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Frequency and time domain analysis of a
novel UWB antenna with dual band-notched

characteristics

RAJARSHI SANYAL', ABHIRUP PATRA"”, PARTHAPRATIM SARKAR”

AND SANTOSH KUMAR CHOWDHURY"

This paper presents the dual band notch characteristics of Ultra wideband (UWB) monopole antenna. Proposed antenna
(30 x 30 mm?®) consists of arrow shaped patch and truncated ground plane. Operating range of the proposed antenna
(voltage standing wave ratio < 2) is 2.2-11 GHz. In order to achieve dual band stop characteristics, A/2 open ended angularly
separated slit pair has been inserted on the radiator for world interoperability for microwave access (WIMAX) (3.3-3.9 GHz)
band rejection performance and wireless local area network (WLAN) (5.1-5.9 GHz) band rejection has been realized by
introducing a pair of angularly separated A/2 conductor backed plane (CBP). Using proper adjustment of angular separation
for both slit pair and CBP pair, enhanced band rejection can be achieved for the WIMAX and WLAN band, respectively. The
performance of antenna has been investigated in terms of frequency domain and time domain to assess its suitability in UWB

communication.
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. INTRODUCTION

Ultra wideband (UWB) communication system has become
more popular among researchers and the wireless industries
after the permission of Federal Communication Commission
(FCC) in 2002 for its commercial usage within the frequency
range from 3.1 to 10.6 GHz [1]. Several shapes of monopole
antenna geometry have been designed so far to cover the
entire bandwidth of UWB including different types of patch
structure or modification of ground plane or embedding para-
sitic elements, etc. [2—4]. In recent years the main challenge is
to design UWB antenna with band notch characteristics to
avoid electromagnetic (EM) interference on the other wireless
narrowband systems such as world interoperability for micro-
wave access (WIMAX) (3.3-3.7 GHz) and wireless local area
network (WLAN) (5.15-5.825 GHz). The conventional tech-
niques of band rejection characteristics are mainly based on
the implementation of half wavelength or quarter wavelength
filter structure in Antenna. Several techniques have already
been reported to achieve band stop characteristics by using
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slot insertion on patch surface or ground plane or to the
feed line, insertion of parasitic element around the patch or
conductor backed plane (CBP) on the rear side of patch,
employing stub to the patch or the ground plane. Previous lit-
eratures related to band notched performance of UWB mono-
pole are based on the investigation and optimization of voltage
standing wave ratio (VSWR), radiation pattern, peak gain, etc.
[5-11]. However time domain behavior is an important issue
which must be considered in the design of band notched UWB
antenna. Hence antenna should be designed carefully to avoid
undesired distortion and ringing [12-14]. This paper presents
a new design of UWB monopole antenna with arrow shaped
patch. Symmetrical steps with the lower periphery of the
patch and U-shaped ground plane truncation leads to band-
width enhancement from 2.2 to 12 GHz. In order to generate
dual band notched characteristics, symmetrical open ended
angularly separated narrow slit pair on the patch surface and
angularly separated CBP pair on the other side of patch is
inserted. Center frequency of the notched bands corresponding
to WIMAX (3.3-3.9 GHz) and WLAN (5.15-6 GHz) bands
can be controlled easily and independently by varying the
length of the slit pair and CBP pair correspondingly. Angular
separation between the slot pair and CBP pair play significant
role in band rejection performance. The dual band rejections
are mutually uncorrelated because of the placement of slit
pairs on the radiator and CBP pair on the other side of the
patch. Good time domain characteristics in terms of correl-
ation factor and pulse stretch ratio (SR) establish the employ-
ability of the proposed antenna in practical UWB systems.
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Fig. 1. Simulated return loss characteristics for reference antenna.

Il. DESIGN OF UWwWB ANTENNA
WITH BAND-NOTCHED
CHARACTERISTICS

Geometry of reference antenna without band rejection
characteristics is fabricated on a 30 x 30 mm?® FR4 substrate
with €, = 4.4 and thickness of 1.58 mm; the ground plane
side length L, is 7 mm, Wy is fixed at 2 mm to maintain
50 () characteristics impedance. By cutting four pairs of rect-
angular 2 X 2 mm® sequential steps on the lower side of the
arrow shaped patch surface along with the U-shaped trunca-
tion to the edge of the ground plane, perfect EM coupling
between the radiator and ground plane can be obtained.
The optimized dimension of U-shaped slot is 10 x
1.7 mm®. Modified structure provides multiple resonances
in higher frequency range resulting bandwidth enhancement
by 27% (3.78 GHz) as shown in Fig. 1. Actually the sequen-
tial steps at the lower side of the patch provide the balance
between vertical and horizontal surface current on the
patch, which leads to the additional resonance frequencies.
More over U-shaped truncated ground plane acts as an
impedance matching element which increases the sensitivity
of the higher frequencies [2]. Therefore by adjusting the
dimension of U-shaped truncation on the ground plane,
good impedance matching between the radiating patch and
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the ground plane over a wide frequency band can be
achieved.

