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Abstract: In this research paper, a compact ultra wideband (UWB) antenna
with double notch bands using SIR is proposed.Rejection bands around 5.15-
5.85 GHz WLAN frequencies are obtained by embedding a step impedance
resonator (SIR1) near the radiating patch of the antenna. Furthermore, rejection
for the 8.0-8.4-GHz ITU-band frequencies as second rejection band is achieved
by placing another SIR near the feed line patch junction of the antenna. Effects
of the basic design parameters on antenna band notch characteristics are also
examined.

The correlation between the simulated and experimental results shows that the
proposed antenna can be efficiently used in ultra wide band applications. The
design and functional simulation of proposed antenna is analyzed using
HFSSv14 software.
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I.INTRODUCTION

In the year 2002, the US Federal Communications
Commission (FCC) allocated the ultra-wideband (UWB)
spectrum from 3.1 to 10.6 GHz to be used for
commercial communication purposes [1]. UWB
communication systems can support high data rates with
low power consumption and are mainly used for short-
range indoor communication systems. Antennas
spanning the broad frequency range of 3.1-10.6 GHz
are essential components of such UWB systems. Hence,
their design problem has become an active topic of
research in recent years. In the last decade, several UWB
antennas with different shapes have been developed and
adopted in practice. Designs of antenna for ultra-
wideband applications face many challenges including
their radiation stability, impedance matching, small size,
less cost of manufacturing, and EMI problems. [2].

For the band rejecting, many methods have been
reported. The most popular approach is etching slots
on the UWB antenna radiator to achieve notched band
performance [3-8]. Various shaped slots can be chosen,
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such as triangle-shaped, L-shaped, C-shaped, U-shaped
slots, etc. The etched slot could be simply modelled as
a quarter wavelength or a half wavelength resonator,
and the length of the slot can be determined by the
notched frequency accordingly. Those designs are with
flat skirt characteristics and cannot control bandwidth
and ripple because they have one-pole rejection
characteristics using one or more resonators. The
complementary split ring Resonators (CSRRs) have also
been etched on the radiator to obtain notched band
characteristics in [9]. A UWB antenna composed of two
identical monopoles and a strip bar to achieve a band-
notched property was reported in [10]. Similarly, with
folded strip configuration, the antenna reported in [11]
can achieve a good band-rejection performance. The
genetic optimisation algorithm has been successfully
brought to design a band-notched UWB antenna in [12].
By adding meander line slot or stubs [13, 14], the UWB
filter has shown notched band performance, which is
also a promising solution for avoiding interferences in
another aspect.

However, most of the proposed antennas and filters



mentioned above [3-8, 10-14] have only one notched
band concerned, which could not meet the requirement
of avoiding multiple-interference caused by the
coexisting systems. Different multiple (dual, triple,
quadruple) band-notched UWB antenna topologies have
also been reported in recent literature [15]-[18]. Use of
split-ring resonators (SRRs) and complementary split-
ring resonators (CSRRs) to design reconfigurable
multiple band-notched UWB antennas has been presented
in [19]-[22].

In this paper, we propose a new compact micro-
strip fed UWB Antenna with dual band rejection
functionality using SIR. SIR has been found
advantageous for band rejection. One of the key attribute
is that it allows its resonant frequencies to be tuned by

SIR
(STEP IMPEDANCE RESONATOR) |

o

(a) /
(b)
Fig.1 (a) Top view (b) Bottom view of proposed antenna
using SIR

adjusting its structural parameters. The SIR can be
placed around the radiating patch without degradation
on the operation of the main UWB antenna except the
band-rejection band without any extra space for
adoption.

II. METHODOLOGY

The geometries of the proposed antenna are shown
in Fig. 1. The antenna radiator is a half-structured bow-
tie patch placed on one side of the substrate.

The radiating patch is fed by a 50W micro-strip
line of width. The ground plane of the antenna has
uneven structure on the other side of the substrate to
control the impedance distribution of the antenna.

