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By 
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Abstract: The research thesis is aimed towards the designing of a compact printed ultra wideband antenna 
(UWB) with dual band notched characteristics.  It is a planar monopole micro-strip fed designed antenna 
structure. The radiating patch is rectangular in shape with a partial ground plane. The 3.0 GHz Wi-max band 
is rejected in addition to the 5.0 band used in Wireless Local Area networks (WLAN’s). Simulation is done 
using the “High Frequency Structure Simulator” and the measured values are analyzed. The results 
obtained after using the optimized parameters depict UWB characteristics while rejecting the two bands 
frequencies.  

 
Introduction & Literature Review 
 
This chapter presents the introduction to the 
antennas and various concepts pertaining to the 
designing and implementation of the proposed 
schemes with historical perspective in picture.  
 
 

- Introduction & Background 
 

The Federal Communication Commission in 
early 2002 allowed the commercial use of the 
frequency band falling in the range between 3.1-
10.6 Giga Hertz (GHz). This led to a lot of 
development and research work in the designing 
of the ultra-wideband antennas across the globe. 
The best think about these antennas was there 
very compact size with lesser weight and their 
easy interconnection with the radio frequency 
circuits with much lower costs.  
 
It is noted that the following two narrowband 
technologies are in place which are close to the 
ultra-wide band: 
 

(a) Wimax Standard (IEEE 802.11a) 
 

(b) Wireless Local Area Network 
(WLAN)/HyperLAN2 

 
The 802.11a standard uses the 5 Giga Hertz 
band covering roughly 5.1 to 5.3 GHz & 5.7 to 
5.8 Ghz. Similarly the “High Performance 
LAN” (HyperLAN2) is a Wireless Local Area 
network Standard which provides speeds up to 
54 Mbps in the 5 Giga Hertz bands 
(HyperLAN1 provides speeds equal to 
20Mbps). Hence there is a need to counter or 
mitigate the effects of these narrowband systems 
on the UWB through designing the band-
notched antenna systems. The beauty of the 
band notched antenna is that it significantly 
suppresses interferences from the nearby 

existing communication systems using almost 
the same frequency bands.  
 
The advancement/research in the field of UWB 
antenna designing led to many developments 
and structures, some of them are; 
 

- Bell Shaped patch (staircase structure) 
- Arc shaped Slot (elliptical shaped 

patch) 
- Rectangular Tuning Stub 
- L-Shaped Slot 
- E-Shaped Slot 
- C-Shaped Parasitic Strip 

 
The above different type of antennas all have 
good performance but the challenge of the 
antenna designers is to come up with new 
designs and parametric changes so that a more 
reliable/efficient antenna can be designed. With 
simple micro strip patch antennas, the efficiency 
is generally low. However in case of U shaped 
antennas, the efficiency is high with fair costing 
and less size. It cannot be said with certainty 
which antenna design is better than the other as 
every manufactured units tend to improve its 
performance with versatile approaches.  
 

- Designing approach 
 
In order to deal with the issue, a dynamic 
approach is needed. For this, a monopole micro 
strip planer UWB line fed dual band antenna 
with notched characteristics (3-5 GHz) is 
simulated. A monopole antenna consists of a 
straight rod shaped conducting element 
(rectangular radiating patch), mounted on a 
conducting surface (slotted partial ground 
plane). The signal from the transmitter is 
applied. One end of the antenna has the feed line 
and the other end is attached to the ground 
plane. 
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Dual band notched characteristics (wideband 
matching) can be achieved by the embedding of 
the U-Shaped (inverted + non-inverted) slot 
resonators in the feed-line for the rejection of 
3/5 GHz frequencies and using stair cased 
rectangular radiating element. The adjustment of 
the notched frequencies can be achieved by 
changing the length of the U-Shaped slots. This 
is done to adjust to the notched frequency thus 
helping in a way to achieve appropriate gain and 
acceptable radiation patterns.    

 
It should be noted that the simulated/proposed 
antennas are in reality printed on a FR4 is a 
composite material comprising of epoxy resin 
and woven fiber glass cloth. It is flame resistant 
with self-extinguishing properties.  
 

 
 
 

Table 1.1: Physical/Electrical properties of  
                 FR4  
(Source: http://en.wikipedia.org/wiki/FR-4) 
 
High Frequency Structure Simulator (HFSSS) is 
used for simulation/optimization through the use 
of optimized parameters/values.  
 