Proposed antenna configuration with band reject elements
consists of a pair of open ended thin slit on the patch surface
and a pair of rectangular CBP on the opposite side of the
patch as shown in Fig. 2. Angular separation between the
slit pair @ and CBP pair B play significant role regarding
band rejection performance but they have insensitive influ-
ence to the center frequency of the rejection band.
Minimum gap between the slit pair is G5 with the length of
each slit being Ls. On the other hand, each CBP has a
length of Lp and minimum gap between the CBP pair is Gp.
Hence rejection frequency for the WIMAX band notched
characteristics is empirically approximated as

c

(1)

fnotch—wimax =

2 X Ly X /&

and the rejection frequency for WLAN band notched
characteristics is approximated as

c

(2)
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2 X L, X

>
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wsub
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Fig. 2. Geometry of the proposed UWB antenna with dual band notch characteristics. (a) Top view, (b) bottom view.
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Fig. 3. Comparison of calculated and predicted length of (a) resonator slit Lg and (b) CBP L corresponding to the notch frequencies.

where L, and L,,, are set to band stop resonate at Az, /2 and
Ag,/2 where Ag, and Ag, correspond around the band notch
frequency of 3.5 and 5.5 GHz and for this structure L,, and
L,, are defined as L,, =2 X Lg+ Gs, L,, =2 X Lp+ Gp,
effective dielectric constant is €, = €, + 1/2. The above for-
mulas are validated by comparing simulated results and pre-
dicted results by High Frequency Structure Simulator (HESS).
Figure 3(a) shows the different value of open ended slit
length keeping fixed value of o= 60° and Gg= 2.59 mm.
As can be noticed, the nature of slope for both the calculated
and the HFSS results are in parity and the results attain
minimum difference in between 3.3 and 3.9 GHz. Similarly,
Fig. 3(b) shows comparison between simulated and calculated
results of the length of CBP against frequency keeping £ fixed
at 70° and Gp = 3.5 mm which exhibits almost similar slope.
Slight difference is observed in between calculated and pre-
dicted length in both cases because of the approximation
adopted in the calculation of effective dielectric constant.

To verify the geometry, proposed antenna is modeled,
simulated, and optimized by using EM simulator HFSS 13.
The final dimension of each Antenna parameters of the pro-
posed design is as follows: W, = 30 mm, L, = 30 mm,
Ly=9mm, D=18.6 mm, Ly=9mm, Wy=2mm, L,, L,
L, L,=2mm, W, W, W, W,=2mm, G;=2.81 mm,

G,=484mm L,=1134mm, L,=1569mm, a= 70°,
B = 60°

1. RESULTS AND DISCUSSION

A) Parametric analysis of 3.5 and 5.5 GHz
notched bands

Figures 4(a) and 4(b) present the return loss performance of
rejection frequency band around 3.5 and 5.5 GHz, respec-
tively, due to the individual effect of open ended slit pair
and CBP pair. Figure 4(c) presents the combined effect of
both notch elements where dual rejection frequency bands
around 3.5 and 5.5 GHz. The simulation of frequency
domain analysis has been performed by using Ansoft HFSS
simulator. Frequency band rejection performance and
tuning of the center rejection frequency has been separately
investigated for angularly separated open ended slit pair and
angularly separated CBP pair as observed in Fig. 5. Figures
s(a) and s5(b) shows the simulated VSWR with different
value of Ly and Lp, When Lg changes from 10.12 to
12.43 mm, center frequency of notch band decreases from 4

Fig. 4. Simulated return loss against frequency due to individual band-notched element. (a) Slot pair, (b) CBP pair, and (c) combination of slot and CBP pair.
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Fig. 5. Simulated VSWR plot for variation of parameters of individual band notched elements (a) Ls(a = 50°), (b) Lp (8 = 60°), (¢) a(Ls= 12.43 mm), (d)

