between the TX and RX
signals to avoid losing the modulated information.
However, for most other telecommunication
systems, the fidelity parameter is not that relevant.
In order to evaluate the pulse transmission
characteristics of the proposed double band-
notched antenna, two configurations (side by side
and face to face orientations) were chosen. The
transmitting and receiving antennas were placed in
a d=0.5 m distance from each other. As shown in
Fig. 13, although the received pulses in each of
two orientations are broadened, a relatively good
similarity exists between the RX and TX pulses.
Using (4), the fidelity factor for the face to face
and side by side configurations was obtained equal
to 0.94 and 0.89, respectively. These values for the
fidelity factor show that the antenna imposes
negligible effects on the transmitted pulses. The
pulse transmission results are obtained using CST.
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Fig. 12. Simulated Phase of S,; for face to face

orientation.

E. Radiation characteristics

The y-z plane and the x-z plane are selected
to show the antenna radiation patterns referred to
as E-plane and H-plane, respectively. Figures 14
and 15 respectively show the antenna normalized
radiation pattern at E-plane and H-plane.

According to Fig. 14, it is clear that the
proposed antenna has a nearly bidirectional pattern
and Fig. 15 also depicts that the antenna has a non
directional pattern required to receive information
signals from all directions. In addition, the gain
curve of the proposed antenna is illustrated in Fig.
16.



‘ Input signal  =—— ‘

e

Received side by side Received face to face

=
3]

Normalized signal level
o
41 =
!
!
!
!
!
!
1

o

o
ul

05 06 07 08 09 1 11 12 13 14 15
Time (nsec)

Fig. 13. Transmitted and received pulses.
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Fig. 14. Measured normalized radiation pattern of
the antenna at E-plane.

Fig. 15. Measured normalized radiation pattern of
the antenna at H-plane.

From these curves it is obvious that the
antenna has rather acceptable gain and on the
frequency bands of 3.3 to 3.69 GHz and 5.15 to
5.825 GHz, in spite of having compact size of
25x25 mm?. Using two techniques of strip lines
and slots, the antenna has filtered the interference
bands of WiMAX and WLAN. The last point from
Fig. 16 is that the maximum values of gain for the
antenna has been earned at the higher frequencies
with values of 5.5 to 6 dB, and also the minimum
values of gain is for a dual band notch with values
of -4 to -5 dB.
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Fig. 16. Measured gain versus frequency for the
proposed antenna.

IV. CONCLUSION

A CPW antenna to cover UWB band and to
reject interference bands has been presented. The
measured bandwidth of the antenna is from 2.96 to
16 GHz. The simulation and measurement results
of the proposed antenna show a good agreement in
term of the reflection coefficient, and radiation
patterns.
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