Similarly notch filters/characteristics also need 
to be understood. These filters are generally 
compact and have VSWR which is low with 
fewer losses. Some of the available notch filters 
are tabulated below; 
 

 
 
Table 1.2: Notch Filters  
(Source:http://www.microtronics.net/Notch.html) 

 
 
 

- literature Review & Framework 
 
 
The “Band notch UWB planar monopole with 
two parasitic patches” was first introduced by 
Kim, K.H., Cho, Y.J., Hwang, S.H., and Park. 
This was followed by future developments 
which led to the introduction of “Planar ultra-
wideband antenna with a frequency notch 
characteristic” by Huang, and Hsia. As the work 
to further come up with new designs continued, 
Lee, Baik, and Kim came up with a new design 
“A coplanar waveguide fed monopole ultra-
wideband antenna having band-notched 
frequency function by two folded-strip lines”. 
This was followed by “A compact ultra-
wideband slot antenna with multiple notch 
frequency bands”. 
 
Keeping in picture the above narrated research 
works, my research aims to focus on the simple 
and compact Micro strip-fed antenna covering 
the UWB operation band with notched-band. 
This will be followed by the details of the 
antenna design and its performance 
measurements. UWB antennas with band-notch 
characteristic have been studied in [1–4]. 
However, most of the antennas were designed 
with only one notched frequency band e.g. [1–
3]. In [4] authors proposed a dual band notch 
antenna, their design is based on making use of 
a two split resonant rings (SRR). Moreover, 
within the proposed design the two rejected 
bands cannot be tuned respectively. 
 
 
An extensive work undertaken in the field of 
“antenna and propagation” was presented in the 
14th Biennial international Symposium [5]. This 
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is a collection of hundreds of papers pertaining 
to the research undertaken as of 2014. 
 
 

- Research Drive 
 
With the extensive use of Wimax Standard 
(IEEE 802.11a) & Wireless Local Area Network 
(WLAN)/HyperLAN2 standards, the newly 
commercialized UWB needs to be used for 
which there is an extensive need to look at 
mechanisms in which the interference from dual 
bands can be mitigated. This will further lead to 
the designing/fabrication of compact sized, 
micro strip, light weight efficient antennas.  

 
Furthermore, Micro strip antennas are used 
extensively in varied range of applications 
which include radars, biomedical systems, 
mobile/satellite Communications etc. As UWB 
systems work over ultra-wide frequency 
(spectrum) which overlaps with the existing 
wireless infrastructures i.e. Global Positioning 
System (GPS), and the IEEE 802.11 WLAN, 
hence the notch band UWB printed antenna is 
one of the ways to counter this problem. Notch 
band will be used as a band stop filter in order to 
mitigate the interference with the existing 
wireless systems. 
 
 

 
 
Table 1.3: IEEE 802.11 & 802.11a standard  
 
 

 
 
Table 1.4: HyperLAN standard  
 
 
Basis of Research 
 
   

- Research Problem 
  
Ultra-wideband (UWB) system design and 
application have become the focus of wireless 
communication. The problem with the wireless 
system is that it is already crowded with a 
number of narrowband standards being in 
operation which include the WLAN & WIMAX 
in particular. Hence the fallout is the availability 
of the vacant UWB. His problem can be 
overcome by overlaying of the UWB over 
existing (partially-vacant-spectrum) in such a 
dynamic way so that the ultra-wide band must 
not use the existing occupied effective part of 
the spectrum.  

 
There can be several techniques which can be 
used to achieve this goal. Researchers have used 
band stop filters in the path of transmit and 
receive signals in the allowed part of the 
spectrum.  However the problem with using the 
band stop filters is that they are the active filters 
and their power consumption and complexity 
further complicates things. Another more 
progressive and innovative approach relates to 
using notch antennas which only transmit & 
receive energy in the allowed bands. This 
intended research will focus on investigating 
and proposing antennas with notch band 
characteristics.   
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- Aims and Objectives 
 

The main objectives of the research are: 
 

- To design a compact ultra-wideband 
Micro strip-fed planar antenna with 
dual band-notch. Frequencies of 3GHz 
(range 3.4-3.7GHz) & 5GHz (5.1-
5.8GHz) will be 
investigated/simulated. 
 

- To validate/simulate the proposed 
design by using HFSS (High 
Frequency Structure Simulator) 
environment. 