B(Lp = 16 mm).
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Fig. 6. Simulated VSWR of the proposed antenna with different values of (a) Lg(a = 50°, 8= 60°, Lp = 16 mm), (b) Lp(a = 50°, B = 60°, Lg = 12.43 mm),
(¢) a(Ls = 12.43 mm, Lp = 16 mm, B = 60°), and (d) B(Ls = 12.43 mm, Lp = 16 m.m, o = 50°).
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to 3.3 GHz. Similarly, shifting of L, from 14 to 18 mm shifts
the center frequency of notch band from 6.2 to 5.4 GHz.
Angular separation « and B control the peak VSWR and
notch width of the rejection band. As « reduces, the patch
surface between the slit pair becomes narrower which influ-
ence the coupling between patch and the ground plane.
Therefore worse coupling between patch and the ground
plane maximizes the peak VSWR at 3.5 GHz with increment
in rejection bandwidth. On the other hand at WLAN fre-
quency band, maximum patch current is concentrated at the
lower edge. Therefore if B becomes higher, the direction of
the current of the CBP and current at the edge of the patch
are exactly opposite to each other resulting high impedance
mismatch which increases peak VSWR at 5.5 GHz with
increased notched bandwidth as shown in Figs s5(c) and
5(d). In this proposed antenna, slit pair and CBP pair are
inserted to realize two targeted resonating frequencies at 3.5
and 5.5 GHz, respectively, so that the coupling effect
between them is necessary to be investigated. Figures 6(a)
and 6(c) show that when Lg and « vary keeping all other para-
meters constant, there are no effect on WLAN frequency
band. Similarly, Figs 6(b) and 6(d) show no effect in
WIMAX band while Lp and B are varied. Therefore it may
be concluded that there is almost negligible coupling effect
between the open ended angularly separated slit pair and
angularly separated CBP pair.

B) Experimental verification

To verify the proposed design, a prototype of the antenna
based on optimized dimension has been fabricated (as
shown in Fig. 7) and measured. The experimental results
exhibit the range of impedance bandwidth (VSWR < 2)
between 2.2 and 11 GHz with dual notched bands 3.3-3.9
and 5.1-6 GHz as shown in Fig. 8 where a very good agree-
ment between the simulated and measured values is observed.

C) Current distribution analysis

Simulated magnitude and vector current distribution are illu-
strated in Fig. 9. at the notch frequency of 3.5 GHz. Surface
current is mainly concentrated around the slit. Excited
surface currents on both side of the slit are oppositely directed
and hence they cancel each other. As a result, antenna does
not radiate around 3.5 GHz. Similarly surface current at
5.5 GHz is mainly distributed on the edges of the patch
surface as well as the CBP pair and they are oppositely

Bottom View

Fig. 7. Photograph of the fabricated prototype of proposed antenna.
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Fig. 8. Measured and simulated VSWR of the proposed antenna.

directed which causes high attenuation making the antenna
nonresponsive at that frequency.

D) Radiation pattern and antenna gain

Measured far field radiation patterns in YZ-plane (E-plane)
and XZ-plane (H-plane) are plotted in Fig. 10 for 7 and
10 GHz. The nature of E-plane patterns are monopole-like
and the H-plane patterns are nearly Omnidirectional though
distortion can be observed at 10 GHz. Figure 11 illustrates
the measured peak gain of proposed antenna against fre-
quency. The peak gain is relatively flat over the entire operat-
ing frequency band except a sharp decrease in the vicinity of
3.5 and 5.5 GHz.

V. TRANSFER FUNCTION AND
TIME DOMAIN ANALYSIS

A) Group delay and transmission
characteristics

Transfer function and group delay characteristics for face to
face and side by side orientation (keeping two identical anten-
nas 3ocm apart) are presented in Fig. 12. Group delay
characteristics are almost smooth over the entire UWB band
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Fig. 9. Simulated magnitude and vector current distribution of proposed antenna at 3.5 and 5.5 GHz.

except stop bands where the variation of group delay is greater
than 1 ns for each orientation. However in pass band, the
group delay less than 1 ns indicates the good linear phase
response. Magnitude of the transmission coefficient (|S,,[)

E-Plane(Y-Z)

10 GHz

Fig. 10. Measured radiation pattern of the proposed antenna.
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has also the sharp dips at the stop bands. Group delay corre-
sponds well to the magnitude of S,,. Therefore it can be con-
cluded that the antenna has small waveform distortion due to
the phase nonlinearity.

H-Plane(X-Z)
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Fig. 11. Measured peak Gain of the proposed antenna.

B) Waveform response

Satisfactory frequency domain performance does not neces-
sarily ensure the excellent time domain behavior. Therefore,
time domain characteristics are vital to the system per-
formance. In this article the system response has been ana-
lyzed by CST microwave studio software. Since the UWB
antenna is inspired by the transient Gaussian pulse, a modu-
lated Gaussian pulse, as an excitation waveform, has been
chosen as given by the mathematical expression p(t) = cos
(27f, t)expl — 2m(t/7)*]. In order to cover the spectral
response within the UWB frequency band (referred by