L
SIR

(STEP IMPEDANCE RESONATOR)

(b)
Fig.2 (a) Geometry of patch and substrate (b) Geometry of
uneven ground structure

The width, W and length, L of the patch are
calculated by using the transmission line model. The
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width of the rectangular patch, W is given by using
equation

er+ 1
2

C

 2fofer

° The effective dielectric constant, can be obtained
by using equation -

2fo

if e+ 1 e -1
geff = +
2 2
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e  The length extension of the patch, can be obtained
by using equation -
AL

(eref £+ 0. 3)( +0. 264)

=0412 h
(ereff— 0.258) ( +0. 264)

Parameter Data(mm) Parameter | Data (mm)

Length of 27.5 Wg2 3

substrate L

Width of 18 Wg3 7

substrate W

Height of 0.64 Wg4 11

substrate h

Length of patch 27.5 Lgl 3

L1 2

L2

Width of patch 16 Lg2 2.75

W1 1

W2

Wg 18 Lg3 3

Wgl 2.5 Lg4 5.7

6SIR1 10.7697 0SIR2 6.67
49

di 4.34676 D1 0.68
014

d2 1.23779 D2 1.34
27

e The actual length of rectangular patch, L is
calculated by using equation-

L = Leff - 2AL
where Leff is the effective length and is calculated as-
Leff = ¢

2fo [ereff
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e  The dimensions of the ground plan may be given
as-

Lg =6h+1 & Wg =6h+w

The proposed antenna fabricated on 0.64 mm-thick
Taconic RF60-A substrate (dielectric constant 6.15, loss
tangent 0.0023). Prior to proceeding for full-wave
simulations, we make some initial assumptions about
band-notch elements. It is non uniform transmission
line i.e. as transmission line is in step form having
different electrical length and different impedance. Wave
cancellation theory [12] states that when two signal
having same properties but phase shift of 180° at defined
frequency then they cancel out each other at that defined
frequency.

0=A/4o0or\/2
I — ®
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Fig.3 Types of SIR resonator (a) unitary impedance
resonator (b) Various SIRs

Now, we attach the first SIR to the basement UWB
antenna to obtain a rejection bands. The structure of
SIR1 used for this is a series combination structure of
different impedance micro-paths, as shown in Fig. 3.
The SIR generates the second harmonics according to
the difference of the each impedance which results in
third rejection band of antenna.

The second harmonics and the length of
transmission line can be determined by [9]

fs2 = nf / (2tan - 1 VK) (1)
K=21/Z2 (2)
8SIR = tan”1VK (3)

According to (1), (2) and (3), the frequency of
the second harmonics is two times of the base frequency
in unitary impedance resonator. Thus, it is predictable



that the second harmonics would be generated at the
frequency of

fs2<2f0,whenK<1

fs2>2f0, whenK>1 (4)

So that we can adjust the 2nd harmonic frequency.
The initial length of the SIR (6SIR1) is predetermined
by the centre frequency of the stop band. The most
important design parameters to be decided are gap and
di, d2 of SIR.

The second SIR2 is embedded on basement UWB
antenna to obtain a rejection band centred at ITU 8GHz
band.

I11. SIMULATION AND RESULTS
Fig. 7 shows the simulations result including return

losses (S parameter) of the antenna having multi-band
characteristic in the UWB spectrum.
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Fig.4. RL Vs frequency curve

From Fig. 4, it is observed that UWB antenna
covers total frequency range from 2.8 GHz to 10.8 GHz
except two rejection bands ranging from 5.15GHz to
5.9 GHz and 7.9GHz to 8.6 GHz with return loss less
than -10 dB. The result shows that the proposed antenna
structure efficiently performs over the entire UWB range
with low return loss.
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Fig. 5. VSWR Vs frequency curve

Fig. 5 shows the VSWR of the proposed antenna
structure with optimized parameters. It is observed from
the given Fig. that the simulated VSWR characteristic
of the proposed antenna possesses two notch bands
for WLAN (5.4 GHz) and ITU (8 GHz).

