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Abstract—A compact wideband printed monopole antenna 
with band notch characteristics is proposed and investigated. 
Introducing a two corner notches at the lower edges of  radiating 
patch and notch in destructive ground surface (DGS)   increased 
bandwidth from 3-11GHz. By inserting an inverted U-slot in the 
radiating plane 3.3-4.2GHz (Wi-Max and C-band satellite 
communication) band notch characteristics is obtained. 
Systematic parametric studies have been conducted by changing 
gap distance between radiating patch & defective ground surface 
(DGS), length and width of inverted U-notch. Antenna is 
simulated using CAD FEKO suite (6.2) using method of moment. 
A prototype of antenna is fabricated using a FR4 dielectric 
substrate with a dielectric constant of 4.4 and loss tangent of 0.02 
having dimensions of 11 mm x 15 mm x 1.59 mm. Radiation 
pattern shows directional pattern along E-plane and nearly 
omnidirectional pattern along H-plane. Simulated and measured 
results of the proposed antenna are presented. 

Keywords—band notch; DGS; inverted U-notch; method of 
moments; printed monopole; ultrawideband (UWB). 

I.  INTRODUCTION  
In February 2002, FCC released an unlicensed frequency 
band from 3.1 to 10.6 GHz for commercial operation of ultra-
wideband (UWB) technology. Since then the UWB has been 
considered as one of the most promising wireless technology 
for transmission of signal at very high data rate [1]. UWB 
antenna is the important part of ultra wideband system. Due 
to its fantabulous advantages such as small size, light weight, 
broad bandwidth, omnidirectional radiation pattern, easy of 
fabrication and integration with other MMIC’s, Printed UWB 
antennas are becoming appraisingly popular.  

Within the FCC’s assign licensed free frequency 
band from 3.1 to 10.6GHz,  few narrow band wireless 
communication systems are  exist which cause interference to 
UWB  wireless communication systems, These systems are 
3.3 to 3.7GHz WiMAX (IEEE802.16), 3.7-4.2 GHz C-band 
satellite communication, 5.15-5.825GHz WLAN(IEEE 
802.11a and HIPERLAN/2),7.25-7.75GHz X-band satellite 
communication, 8.025-8.4GHz ITU (International 
Telecommunication Union) band[2].  It is essential to reduce 

the potential inferences produced by aforementioned band in 
UWB frequency band.  In some applications, UWB antenna 
uses filters to suppress interfernce bands. However, the uses of 
filters indeed increase the complexity of the UWB system 
and lead to increase in cost. In the world of miniaturization 
for PCS applications and other handheld devices size of 
system should be small, so it is desirable to design the UWB 
antenna with band notched function to minimize the potential 
interferences between UWB system and narrowband systems 
[3-4]. 

Great numbers of experiments have been conducted 
by researchers to obtain the wide bandwidth [5-7].Bandwidth 
enhancement achieved by exciting modes in vicinity of 
fundamental mode by inserting slots in the patch [8]. 
Integrating parasitic center patch in the rectangular slot improved 
impedance bandwidth [8]. Electromagnetic band gap structure 
is used for design of UWB antenna [9]. Theory of 
characteristics mode (TCM) analysis improved the bandwidth 
of square monopole antenna [10].  Printed UWB with band 
notch characteristics are presented recently. Antennas are 
designed with band notch function at single [11], two notch 
bands [12-13]. Band notch characteristics are obtained by 
embedding a half wavelength and quarter wavelength slots or 
parasitic elements either in patch, ground plane or in microstrip 
feed line. Working principle of band rejection with inserting half 
and quarter wavelength resonator is elaborated [14].  

In this paper we proposed and demonstrated a compact 
UWB antenna with band notch function from 3.3-4.2GHz by 
embedding half wavelength inverted ‘U’ slot in the radiating 
patch. Corner notch at lower edge in radiating patch and notch in 
the DGS enhanced bandwidth from 3 to 11GHz for VSWR ≤ 2. 

II. ANTENNA DESIGN 
The basic geometry of printed monopole antenna is shown in 
Fig. 1. Rectangular patch is fed by a microstrip line. 
Rectangular radiating patch and microstrip feed line are 
printed on same side of the substrate and destructive ground 
structure (DGS) is printed on the other side of the substrate. 
For simulation of antenna substrate FR4 with a dielectric 
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constant (εr) of 4.4, loss tangent (tan δ) = 0
substrate height is used.  

