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Abstract: A novel compact band-notch ultra-wideband (UWB)

printed monopole antenna is proposed, where the band notch char-

acteristic is realized by inserting a pair of hook-shaped slit in the both

side of radiating patch. Also, by inserting a π-shaped stub in the

ground plane, additional resonance is excited and hence the bandwidth

is increased up to 123%. This novel monopole antenna has ultrawide

impedance bandwidth, compact size, low fabrication cost, and omni-

directional H-plane radiation patterns which are suitable for various

broadband applications.

Keywords: band-notch function, monopole antenna, UWB antenna

Classification: Microwave and millimeter wave devices, circuits, and

systems

References

[1] H. Schantz, The Art and Science of Ultra Wideband Antennas, Artech

House, 2005.

[2] M. Abdollahvand and G. R. Dadashzadeh, “Compact double-fed dual an-

nular ring printed monopole antenna for UWB application,” J. Electro-

mag. Waves and Appl., vol. 23, no. 14-15, pp. 1969–1980, 2009.

[3] J. Jung, W. Choi, and J. Choi, “A Compact Broadband Antenna with an

L-Shaped Notch,” IEICE Trans. Commun., vol. e89-B, no. 6, June 2006.

[4] J. Kim, C. S. Cho, and J. W. Lee, “5.2 GHz notched ultra-wideband an-

tenna using slot-type SRR,” Electron. Lett., vol. 42, no. 6, pp. 315–316,

March 2006.

[5] M. Abdollahvand, H. R. Hassani, and G. R. Dadashzadeh, “Novel modified

monopole antenna with band-notch characteristic for UWB application,”

IEICE Electron. Express, vol. 7, no. 16, pp. 1207–1213, 2010.

[6] L. N. Zhang, S. S. Zhong, X. L. Liang, and C. Z. Du, “Compact omni-

directional band-notch ultra-wideband antenna,” Electron. Lett., vol. 45,

no. 13, June 2009.

c© IEICE 2011
DOI: 10.1587/elex.8.423
Received January 27, 2011
Accepted March 14, 2011
Published April 10, 2011

423



IEICE Electronics Express, Vol.8, No.7, 423–428

1 Introduction

Ultrawideband (UWB) technology has undergone many significant develop-

ments in recent years. However, there still remain many challenges in making

this technology live up to its full potential [1]. Among the newly proposed

UWB antenna designs, the printed monopole antennas should be the most

promising candidate for future applications due to their appealing features

of simple structure, satisfactory radiation properties, ease of manufacturing,

and capability for integration with printed circuit boards. Several printed

monopole antennas have been proposed recently [2, 3] to cover the frequency

band that is defined by the Federal Communications Commission (FCC) from

3.1 to 10.6 GHz for UWB applications.

The frequency range for UWB systems between 3.1 to 10.6 GHz will

cause interference to the existing wireless communication systems, for ex-

ample the wireless local area network (WLAN) for IEEE 802.11a operating

in 5.15–5.35 GHz and 5.725–5.825 GHz bands and HIPERLAN/2 in Europe

(5.15–5.35 GHz, 5.47–5.725 GHz), so the UWB antenna with a band-notch

performance is required. Recently in literature, a number of antennas with

band-notch characteristic have been presented. This includes: slot type split

ring resonators (SRRs) etched on the radiating patch [4]; modified printed

monopoles with T-shaped conductor-backed plane [5]; inverted U-shaped slot

embedded in the uniform microstrip line [6], and so on. Nevertheless, most

of these antennas have the common deficiency of large size, which may lead

to a challenging task in miniaturizing antenna design.

In this paper, a novel compact band-notched UWB printed monopole

antenna is presented. Bandwidth enhancement in the upper frequency band

is achieved by using a π-shaped stub in the ground plane. Moreover, to realize

a sharp rejection frequency band from 5 to 6 GHz a pair of hook-shaped slit

embedded in the both side of radiation patch. The designed antenna has a

compact size (16×20×1 mm3) and operates over the frequency band between

3 to 12.5 GHz for VSWR < 2 with the band rejection over the 5–6 GHz.

