
have a common propagation axis on X, Y axis, consequently, it

is possible to communicate with a tag on twice band is this axis.

3. CONCLUSIONS

This study shows the feasibility to associate UHF RFID and

UWB system on a same substrate for tag. Thanks to that it is

possible to exploit the advantages and minimize drawbacks to

each technology. Different antenna’s topologies for UHF and

UWB RFID applications are presented. Tag is a multichip de-

vice and the main difficulties consist to minimize coupling

effects between UHF and UWB antenna. UHF antenna has typi-

cal impedance, and it is possible to reconfigure it easily to every

kind of UHF RFID chip impedance. UWB tag antenna has a

reflection coefficient lower than �10 dB on European UWB fre-

quency band. Perspectives are to design a reader and tag

antenna matched on all UHF RFID and FCC UWB frequency

band. One of the perspectives is to design a RFID tag antenna

singly fed and matched on twice bands.
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ABSTRACT: A novel band-notched elliptical slot antenna is presented

for ultra-wideband (UWB) applications. The proposed antenna is fed via

a microstrip-line that is connected to an elliptical shaped patch which

incorporates an inverted-U slot. The inverted-U slot behaves like a band

reject network designed to eliminate 5.15–5.825 GHz band-limited by

IEEE 802.11a and HIPERLAN/2. Effects of varying the inverted-U

shaped slot parameters on the antenna’s performance show that notch

band can be finely tuned. The antenna with optimal parameters was

realized and its performance measured. The antenna was fabricated on

a RT/duroid 6006 that has a thickness of 1.27 mm and a relative

permittivity of 6.15. The size of the actual antenna is 50 � 50 mm2. The

radiation characteristics of the proposed antenna satisfy UWB system

requirements. VC 2010 Wiley Periodicals, Inc. Microwave Opt Technol

Lett 52: 1599–1603, 2010; Published online in Wiley InterScience

(www.interscience.wiley.com). DOI 10.1002/mop.25237

Key words: microstrip slot antennas; ultra-wideband antennas; band

notched antennas

1. INTRODUCTION

The need of high data rate transmission from wireless communi-

cation systems is becoming more and more urgent and various

solutions have been proposed to date. To realize this require-

ment, most of the attention has been focused on Ultra-Wideband

(UWB) techniques as it offers numerous advantages, such as:

higher data rates, immunity to multi-path cancellation, higher

communication capacity, operational security, and low interfer-

ence with legacy systems [1]. Antennas are the particularly chal-

lenging aspect of UWB technology. To satisfy such a require-

ment, various wideband antennas have been studied [2–7]. The

UWB communication systems use the 3.1–10.6 GHz frequency

band, which unfortunately includes the IEEE 802.11a frequency

band (5.15–5.825 GHz). Therefore, IEEE 802.11a may cause

unwanted interference with the UWB communication system.

To overcome this electromagnetic interference, various UWB

antennas with a notch function have been developed [8–16].

In this article, a novel elliptical slot antenna with band-

notched characteristics is described for UWB applications. The

band-notched function is achieved by utilizing an inverted-U

shaped slot embedded within the elliptical patch, which is fed

via a microstrip line. The bandwidth and frequency of the notch

Figure 5 UWB tag antenna’s radiation pattern at 7.25 GHz

DOI 10.1002/mop MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 52, No. 7, July 2010 1599



is controllable by varying the dimensions of the inverted-U slot

and its relative position. This antenna can operate over the com-

mercial UWB frequency range (3.1–10.6 GHz) and effectively

suppresses any interference with the existing 5.15–5.825 GHz

band occupied by wireless local area network (WLAN) and

HIPERLAN/2 systems. Effects of varying the parameters of

Figure 1 Geometry of proposed UWB antenna: (a) top layer and (b) bottom layer showing the feed network. [Color figure can be viewed in the online

issue, which is available at www.interscience.wiley.com]

Figure 3 Effect of parameter Hs of inverted-U slot on the antenna’s

band-notching characteristicFigure 2 Effect of Ls on the antenna’s band-notching characteristic
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inverted-U shaped slot on the performance of antenna have also

been investigated. The antenna structure was analyzed using

Ansoft HFSS software [17]. The numerical study of the pro-

posed antenna was also investigated by using IE3D software

based on the method of moments [18]. The proposed antenna

prototype design with optimal parameters was fabricated and

measured. The agreement between the simulation and experi-

mental results was very good.

This article is organized as follow: section II presents the

configuration of proposed antenna, parametric study of antenna

is investigated in section III, the simulated and measured results

are discussed in section IV, and finally the conclusion is pro-

vided in section V.

2. ANTENNA CONFIGURATION

The geometry of the proposed elliptical slot antenna possessing

band-notched function is depicted in Figure 1 along with its

characterizing parameters. The antenna is located in x-y plane

and the normal direction is parallel to z-axis. The antenna con-

sists of an elliptical slot with axial dimensions of A and B

directly over an elliptical radiating patch with axial dimensions

of a and b, which is feed via a 50 X microstrip-line of width Wf

¼ 2 mm. The band-notching characteristic of antenna is

achieved by creating an inverted-U slot within the elliptical

patch. The proposed antenna is constructed on a dielectric sub-

strate RT/duroid 6006 with relative permittivity (er) of 6.15 and

thickness of 1.27 mm. The antenna has a ground-plane size of

Lg � Wg ¼ 50 � 50 mm2.

3. PARAMETRIC STUDY OF ANTENNA

To achieve the desired band-notched characteristic, the effect of

the inverted-U slot parameters on the antenna’s performance

was studied.

