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Abstract ─ A design of a compact band-notched slot 
antenna by using defected structures with time domain 
designing method for UWB applications is presented. By 
cutting two modified meander line slots in the ground 
plane, a new resonance at the higher frequencies is 
excited, and hence, much wider impedance bandwidth 
can be produced that provides an ultra-wideband (UWB) 
frequency range. To generate a band-notched 
characteristic, we use the step-impedance resonator 
(SIR) slot at feed-line which contains a rectangular slot 
with a W-shaped strip protruded inside the slot. The 
proposed antenna can operate from 3.07 to 12.91 GHz
with frequency band-notched function in 5.12-5.96 GHz
to avoid interference from WLAN systems. To verify the 
validation of the proposed antenna, the equivalent circuit 
based on time domain reflectometry (TDR) analysis is 
presented. The proposed antenna exhibits almost omni-
directional radiation patterns in UWB frequency range. 
The designed antenna has a small size of 20×20 mm2. 

Index Terms ─ Defected transmission line, microstrip 
slot antenna, time-domain modeling. 

I. INTRODUCTION 
Commercial UWB systems require small low-cost 

antennas with omni-directional radiation patterns and 
large bandwidth [1]. It is a well-known fact that planar 
slot antennas present really appealing physical features, 
such as simple structure, small size and low cost. Due to 
all these interesting characteristics, planar slots are 
extremely attractive to be used in emerging UWB 
applications and growing research activity is being
focused on them [2]-[3], and automatic design methods 
have been developed to achieve the optimum planar 
shape [4]-[6]. The wide frequency range for UWB 
systems between 3.1 to 10.6 GHz will cause interference 
to the existing wireless communication systems, such as 
the local area network (WLAN) for IEEE 802.11a which 
operates in 5.15-5.35 GHz and 5.725-5.825 GHz bands. 
Therefore, in order to elliminate this unwanted 

interference, UWB antenna with band notch function is 
required. Several planar antennas with band notch 
characteristics have recently been presented. The easiest 
and most common technique is embedding a narrow slot 
into the radiating patch of the antenna and change the 
current flows on it, as used in [7]-[9]. In [7], different 
shapes of the slots (i.e., square ring and folded trapezoid) 
are used to obtain the band notch function. On the other 
hand, another method to avoid this frequency 
interference is the use of reconfigurable antennas. In [8], 
RF MEMS are used for notching the WLAN band while 
in [9], PIN diodes are used for the same reason. 

In this paper, a simple method for designing a novel 
and compact microstrip-fed slot antenna with band-stop 
performance and time domain reflectometry analysis for 
UWB applications has been presented. In the presented 
antenna, based on defected ground structures (DGS) for 
bandwidth enhancement we use a pair of meander line 
slots in the ground plane and also based on defected 
microstrip structures (DMS), to generate a band-stop 
performance a rectangular slot with a W-shaped strip 
protruded inside the slot was inserted at feed-line [6]. 
Unlike other band-notched UWB antennas reported in 
the literature to date [3-6], this structure has an ordinary 
square radiating stub configuration. We also report their 
circuit models based on TDR analysis. The size of the 
designed antenna is smaller than the UWB antennas with 
band-notched function reported recently [3]-[9]. 
Simulated and measured results are presented to validate 
the usefulness of the proposed antenna structure for 
UWB applications. 