Experimental and simulated results of the impedance bandwidth behavior,

radiation patterns are presented.

2 Antenna design

Fig. 1 shows the geometry of the proposed antenna. The radiating monopole

and feeding mechanism are printed on the top side of the substrate, while the

ground plane is printed on the bottom side. This antenna is printed on an

FR4 microwave substrate with size of 20 × 16 mm2, thickness of 1 mm, and

dielectric constant of 4.4. The width of the microstrip feed line Wf is fixed

at 1.86mm to achieve 50-Ω characteristic impedance from 3–12.5 GHz.

The π-shaped stub is playing an important role in the broadband charac-

teristics of this antenna, because it can adjust the electromagnetic coupling

effects between the rectangular patch and the ground plane, and improves its

impedance bandwidth without any cost of size or expense. This phenomenon

occurs because with use of a π-shaped stub in the ground plane additional
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Fig. 1. Configuration and parameters of the proposed

monopole antenna (unit: mm).

coupling is introduced between the bottom edge of the rectangular patch and

the ground plane.

The hook-shaped slits in the radiating patch perturb the resonant re-

sponse. At the notch frequency, the current concentrated on the edges of

the interior and exterior of the hook-shaped slits. This leads to the desired

high attenuation near the notch frequency. The band-notch characteristic

can be achieved by carefully choosing the parameters (L2 and W2) for the

hook-shaped slits.

The optimal dimensions of the designed antenna are as follows: Lsub =

20 mm, Wsub = 16 mm, Wf = 1.86 mm, L2 = 4 mm, L3 = 2 mm, L4 =

3.5 mm, Lf = 7 mm, W2 = 0.5 mm, Lgnd = 3.5mm, Wp = 10 mm, W1 =

6 mm, L1 = 0.3 mm, and Lp = 0.5mm. Moreover, the structure of the

antenna is symmetrical with respect to the longitudinal direction. The pro-

posed printed monopole antenna with optimal design was built and tested in

the Antenna Measurement Laboratory at Iran Telecommunication Research

Center (ITRC).

3 Results and Discussion

The parameters of the proposed antenna are studied by changing one param-

eter at a time and fixing the others. To fully understand the behavior of the

antenna’s structure and to determine the optimum parameters, the antenna

was analyzed using Ansoft HFSS. The optimized values of each physical

dimension of the proposed antenna are shown in Fig. 1.

Fig. 2 (a) shows the effects of π-shaped stub and filter structure on the

impedance matching in comparison to the same antenna without stub and

filter structure. As shown in Fig. 2 (a), in the proposed antenna configura-

tion, the ordinary rectangular monopole can provide the fundamental and

next higher resonant radiation band at 3.7 and 8.5GHz, respectively, in the
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Fig. 2. (a) Simulated VSWR curves for the proposed an-

tenna with and without stub and filter structure,

(b) Simulated VSWR for proposed antenna in

terms of L1, (c) Simulated VSWR for proposed

antenna in terms of W1, (d) Simulated VSWR for

proposed antenna in terms of L2, and (e) Sim-

ulated VSWR for proposed antenna in terms of

W2.

absence of the π-shaped stub. By the use of π-shaped stub in the ground

plane, the impedance bandwidth increases to the great frequency band from

3 GHz to more than 12.5 GHz, because the additional resonant mode has

been generated. From the simulation results in Fig. 2 (a), it is found that by

inserting the π-shaped stub, the third resonance occurs at 11.75 GHz. There-

fore, the antenna impedance changes at this frequency due to the resonant

properties of the π-shaped stub. Also, as shown in Fig. 2 (a), the notched

band, covering the 5-GHz WLAN band, is provided by inserting a pair of

hook-shaped slit in the both side of radiating patch.