Group Delay Plot HGEDuie

Froa G

Fig. 6. Group Delay Vs Frequency plot

Group delay is a measure of transit time of a signal
through a device versus frequency. Below Fig. shows
the group delay Vs freq. curve.

From the Fig. 6, group delay variations of up to
0.5 ns can be observed within the operating bandwidth
except rejection bands.
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Current distribution at different notch frequency
is given below:
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Fig. 7. Distribution of surface current distribution on
the antenna for the three notch frequencies (a) 5.44,
(b) 8.28 GHz

From current distribution figures we concluded
that SIR1 does not allow current to reach at antenna at
frequencies 5.44GHz & 12 GHz and SIR2 plays role to
stop current to reach at antenna at frequency 8.28GHz.
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EFFECT OF NOTCHED PARAMETERS ON
ANTENNA PERFORMANCES

The key parameters are selected to analyse the
effects on the band-notched characteristic by
considering only one SIR.

e  Effect of Variation of the Geometrical position
of SIR

)
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Fig. 8. Plot of position variation of SIR with respect to
radiating patch

The plot shown in Fig. 8 gives the comparison of
characteristics corresponding to different return losses
curves obtained by varying the position of the resonator.
The change in the position of SIR causes a variation in
the bandwidth of the stop-bands. By positioning SIR in
close proximity to radiated patch results in larger
bandwidth of the stop-band, while farther positioning
results in smaller bandwidth of stop-band.

e  Effect of Variation of Initial Length of SIR

The plot depicted in Figure 9 shows a comparison
of the characteristics to different S11 (RL) curves
corresponding to variation in the initial length of the
resonator.



§11(RL) Vs freq plot for diff. value of initial length
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Fig. 9. S11 (RL) Vs frequency curves for different initial
lengths of SIR

Fig. shows that the variation in the initial length of
SIR causes a change in the center frequency of the
stop-band, more is the length of SIR smaller is the
central frequency of the stop-band and vice versa.

° Effect of Variation of dl’ d2 on the lower
frequency of the second rejection band of SIR.

Fig. 10 shows RL curve corresponding to various
widths i.e. d1 and d2 of the step impedance resonator It
can be observed that an increase in dl and d2 leads to
decrement in the bandwidth and vice versa for the
proposed antenna.
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Fig.10 RL vs frequency curves for different width dl‘ d2 of
SIR

° Effect of various Substrate material.

The curve depicted below in Figure 11 shows the
effect of the variation of substrate material of the
proposed UWB Antenna structure without any tunning
in dimensionals.
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Fig. 11. Effect of various substrate materials of the
proposed UWB antenna structure

dB

Fig. 11 shows that in case we use FR4-epoxy
dielectric material which has a moderate value of e in
the substrate, provide us larger bandwidth than that of
other two dielectric materials at the cost of Q-factor.

Table 2. Effect of variation of different substrate material

Material (—:r tand BW Covered
FR4-epoxy 4.4 0.0200 8.1 GHz
Taconic RF60-A 6.15 0.0028 7.9 GHz
Rogers RT/duroid6010 10.2 0.0012 5.6 GHz
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Fig. 12. Comparison of simulated and measured return
loss of the proposed UWB antenna
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Fig. 12 shows the measured and simulated gain
plots of the proposed antenna with single band notch
characteristics.

A relatively good trade-off between measurement
and simulation can be analyzed. It can also be observed
that the input impedance of the fabricated antenna is
well matched in the entire UWB band (3.1-10.6 GHz).