II. ANTENNA DESIGN AND
CONFIGURATION 

The square slot antenna fed by a 50 Ω microstrip line 
is shown in Fig. 1, which is printed on a FR4 substrate 
of width mmWsub 20� and length mmLsub 20� ,
thickness 0.8 mm, permittivity 4.4, and loss tangent 
0.018. The proposed antenna is connected to a 50 Ω 
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SMA connector for signal transmission. In this structure, 
by cutting the two meander line slots of suitable at the 
ground plane, it is found that much enhanced impedance 
bandwidth can be achieved for the proposed antenna. 
Regarding defected ground structures, the creating slots 
in the ground plane provide an additional current path. 
The DGS applied to a microstrip line causes a resonant 
character of the structure transmission with a resonant 
frequency controllable by changing the shape and size of 
the slot [10]. In addition, the defected microstrip 
structure (DMS) is playing an important role in the band-
stop characteristic of this antenna, because it can adjust 
the electromagnetic coupling effects between the 
radiating stub and the ground plane. This phenomenon 
occurs because, with the use of a defected structure in 
transmission line distance, additional coupling is 
introduced between the bottom edge of the square 
radiating stub and the ground plane [9] and creates a
band rejection around 5.12-5.96 GHz. 

(c)

Fig. 1. Geometry of the proposed slot antenna with 
defected structures: (a) top layer, (b) bottom layer, and 
(c) the proposed antenna equivalent circuit model. 

The final dimensions of the defected structures are 
as follows: 1.25 ,XW mm� 3.8 ,XL mm� 1 1.05 ,XW mm�

1 1.6 ,XL mm� 2 1 ,XW mm� 2 1.2 ,XL mm� 3 1 ,XL mm�
1.2 ,W mm� 1 3.3 ,L mm� 1 0.6 ,W mm� 2 3 ,L mm�

2 0.55 ,W mm� 3 3.1 ,L mm� 3 0.1 ,W mm� 4 1.1 ,L mm�

4 0.3 ,W mm� 5 1.1 ,L mm� and 5 0.1 .W mm�

III. DEFECTED TRANSMISSION LINE 
A. Defected structures (DGS and DMS) and its 
equivalent circuit models 

Recently, the defected ground plane structures 
(DGS) and defected microstrip structure (DMS) have 

been proposed for suppression of spurious response in 
the microstrip structures [11]-[12]. The proposed DGS 
and DMS with their equivalent circuit models are shown
in Figs. 2 and 3, respectively. These defected structure 
on the ground plane and feed-line will perturb the 
incident and return current and induce a voltage 
difference on the ground plane and microstrip feed-line. 
These two effects can be modeled as a parallel LC circuit 
[12]. The resistance in equivalent circuits represents the 
loss of the slot and slit, which is small in general [13].

            
(a) (b) 

Fig. 2. (a) Geometry of the proposed defected ground 
structure (DGS), and (b) equivalent circuit model. 

          
(a) (b) 

Fig. 3. (a) Geometry of the proposed defected microstrip 
structure (DMS), and (b) equivalent circuit model. 

B. Time domain reflectometry analysis 
In this section, the proposed defected structures with 

mentioned design parameters were simulated, and the 
TDR results of the input impedance for them in 
equivalent circuit and full-wave analysis cases are 
presented and discussed. The simulated full-wave TDR 
results are obtained using the Ansoft simulation software 
high-frequency structure simulator (HFSS) [14].

In order to calculate of the TDR results for the 
proposed equivalent circuits, the impedance of these 
circuits in Laplace domain can be represented as (1) and 
(2): 

2 ,
1DGS

Ls RZ
LCs RCs

�
�

� �
(1) 
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Assume that the characteristic impedance of the 
microstrip line is 0 ,Z  we can write the reflection 
coefficient through defected structures as (3) which is 
observed at the source end, i.e., Port 1: 

 � �
0

( )
Γ ,

( ) 2Z
Z ss

Z s Z
�

�
 (3) 

where Z(s) is defected structures impedance as shown in 
(1) and (2), and Z0 is equal to 50 Ω. Therefore, the 
reflected waveform for the proposed DGS and DMs can 
be written as: 
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A step voltage source with rise time r%  and 
amplitude 0 ,V  can be expressed as [13]: 
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Therefore, the reflected waveform in Laplace domain 
can be written as: 
 � � � � � �,.Γ .TDR in DGS DMSV s V s s�  (7) 

In TDR measurements, the impedance follows 
from: 
 � � � �� � � � � �� �0 ,TDR in TDR in TDRZ Z V t V t V t V t� � � �  (8) 

where 0Z  is the characteristic impedance of the 
transmission line at the terminal. 