Following formulae are used to desig
antenna. Lower edge frequency is consideredܮ ൌ  ఒସ െ 2 כ W   ܮ߂ ൌ ௖ସ௙ೝ  ට ଶகೝ ାଵ   ߣ ൌ  ஼బሺ௙כ √εೝ ሻ   ߝ௥௘௙௙ ൌ  ఌೝ ାଵଶ ൅ ఌೝ ିଵଶ  ሾ1 ൅ 12 כ ሺ௛௪ሻሿషభమ ܮ∆  ൌ 0.412݄ ሺࣟ௥௘௙௙ାଷሻሺ೓ೢା଴.ଶ଺ସሻሺࣟ௥௘௙௙ି଴.ଶହ଼ሻ ሺ೓ೢା଴.଼ሻ                 

 
Where L= length of patch, W= width
wavelength, εeff = effective dielectric consta
constant of substrate, ∆L = extension al
substrate height, w = width of substrate. 
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Fig.1 Evolution of Rectangular Monopole
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Fig.4 Geometry of band notch rrectangular monopole antenna with 
dimensions (in  mm) Lp= 15,Wp =11, Lf =12,Wf =2.75,Lgn =2,Wgn 
=4,W1=1,W2=1,L1=1,L2=1,g =1,Lgnd =11,Wsub =30,Lsub =30 

D. Effect of slot lentgh 

 Fig.5 Simulated band rejection characteristics of band notch rectangular 
monopole antenna 

 
Parametric study is carried out by changing one parameter at a 
time and other parameters are kept constant. In this study 
length of the inverted ‘U’ is changed from 21.65mm to 
24.65mm.Incresae in the slot length results in shifting of 
resonance frequency towards lower side. For final design 
23.65mm slot length is selected as highest notch amplitude 
with sharp selectivity is observed at this length. 

E. Effect of slot width 
Increase in width of inverted ‘U’ slot causes increase in 
rejection bandwidth. Large width increases current path for 
flow of current and increases the rejection bandwidth. At 
0.3mm we observed the required band notching within 
aforementioned frequency band hence this slot width is 
consider for final antenna design. 
 

 
Fig.6 Simulated band rejection characteristics of band notch rectangular 
monopole antenna 

F. Radiation characteristics 
Radiation characteristics describe the energy directed by the 
antenna [6]. Fig.7 shows the radiation pattern for elevation 
plane (�=90⁰) and azimuth plane (�=0⁰) at f=3.1 GHz, f= 5.5 
GHz and 7.5GHz. Radiation pattern of figure eight is observed 
in elevation plane and nearly omnidirectional in azimuth 
plane.  

 

         (a)3.1GHz                  (b) 5.5GHz                  (c) 7.5GHz 
Fig. 7 Radiation pattern of band notch rectangular monopole antenna 

 
At notch frequency band maximum current flows in inverted 
‘U’ notch. While for all other frequency band patch radiates as 
depicted in Fig .8. 

 

 
 

(a) 3GHz      (b) 3.5 GHz       (c) 7.5GHz
     

Fig. 8. Current distribution at different frequency of band notch rectangular 
monopole antenna. 



G. Efficency of  bandnotch antenna 
Efficiency of antenna drops to 10% in aforementioned 
rejection band while about 70% at all other frequencies, which 
clearly indicates the antenna filter the frequency band from 3.3 
to 4.2GHz as shown in Fig. 9. 
 

 
Fig. 9 Graph of Efficiency versus frequency of band notch rectangular 
monopole antenna 
 
 

III. RESULTS AND DISCUSSION 
Measured and simulated VSWR of rectangular band notch 

UWB is shown in Fig.10. Measurement was performed with 
an Agilent Field fox N9916A vector network analyzer. 
Measured results are in good agreement with the simulated 
results. Inverted ‘U’ notch successfully provided a band 
notching from 3.3 to 4.2 GHz frequency. While ultra 
wideband behavior is observed for remaining frequency band 
from 3GHz to 11GHz. Small variations in the measured 
VSWR are observed which may be due to solder SMA 
connector to patch and manufacturing tolerance, but it is with 
one to two VSWR range.  

 
Fig. 10 Measured and simulated VSWR of band notch rectangular monopole 
antenna 

Group delay of UWB antenna should be constant over the 
entire operating frequency band [16]. Above mention two port 
vector network analyzer is used for measurement of group 
delay. In this measurement two identical antennas are 

positioned face to face with 30cm apart from each other. Less 
variations in the group delay over UWB frequency band 
except notched band was noted.  
 

 
Fig. 11 Measured group delay (face to face) of band notch rectangular 
monopole antenna 

Antenna was manufactured using photolithographic 
technique.Fig.12 shows photograph of fabricated prototype of 
band notch rectangular monopole antenna. 

  
Fig. 12 Photograph of fabricated prototype of band notch rectangular 
monopole antenna 

IV. CONCLUSION 
A compact rectangular band notch UWB antenna has been 
designed, simulated, fabricated and measured. By inserting a 
two corner notches in patch and notch in DGS improved the 
impedance bandwidth from 3GHz to 11GHz. Inverted ‘U’ slot 
in the radiating patch produced the band notch characteristics 
from 3.3 to 4.2 GHz  covering wimax (3.3-3.7 GHz) and C-
band downlink (3.7-4.2 GHz) frequency bands. Good band 
rejection characteristics are obtained by optimizing the length 
and width of the slot.  Increase in the length of slot shifts 
resonant frequency to lower side while increase in the slot 
width increases bandwidth of filter band. Except rejected band 
constant group delay has been observed over the entire 
operating frequency band.  
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