Fabricated photograph of proposed antenna

Fig. 13.
structure

IV. CONCLUSION

The designed antenna has suitable size and Omni-
directional radiation pattern which allow us to use it for
UWB applications. Overall, the performance of the
antenna meets the desired requirement in terms of return
loss and VSWR. The proposed antenna has impedance
bandwidth covering the entire UWB range (3.05-10.6
GHz), along with notch-bands in the WLAN (5.15-5.85
GHz) and ITU-band (8-8.4 GHz) frequencies. The
design guidelines and relevant equations are described
and validated via HFSS simulations. A prototype antenna
is fabricated in PCB lab using low-cost Taconic RF60-
A substrate. The measurement results of the fabricated
antenna exhibit good match with simulation predictions.

REFERENCES

[1] Federal Communications Commission, Washington, DC,
USA, “Federal Communications Commission revision of
Part 15 of the commission’s rules regarding ultra-wideband
transmission system from 3.1 t010.6 GHz,” 2002.

24

[2]

(3]

[4]

(5]

[6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

C.-C. Lin, P. Jin, and R. W. Ziolkowski, “Single, dual and
tri-bandnotched ultrawideband (UWB) antennas using
capacitively loaded loop (CLL) resonators,” IEEE Trans.
Antennas Propag., vol. 60, no. 1,pp. 102-109, Jan. 2012.

Schantz H.G., Wolenec G., Myszka E.M.: ‘Frequency
notched UWB antennas’. Proc. Conf. IEEE Ultra Wideband
Sys. Tech., Reston, VA, November 2003, pp. 214-218

Yao Y., Huang B., Feng Z.H.: “A novel ultra-wideband
microstrip-line fed wide-slot antenna having frequency
band-notch function’. Proc. Int. Conf. Microwave and
Millimeter Wave Tech., 2007. ICMMT’07, Guilin, China,
April 2007, pp. 1-4

Bao X.L., Ammann M.J.: ‘Printed band-rejection UWB
antenna with H-shaped slot’. Proc. Int. Conf. Antenna
Technol.: Small and Smart Antennas Meta materials and
Applications, 2007. IWAT’07, Cambridge, UK, March
2007, pp. 319-322

Nikolaou S., Kim B., Kim Y.S., Papapolymerou J., Tentzeris
M.M.: ‘CPW-fed ultra wideband (UWB) monopoles with
band rejection characteristic on ultra thin organic substrate’.
Proc. Asia-Pacific Microwave Conf. 2006, Yokohama,
Japan, December 2006 CD-Rom: FROF-26

Leew.S., Kimd. Z., Kimk.J., Yuj.W.: ‘Wideband planar
monopole antennas with dual band-notched characteristics’,
IEEE Trans Microw. Theory Tech., 2006, 54, (6), pp.
2800-2806

Qiu C., Yuan T., Zheng Y., Li L.W., Zhang Q.: ‘Hybrid
shaped band-notched ultra-wideband patch antenna’. Proc.
Int. Symp. Antennas and Propag. 2007, Niigata, Japan,
August 2007, CD-Rom: 2A4-3

Ding J.C.,Lin Z.L.,Ying Z.N., He S.L.: “A compact ultra-
wideband slot antenna with multiple notch frequency
bands’, Microw. Opt. Technol. Lett., 2007, 49, (12), pp.
3056-3060

Ma T.G., Wu S.J.: ‘Ultra wideband band-notched folded
strip monopole antenna’, IEEE Trans. Antennas Propag.,
2007, 55, (9), pp. 2473-2479

Chung K., Hong S., Choi J.: ‘Ultrawide-band printed
monople antenna with band-notched filter’, IET Microw.
Antennas Propag., 2007, 1, (2), pp. 518-522

Kerkhoff A.J., Ling H.: ‘Design of a band-notched planar
monopole antenna using genetic algorithm optimization’,
IEEE Trans. Antennas Propag., 2007, 55, (3), pp.
604-610

SHAMAN H., J-S HONG J-S.: “Ultra-wideband (UWB)
band-pass filter with embedded band notch structures’,
IEEE Microw.Wirel. Compon. Lett., 2007, 17, (3), pp.
193-195