The simulated VSWR of the antenna for different values of

Ls is plotted in Figure 2. This figure shows that by increasing

the length of Ls the notching frequency shifts towards lower fre-

quencies and its bandwidth corresponding increases too.

Figure 3 shows the simulated VSWR response of antenna for

different values of Hs. It can be observed in that in this case the

notch’s center frequency decreases with the increase of the

length of Hs. The effect of the slot’s position relative to the cen-

ter of the elliptical patch, defined by parameter d, on the anten-

na’s performance is depicted in Figure 4. As shown, the position

of the slot has negligible effect on the band-notch characteristic.

These results clearly indicate the principal slot parameters

that significantly affect the antenna performance are its horizon-

tal and vertical lengths.

4. RESULTS AND DISCUSSIONS

The simulated and measured results of VSWR, radiation

patterns, and gain of the proposed antenna are presented in this

section. The simulations were performed using Ansoft HFSS

and IE3D, which utilize numerical methods for electromagnetic

computations. The VSWR of antenna was measured by the

Agilent 8722ES network analyzer.

4.1. VSWR

The simulated and measured VSWR of the proposed UWB

antenna, whose dimensions are defined in Table 1 is depicted in

Figure 4 Affect of inverted-U slot position on the band-notched

characteristics

TABLE 1 Dimensions of the Proposed UWB Antenna

Parameter Wg Lg A B L1 a b Wf Lf Ws Ls Hs d

Value (mm) 50 50 12 16 13 5.25 7.5 2 13.3 1 12 2 0.5 Figure 6 The calculated and measured gain of the proposed UWB

antenna

Figure 5 The VSWR response of the proposed UWB antenna with

dimensions defined in Table 1
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Figure 7 Measured and simulated E-plane and H-plane radiation patterns for proposed antenna at: (a) 4 GHz, (b) 7 GHz, and (c) 9 GHz. [Color figure

can be viewed in the online issue, which is available at www.interscience.wiley.com]

1602 MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 52, No. 7, July 2010 DOI 10.1002/mop



Figure 5. From this figure, we can see that the calculated band-

width of the proposed antenna for which VSWR �2 is from 2.7

GHz to 10.5 GHz with a notched frequency band of 5.08–5.98

GHz. The measured bandwidth of fabricated antenna is from

2.55 GHz to about 11.7 GHz with VSWR �2, and the notched

bandwidth is over 4.9–5.9 GHz for VSWR �2. The measured

frequency range encompasses the commercial UWB band (3.1–

10.6 GHz), and the notch rejects the frequency band of IEEE

802.11a to overcome EMI problems between UWB and WLAN

systems. The correlation between the numerical and experimen-

tal results is considered to be excellent.

4.2. Radiation Patterns and Gain

The simulated gain of the proposed antenna is shown in Figure

6. It reveals that the antenna gain varies from 4.0 to 6.0 dBi

within 2.84–11 GHz frequency band. As anticipated, the gain

drops to �5 dBi at center frequency of the band notch, which is

5.5 GHz. The measured gain of the antenna, which is indicated

by the star symbols closely follows the simulated results. The

maximum gain obtained from the measurements in desired

UWB frequency bandwidth is around 5.4 dBi, whereas in the

notched band it drops down to about �5.5 dBi.

The simulation and measurement normalized radiation pat-

terns of proposed antenna in H-plane (or x-z) and E-plane (or

y-z) at frequencies of 4, 7, and 9 GHz are plotted in Figure 7. As

shown in the H-plane, the antenna design exhibits an omnidirec-

tional profile at low and high frequencies and quasi bidirectional

in the mid-range frequencies. However in the E-plane, the radia-

tion pattern is bidirectional at low frequencies and quasi bidirec-

tional at mid and high frequencies. The agreement between the

measured and simulated radiation patterns is very good.

5. CONCLUSIONS

An elliptical slot antenna with an elliptical patch is shown to

provide Ultra-Wideband (UWB) performance. It is also shown

that band rejection function can be incorporated into the antenna

by embedding an inverted-U shaped slot within the elliptical

slot. By adjusting parameters of the U-slot, the band notched

characteristics can be tuned precisely. The proposed antenna

design was fabricated using optimal dimensions to validate its

ultra-wideband characteristics. The measurements show that

VSWR �2 is obtained over the band 2.55–12 GHz, and band-

notched characteristics is exhibited between 4.9 GHz and 5.9

GHz. Far-field radiation patterns and the gain of the antenna

were studied and experimentally verified. These results satisfy

the requirement of UWB communication systems.
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ABSTRACT: In this article, a microstrip band-pass filter with compact

structure and ultra-wide stopband using quarter-wavelength stepped

impedance resonators is proposed. Because of the optimal design for

stepped impedance resonators, circuit size is reduced and harmonic

response is suppressed. To suppress the higher resonant modes further,

two open stubs connected to the input/output ports are used to achieve

an ultra-wide stopband. The design procedure and additional lateral-

resonated response are discussed in detail. As the presence of the two

attenuation poles are around the passband edge, high selectivity and

good performance is realized. The proposed filter with a fundamental

frequency f0 of 0.9 GHz, measured insertion loss of less than 1.5 dB,

return loss of better than 16 dB, and wide stopband up to 19 f0 is

demonstrated. The stopband level is lower than 23 dB from 1.1 GHz up

to 17.1 GHz. VC 2010 Wiley Periodicals, Inc. Microwave Opt Technol

Lett 52: 1603–1606, 2010; Published online in Wiley InterScience

(www.interscience.wiley.com). DOI 10.1002/mop.25238
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