 
- Research Methodology 

 
- A Patch antenna having dual band-

notch function will be designed for 
UWB applications.  
 

- A basic mathematical model of the 
proposed antenna will be applied for 
achieving dual-stop-band. 

 
- Proposed antenna will be implemented 

within HFSS, a simulation tool. 
 

- By using simulations, proposed design 
will be analyzed and fine-tuned.  

 
- Through HFSS Software (High 

Frequency Structure Simulator) 
different radiating patterns will be 
produced.  
 

  
Antenna Design & Simulator 
 

- Antenna Design  
 
Before we discuss the design of our proposed 
antenna, it is important to understand few 
defining principles pertaining to antenna design. 
Antenna designing involves selecting 
dimensions, patterns and the materials which are 
used for the building of the antenna system. 
Voltage standing wave ratio, impedance 
matching, radiation patterns/efficiency, 
dispersion and delays are some of the 
parameters which need proper dimensioning for 
antenna designing. In case of ultra-wide band 
systems, these parameters greatly affect the 
performance; which certainly is not the case of 
narrowband antenna’s where these values are 
constant.  
 
The following parameters require special care 
for UWB designing; 
 

- Bandwidth 
- Group Delay 

- Dispersion 
- Antenna Directivity 
- Antenna gain 
- Radiation Efficiency 
- Impedance Matching 

o Voltage Standing wave Ratio 
(VSWR) 
 

In addition to the above, certain other design 
requirements include; 
 

- Operation in the UWB frequency range 
- Avoiding Return Loss 
- Linear phase 
- Constant Group Delay 
- Reduced dispersion of pulses 
- Omni-Directional Radiation pattern 
- Minimum antenna gain 
- Low power spectral density 
- High radiation efficiency 
- Reduced conductor and dielectric 

losses 
- Compact Physical Size 
- Robust 

 
The earlier developments in the designing of 
micro strip antennas started in seventies. 
However major developments took place in 
eighties. The micro strip antenna has a radiating 
patch, made of a grounded substrate. A metallic 
strip which is very thin in size is placed on the 
grounded substrate. Following are the 
parameters which define the shapes/sizes of the 
antennas; 
 
Length = L 
Width = W 
Substrate Thickness = h 
Thickness of the Patch = t  
 
The antenna dimension is diagrammatically 
depicted in figure 3.1.  
 

 
 
Fig 3.1: Antenna dimensions  
 
Higher the thickness of the substrate and lower 
the dielectric constant, the performance can be 
enhanced. The dielectric constant’s (εr ) 
preferred range should be between 2.2 ≤ 
Dielectric Constant ≤ 12.  
 
Similarly we have many different shapes for the 
radiating patch shown in figure 3.2.  
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Fig 3.2: Radiating Patches Shapes  
 
 
Lastly we have the feeding of the transmission 
line mechanism which includes feeding the 
radiating patch through a strip made of a 
conducting material and by attaching it directly 
to the edge of the patch. The same is shown I 
figure 3.3.  
 

 
 
Fig 3.3: Transmission line (feeding 
mechanism)  
 
Keeping the above factors in mind, the 
simulated antenna will be fed with a fifty ohms 
micro strip-line. The proposed fabrication is to 
be done on the FR4substrate. The thickness of 
the substrate is generally taken as 1.60 mm. As 
mentioned above, for the substrate, generally the 
relative permittivity is set. The relative 
permittivity of the materials is its dielectric 
permittivity which is a ratio relative to that of 
the permittivity in the vacuum (ε0 = 8.85 × 10−12 
F/m).  The relative permittivity of 4.4 is 
suggested (range: 2.2 ≤ Dielectric Constant ≤ 
12).  
 
Figures-3.4 through 3.7 shows the geometry of 
the proposed simulated antenna. Rectangle 
shape radiating element (fed with 50Ω micro 
strip transmission line) is used with a stair cased 
symmetric structures at the bottom corners of 
the rectangular radiating element.  
 