Figures 4 and 5 show the simulated reflection 
waveforms observed at port 1 of the defected structures, 
as shown in Fig. 2 and Fig. 3, and with a 50 Ω 
termination on port 2. The excitation source is a step 
wave with amplitude 1 Volt and rise time of 30 psec. The 
corresponding result predicted by the equivalent circuit 
model is also shown in these figures. As shown in Figs. 
4 and 5, TDR curves have started with impedance just 
under 50 Ω. At impedance discontinuities, part of the 
input signal is reflected. These reflections, after traveling 
back, reach terminal Port 1 and are observed there [15]. 
We computed the values of the L, R and C of the 
proposed equivalent circuits, by fitting the TDR curves 
of equivalent circuit (RLC circuit) with the TDR curves 
of DGS/DMS, by proposing two equivalent circuit 
models we can try to tune the parameters of the circuit 
elements in the models so that time domain response 
from theoretical analysis match. The optimal dimensions 
of the equivalent circuit models parameters are specified 
in Table 1. 
 

 
 
Fig. 4. The reflected waveforms simulated by HFSS and 
predicted by equivalent circuit model, and the proposed 
defected microstrip structure shown in Fig. 2. 
 

 
 
Fig. 5. The reflected waveforms simulated by HFSS and 
predicted by equivalent circuit model, and the proposed 
defected ground structure shown in Fig. 3. 
 
Table 1: Equivalent circuit model parameters 

Element DMS DGS 
L 2.8 (nH) 1.6 (nH) 
C 6.1 (pF) 17.75 (pF) 
R 0.532 (Ω) 0.73 (Ω) 

. 
IV. RESULTS AND DISCUSSIONS 

The planar slot antenna with various design 
parameters were constructed, and the numerical and 
experimental results of the input impedance and 
radiation characteristics are presented and discussed. 
The parameters of this proposed antenna are studied by 
changing one parameter at a time and fixing the others. 

Figure 6 shows the structure of the various antennas 
used for simulation studies. Return loss characteristics 
for ordinary square slot antenna (Fig. 6 (a)), with two 
modified W-shaped slots with variable dimensions on 
the ground plane (Fig. 6 (b)), and with two modified  
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meander line slots with variable dimensions on the 
ground plane and a protruded W-shaped strip inside 
rectangular slot on the feed-line (Fig. 6 (c)), are 
compared in Fig. 7. As shown in Fig. 7, it is observed 
that the upper frequency bandwidth is affected by using 
the modified meander line slots in the ground plane and 
notched frequency bandwidth is sensitive to the 
protruded W-shaped strip inside rectangular slot on the 
feed-line. 

Fig. 6. (a) The ordinary square slot antenna, (b) the 
square antenna with two modified W-shaped slots on the 
ground plane (DGS), and (c) the square antenna with two 
modified meander line slots on the ground plane and a
protruded W-shaped strip inside rectangular slot on the 
feed-line (DGS and DMS). 

Fig. 7. Simulated return loss characteristics for antennas 
shown in Fig. 6.

As shown in Fig. 7, in the proposed antenna 
configuration, the ordinary square slot can provide the 
fundamental and next higher resonant radiation band at 
4.12 and 8.18 GHz, respectively, in the absence of these 
defected structures. The upper frequency bandwidth is 
significantly affected by using the meander line slots on 
the ground plane. This behavior is mainly due to the 
change of surface current path by the dimensions of 
meander line slots at third resonance frequency (12.65 
GHz), as shown in Fig. 8 (a). In addition, by inserting the 
protruded W-shaped strip inside rectangular slot with 
variable dimensions on the feed-line, a band notched 
function is created [6]. Figure 8 (b) presents the 

simulated current distributions on the radiating stub and 
feed-line at the notched frequency (5.5 GHz). As shown 
in Fig. 8 (b), at the notched frequency the current flows 
are more dominant around of the protruded W-shaped 
strip inside rectangular slot at feed-line. 