| .
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]
-

TIME AND FREQUENCY DOMAIN BAND NOTCHED ANTENNA

FCC), the center frequency f.= 6.85 GHz and Gaussian
width 7= 228 ps are considered. For minimum pulse broad-
ening at the receiving end, the pulse preserving capability of
the antenna becomes higher, which results in the high rate
of data transmission. As the proposed antenna has XZ-plane
(H-plane) radiation pattern is almost Omnidirectional. Thus
for simplicity, the normalized radiated pulses for different
angular value 6 in XZ-plane are investigated as shown in
Fig. 13. It can be observed that radiated pulse waveforms are
distorted as compared with the excited pulse due to the
band rejection characteristics of the antenna. Figure 14 illus-
trates the input Gaussian pulse at the transmitting antenna
terminal and the received signals which is obtained by
placing a pair of identical antennas in face to face and side
by side orientation with a separation of 60 cm and their cor-
responding normalized frequency spectrums are also
plotted. As observed in both face to face and side by side
mode, the late time oscillation or ringing effect occur in the
received signals and the corresponding spectrum has sharp
dip at 3.5 and 5.5 GHz in each mode which confirms the
results of VSWR and transfer function. In addition to the
impact of the notch, reduction of the spectrum bandwidth
can also be seen in both the cases.

In order to quantify distortion between transmitted and
received signals, two figure of merit referring to correlation
factor and pulse width SR are introduced.

C) Correlation factor
" eyne—

The correlation factor is defined as p =

7)dt)/ \/ f vﬁ(t)dt\/ f v,z(t)dt| } where  v/(t) = transmitted
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Fig. 12. Magnitude of the transmission coefficient S,, and group delay of the proposed antenna. (a) Face to Face mode, (b) side by side mode.
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Table 1. Correlation factors of the proposed antenna.

Electric field intensity signal in XZ-plane

Received signal

Virtual probe position(6) in degree o 30 60 90 120 150 180 Face to face mode  Side by side mode
Correlation factor 1 0.9943 0.9046 0.7649 0.9224 0.9478 0.9351 0.6315 0.7914

Table 2. The pulse width SR values for the proposed antenna.

Electric field intensity signal in XZ-plane Received signal
Virtual probe position (6) in degree o 30 60 90 120 150 180 Face to face mode Side by side mode
SR 1 1.16 1.45 1.86 1.04 1.33 1.67 2.45 1.83

signal, v,(t) = radiated electric field intensity or receiving
antenna signal at far field region, and 7= time delay [13].
Maximum value of correlation factor is unity when two
signals are identical but it is reduced when received signal is
the attenuated or delayed version of transmitted one. To
determine the correlation factor of radiated electric field
signals and the receiving antenna signals, the radiated signal
in XZ-plane at 6 = o° is depicted as the reference signal wave-
form similar to the transmitted signal v,(t). Table 1 presents
the correlation factor of v,(t) and far field radiated intensity
signals obtained by different probe location or received
signal in face to face and side by side mode (considered as
v,(t)). As observed from Figs 13, 14, and Table 1, ringing dur-
ation is highest for minimum value of correlation factor in
face to face mode.

D) Pulse width SR

SR has significant role to analyze pulse preserving capability of
UWB antenna. SR is defined as the ratio of the width of the
received waveform v,(t) to the width of the transmitted wave-
form v,(t).For the 90% captured energy between v,(f) and
v,(t),the SR is defined as [13]

[IFZviorde] .05 = [I*2 viordr] (0.0
[P Zvaora] o) — [[72 viorde] “(o.05)

Minimum value of the pulse width SR is unity which
increases with increasing value of the ringing duration. SR is
calculated in the XZ-plane for the electric field intensity for
different detecting angles where maximum value at 6§ = 9o
is observed. SR value for receiving antenna in face to face
and side by side mode are 2.45 and 1.83, respectively, as
shown in Table 2. Hence side by side orientation is preferable
over face to face orientation. Correlation factor and SR clearly
indicate the effect of small ringing distortion owing to the
impedance mismatch at the rejection bands.

V. CONCLUSION

In this work, a compact UWB antenna with dual band notch
function is presented and investigated. The design method-
ology is the utilization of an arrow shaped patch with multiple
symmetrical steps to obtain UWB property. A new approach
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is introduced for dual band stop characteristics around 3.3-3.9
and 5.1-6 GHz with UWB antenna by incorporating the open
ended slit pair on the radiator and CBP pair on the rear side of
the radiator. Angular separation between the slit pair and CBP
pair is crucial for enhanced band rejection. Proposed antenna
has demonstrated satisfactory performance in terms of
VSWR, gain, radiation pattern, current distribution, and
transfer function. The extensive investigation has also been
carried out to extract the time domain characteristics of the
proposed antenna. With minor interference among WIMAX
and WLAN, the proposed antenna is expected to be a good
candidate for the UWB application.
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