 
 
Fig 3.4: Antenna Design (Ground, Patch & 
rectangular radiating line)  

 
 
Fig 3.5: Antenna Design (U-Shaped Patch)  
 

 
 
Fig 3.6: Antenna Design (U-Shaped & 
Inverted U-shaped Patch)  
 

 

 

                                                    

      
                 Square         Rectangular   Dipole           Circular                  Elliptical 

 

   

 
Triangular                  Disc sector                  Circular ring                        Ring sector 
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Fig 3.7: Proposed Designed Antenna with 
dimensions  
 
Table-3.1 lists the other physical dimensions of 
the proposed/simulated antenna; 

 
 Table-3.1: Antenna Dimensions 
 

 

 
Fig 3.8: Proposed Antenna 
              (prototype/visualization) 
 

- High Frequency Structure Simulator 
(HFSS) 

 
High Frequency Structure Simulator (HFSS) is 
used. It is a very authentic commercially used 
tool used for the antenna designing. The various 
steps required for simulation can be described 
as: 
 

1. Open or Make new project 
2. Draw objects 
3. Assign material property 
4. Define boundary conditions 
5. Solve 
6. Display result 

 
 

 
 
 
Fig 3.9: HFSS Simulator (sample)  
   
  
Analysis & Simulations 
 

- Voltage Standing Wave Ratio 
(VSWR) 

 
Voltage Standing Wave Ratio is the term 
extensively used in the radio communications 
and is the measure of the impedance matching 
of the loads to the impedance of the 
transmission line. For the Transmitters or 
receivers in case of Radio Transmission, in 
order to ensure that the power is delivered to the 
antenna, the impedance of the radio and the 
transmission line has to be well matched to the 
impedance of the antenna. Hence the Voltage 
Standing wave Ratio is a numerical 
representation of how well the matching has 
been achieved. VSWR in turn is a function of 
the coefficient of reflection which describes the 
reflected power from the antenna.  

 
Impedance is basically the ratio between the 
magnetic and the electric fields. As electric and 
magnetic fields are generally not in phase, hence 
we see a complex value when the impedance is 
specified. Hence e.g. if the transmission line has 
an impedance represented by Z1 and the 
impedance of the antenna is denoted by Z2 and 
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if they are not the same, it will result in a 
mismatch which will further lead to the incident 
signal being reflected back to the source. 
Reflection Coefficient depicts this reflection in 
mathematical terms.  
 
Reflection Coefficient = Reflected Voltage / 
Transmitted Voltage 
 
Or 
 
(Z2 - Z1) / (Z2 + Z1)    

 
So in order to achieve perfect impedance 
matching, the concept of VSWR comes in to 
play.  It is the ratio of peak voltage maximum to 
the peak voltage minimum.  
 
If, 
 
VSWR = 1 (No reflection/Return loss) 
 
However this ideal condition is extremely 
difficult to achieve in the real scenarios. 
 
Hence if, 
 
VSWR < 2, we consider it a good acceptable 
matching.  
 
In order to have a clear understanding, VSWR 
of a typical ultra-wide band antenna which has 
no slots is studied. Figure 4.1 depicts the results; 
 

 
 

Fig 4.1: UWB antenna (VSWR vs frequency) 
 
It is to be noted that in case of the old antennas, 
the voltage standing wave ratio between the 
frequency ranges of 3.1 – 11.8 GHz, is ≤ 2. 
What we see here is a reasonable perfect 
impedance matching (both between micro strip 
transmission line and the stair cased radiating 
element). This structure greatly improves the 
impedance matching along with the bandwidth.  
 
 
What has been observed that IEEE 802.11a & 
HiperLAN/2 WLAN systems also operate with 
the ultra-wide band spectrum; hence an eminent 
threat of interference is introduced. The 
implementation of the band-notch scheme 

becomes more relevant to cancel the effects 
from the interference from these mentioned 
narrow bands.  
 
Say, if we remove (a) inverted U-shaped slot (b) 
U-shaped slot, the dual band notch function is 
observed. The frequency (rejected) can be 
calculated as: 
 

 
(Source: International Journal of Computer 
Theory and Engineering, Vol. 3, No. 6, 
December 2011) 
 
Where;  
 

 
The length of the slot resonator can easily be 
calculated by using the above two equations. 
With the varying of the length of the slots, the 
band-notch frequencies can be adjusted for 
optimization. Here it should also be kept in 
mind that if we can vary the width of the slots, it 
will also have a substantial effect on the 
bandwidth of the notched band.   
 
 

- Simulations 
 
Let’s now look at our proposed antenna. First of 
all we will vary the length of the inverted U 
shaped slot by varying length L2. 
 