[14]

[15]

[16]

[17]

(18]

[19]

[20]

YANG G.M., JIN R., VITTORIA C., HARRIS V.G., SUN
N.X.: ‘Small ultra-wideband (UWB) bandpass filter with
notched band’,IEEE Microw. Wirel. Compon. Lett., 2008,
18, (3), pp. 176-178

P. Lotfi,M. Azarmanesh, and S. Soltani, “Rotatable dual
band-notched UWBI/triple-band WLAN reconfigurable
antenna,” IEEE Antennas Wireless Propag. Lett., vol. 12,
pp. 104-107, 2013.

Y. Sung, “Triple band-notched UWB planar monopole
antenna using a modified H-shaped resonator,” IEEE Trans.
Antennas Propag., vol. 61, no. 2, pp. 953-957, Feb. 2013.

M. Ojaroudi, N. Ojaroudi, and N. Ghadimi, “Dual band-
notched small monopole antenna with novel coupled
inverted U-ring strip and novel fork-shaped slit for UWB
applications,” IEEE Antennas Wireless Propag. Lett., vol.
12, pp. 182-185, 2013.

M. J. Almalkawi and V. K. Devabhaktuni, “Quad band-
notched UWB antenna compatible with WiMAX / INSAT/
lower-upper WLAN applications,” Electron. Lett., vol. 47,
no. 19, pp. 1062-1063, Sep. 2011.

M. Al-Husseini, J. Costantine, C. G. Christodoulou, S. E.
Barbin, A. EI-Hajj, and K. Y. Kabalan, “A reconfigurable
frequency-notched UWB antenna with split-ring
resonators,” in Proc. Asia-Pacific Microw.Conf., Dec. 2012,
pp. 618-621.

Y. Zhang, W. Hong, C. Yu, Z.-Q. Kuai, Y.-D. Don and J.-Y.
Zhou, “Planar ultra wideband antennas with multiple
notched bands based on etched slots on the patch and/or

[21]

[22]

[23]

[24]

[25]

[26]

split ring resonators on the feed line, “IEEE Trans. Antennas
Propag., vol. 56, no. 9, pp. 3063-3068, Sep.2008.

C. C. Linand R. W. Ziolkowski, “Tri-band notched ultra-
wideband antenna using capacitively loaded loops (C LLs),”
in Proc. IEEE Antennas Propag. Soc. Int. Symp., Jul. 2010,
pp. 1-4.

C. C. Lin, P. Jin, and R. W. Ziolkowski, “Single, dual and
tri-band notched ultra wideband (UWB) antennas using
capacitively loaded loop (CLL) resonators,” IEEE Trans.
Antennas Propag., vol. 60, no. 1, pp.102-109, Jan. 2012.

Heena Choudhary, Ashish Vats, Romika Choudhary;
“Design of Frequency Reconfigurable Micro Strip Patch
Antenna for Wireless Applications”, International Journal
of Innovative Research in Science, Engineering and
Technology, Vol. 4, Issue 12, December 2015

Heena Choudhary, Ashish Vats, Romika Choudhary;
“Design and Analysis of Circular Patch Micro-Strip UWB
Antenna for Breast cancer Detection”, International Journal
of Innovative Research in Science, Engineering and
Technology, Vol. 4, Issue 12, December 2015

Tejbir Singh, Heena Choudhary , D.V. Avasthi & Vishant
Gahlaut, “Design & parametric analysis of band reject ultra
wideband (UWB) antenna using step impedance resonator”
Cogent Engineering, Vol .4, issue 1,2017.

Heena Choudhary , Kunver Arif Ali & Ashish Vats, “Design
And Analysis Of Triple Band-Notched Micro-Strip UWB
Antenna”; Cogent Engineering, Vol.4, issue 1,2016.

a

MR International Journal of Engineering and Technology, Vol. 9, No. 1, June 2017 25



	Page 1
	Page 2