The simulated VSWR curves with different values of L1 are plotted in
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Fig. 2 (b) (W1 = 6 mm). From the simulation results in Fig. 2 (b), it is ob-

served that the upper frequency is significantly affected by the variation in

length L1. The simulated VSWR curves with the optimal length L1 for var-

ious widths W1 are plotted in Fig. 2 (c). It is observed that as the width

W1 increases from 3 to 6 mm, the impedance bandwidth in the upper fre-

quency band improves and so the fractional impedance bandwidth greatly

increases from 105 to 123%. Moreover, as the width W1 increases to 7 mm,

the impedance bandwidth reduces slightly. On the other hand, the lower fre-

quency of the band is insensitive to the changes of W1 and L1. We conclude

that the parameters W1 and L1, are the critical parameters to determine the

upper operating frequency, impedance bandwidth and impedance matching.

Fig. 2 (d) illustrates the simulated VSWR characteristics with various

lengths L2. Fig. 2 (d) shows that the small changes in the length of the L2,

has significant effect on the position of center frequency of notched band. As

the length L2 increases from 2.5 to 5 mm, the center frequency of notched

band is varied from 6.65 to 4.8 GHz. In addition, the total notched bandwidth

of the antenna decreases as L2 increased. The simulated VSWR curves with

different values of W2 are plotted in Fig. 2 (e). As shown in Fig. 2 (e) when

the weight of W2 increases from 0.2mm to 0.8 mm, the center frequency of

notched band is varied from 6.2 GHz to 4.9 GHz with higher VSWR charac-

teristics peak. From these results, we can conclude that the notch frequency

is controllable by carefully choosing the weight W2 and length L2 of the

hook-shaped slits.

Fig. 3 (a) shows the current distribution at the notch frequency of 5.5 GHz.

It can be observed on Fig. 3 (a) that the current concentrated on the edges

of the interior and exterior of the hook-shaped slits at 5.5 GHz. Therefore,

the resultant radiation fields cancel out and high attenuation near the notch

frequency is produced. Hence, the antenna does not radiate efficiently.

To verify the proposed design, a prototype of the antenna based on opti-

mized dimensions has been fabricated, as shown in Fig. 3 (b). The impedance

bandwidth was measured by using an Agilent 8722ES vector network ana-

lyzer. As shown in Fig. 3 (b), the good agreement between the simulated

and measured results is observed. The discrepancy between the simulated

and measured results can be mostly attributed to the measured environment

effect and the tolerance in manufacturing. It is noted that the simulated

impedance bandwidth for VSWR < 2 is from 3 to 12.5 GHz with a notched

band ranging from 5 to 6 GHz, whereas the measured impedance bandwidth

is from 2.9 to 12 GHz with a notched band of 4.9 to 6.05 GHz, which covers

the desired 3.1–10.6 GHz and avoids WLAN/HIPERLAN/2 interference.

Two principle planes are selected to present the radiation pattern of the

fabricated antenna. These are referred to as y-z plane (E-plane) and x-z

plane (H-plane). Fig. 3 (c) illustrates the measured and simulated radiation

patterns in the H-plane and E-plane at the frequencies of 4, 7, and 10 GHz of

the UWB band. It can be seen that the radiation patterns in the H-plane are

nearly omnidirectional for the three frequencies. By comparing the measured

and simulated patterns of Fig. 3 (c), a good agreement is observed.
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Fig. 3. (a) Simulated current distributions at 5.5 GHz

(notch frequency), (b) Photograph of the fabri-

cated prototype and comparison between mea-

sured and simulated VSWR for the proposed an-

tenna, and (c) Measured and simulated radiation

patterns of the proposed antenna at frequencies 4,

7, and 10 GHz.

4 Conclusion

A novel compact UWB printed monopole antenna with band-notch char-

acteristic has been presented. We illustrated that by inserting a π-shaped

stub with proper dimensions in the ground plane, a wide impedance band-

width from 3 to 12.5 GHz is achieved. Frequency band-notch performance is

achieved by adding hook-shaped slits in the radiating patch. The effects of

the various geometrical parameters on the antenna performance are studied.

The radiation pattern of this antenna shows good omni-directional pattern

throughout the UWB frequency range.c© IEICE 2011
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