 
 
Fig 4.2: L2 Variation effects 
 
The effects of varying length are summarized in 
Table-4.1(a) & (b).  
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Table-4.1(a): Inverted U-Shaped slot 
(length variations) 
 
 

 
Now if we vary L2, for different vales, we will 
get the following results; 
 

 
Table-4.1(b): Different values of L2 
 
 
Let’s now look at the U-Shaped Slot. The 
simulation is shown in Fig-4.3. 
 

 
 
Fig 4.3: L3 Variation effects 
 
The effects of varying length are summarized in 
Table-4.2(a) & (b).  

 
Table-4.2(a): U-Shaped slot (length 
variations) 
 

 
 
Table-4.2(b): L3 Variations 
 

- Analysis 
 
By varying the lengths L2 & L3, our proposed 
antenna maintained the wideband performance; 
the overall antenna response is summarized in 
Table-4.3. 

 
Table-4.3: Proposed Antenna 
Simulation (Performance/impedance)  
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Fig 4.4: Frequency vs Peak Gain 
 
Similarly we looked at the peak gain of the 
proposed antenna. We have simulated the peak 
gain results for a frequency range starting from 
2.5 GHz to 7.5 GHz. At 2.5 GHz, the 
corresponding gain is very high i.e. 8 dbi. 
However we observe a major decrease in the 
antenna gain at frequency of 3.20 GHz. 
Similarly at 5.80 GHz, we see a very obvious 
effect of the band stop characteristics.  
 
It is also important at this stage to have a look at 
the radiation patterns of the proposed antenna at 
different frequencies. Figure-4.5 shows patterns 
in the yz plane with respective frequencies 
shown in different colors.  
 

 
(a) 5.8 Ghz 

 
(b) 3.2 GHz 
 

 
 
(c) 4.5 Ghz 

 
     

 
(d) 5.8, 3.2 & 4.5 GHz 
 
Fig 4.5: Radiation Pattern (yz plane) 
 
 
A close look at all the frequencies will depict 
that we are getting omnidirectional patterns at 
all the simulated frequencies.   In case of 
omnidirectional antennas, the signals are 
sent/received equally in all directions.  
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(a) 5.8 Ghz 
 

 
(b) 3.2 GHz 
 

 
 
(c) 4.5 Ghz 
 
 

 
 
   

 
(d) 5.8, 3.2 & 4.5 GHz 
 
Fig 4.6: Radiation Pattern (xy plane) 
 
However in the xy plane (Figure-4.6), we 
observe the characteristics of a dipole antenna 
with a radiation pattern which is bidirectional. 
But as we move towards the higher frequency, 
we observe distortion. Resultantly, the 
efficiency in the stop bands is much lesser than 
those of the pass band. The radiation efficiency 
of the proposed antenna is more than ninety 
percent in the pass band and less than twenty 
percent in the stop band. 
 

 
 
Fig 4.7: HFSS Snapshot 
 
  
Conclusions/Recommendations  
 

- Conclusion 
 

Based on our simulations, the following drawn 
conclusions: 
 

- In this study, a compact (less weight) 
micro-strip Ultra wide Band (UWB) 
antenna is proposed. 

- The proposed antenna is stair cased. 
-  It has a rectangular radiating patch 
-  The proposed antenna is monopole. 
- After defining various important 

parameters, the simulation was done. 
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- One of the important aspect of 
designing the antenna was the 
matching of the impedance, especially 
in the case of wideband. In order to 
achieve that, the following two steps 
were taken; 

o At the radiating element, a 
stair cased structure was 
introduced. 

o At the ground plane, many 
rectangular slots were 
incorporated.  

- In order to avoid the interference from 
the WiMaz and the WLAN 
(narrowband), the following U-Shaped 
Slots were introduced; 

o Inverted 
o Non-Inverted 

- The above mentioned U-Shaped slots 
helped in the aim of the rejection of the 
bands. 

- The simulated results show the 
following; 

o Dual notched band 
characteristics (over the 
UWB) 

o Radiating patterns were of 
reasonable good quality. 

- Looking at the radiating patterns, the 
proposed antenna can be easily 
integrated with radio frequency (RF).  

- The antenna can be integrated with 
microwave Systems 

- The manufacturing cost is low. 
- Supports various UWB applications. 

 
 

- Future Work  
 
While enhancing this work, I will use the 
Network Analyzer and will do PCB Design and 
fabrication of UWB Micro strip Patch Antenna. 
The prototype can be fabricated and by 
measuring the actual results using the network 
analyzer, the simulated results can be verified.  
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