Fig. 8. Simulated surface current distributions plane for 
the proposed slot antenna: (a) on the ground at the third 
resonance frequency (12.65 GHz), and (b) on the 
radiating stub at notch frequency (5.5 GHz). 

In order to increase the upper frequency bandwidth, 
two meander-line slots are inserted in the ground plane 
of the proposed antenna, as displayed in Fig. 1. To 
investigate the effects of meander-line slots size on the 
proposed antenna, the simulated return curves with 
different values of meander-line slots lengths are plotted 
in Fig. 9. It is found that by inserting the meander line 
slots with suitable dimensions in the ground plane 
additional resonance is excited, and hence, much wider 
impedance bandwidth with multi-resonance 
characteristics can be produced, especially at the higher 
frequencies. 

Fig. 9. Simulated return loss characteristics of the 
proposed antenna with different values of LX. 

In order to generate band notched performance, a
protruded W-shaped strip inside rectangular slot is 
inserted in the microstrip feed line of the proposed 
antenna, as displayed in Fig. 1. Four such structures with 
different sizes are specified in Table 2 as cases 1, 2, 3 
and 4. 
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Table 2: Four cases of proposed antenna with different 
values of protruded W-shaped strip 

Parameter W 
(mm) 

L1 
(mm) 

W2 
(mm) 

L3 
(mm) 

Case I 1 2.8 0.5 2.5 
Case II 1.2 3.3 0.55 3.1 
Case III 1.4 3.3 0.6 3.3 
Case IV 1.25 3.8 0.65 3.6 

 
Figure 10 shows the effects of protruded W-shaped 

strip with different values on VSWR characteristics. 
From these results, we can conclude that the notch 
frequency is controllable by changing the protruded W-
shaped strip length. 

The proposed antenna with optimal design, as 
shown in Fig. 11, was built and tested. Figure 12 shows 
the measured and simulated return loss characteristics of 
the proposed antenna. The fabricated antenna has the 
frequency band of 3.06 to over 14.27 GHz. As shown in 
Fig. 12, there exists a discrepancy between measured 
data and the simulated results. This discrepancy is 
mostly due to a number of parameters, such as the 
fabricated antenna dimensions as well as the thickness 
and dielectric constant of the substrate on which the 
antenna is fabricated, the wide range of simulation 
frequencies. 
 

 
Fig. 10. Simulated VSWR characteristics for the 
proposed antenna with four cases 1, 2, 3 and 4 as shown 
in Table 2. 

 
Fig. 11. Photograph of the realized printed square slot 
antenna. 

 
Fig. 12. Measured and simulated return loss for the 
proposed antenna. 
 

Figure 13 shows the measured radiation patterns 
including the H-plane (x-z plane) and E-plane (y-z 
plane). The main purpose of the radiation patterns is to 
demonstrate that the antenna actually radiates over a 
wide frequency band. It can be seen that the radiation 
patterns in x-z plane are nearly omni-directional for the 
four frequencies. 

Figure 14 shows the measured and simulated 
maximum gain for the proposed. A two-antenna 
technique is used to measure the radiation gain in the z 
axis direction (x-z plane). It can be observed in Fig. 14, 
that by using defected ground and defected microstrip 
structures, a sharp decrease of maximum gain in the 
notched frequency band at 5.5 GHz are shown. Also, as 
shown in Fig. 14, the measured results agree very well 
with the simulated results in the desired frequencies. 

 
Fig. 13. Measured radiation patterns of the proposed 
antenna. 

 
Fig. 14. Measured and simulated maximum gain for the 
proposed antenna in the z axis direction (x-z plane). 
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V. CONCLUSION 
In this paper, a novel compact printed slot antenna 

(PSA) with band notched function and a novel time 
domain method to extract the equivalent RLC of the 
defected structures has been proposed for UWB 
applications. The analytic formulations for the 
equivalent circuit model are obtained based on time-
domain reflectometry theory, Laplace transform. The 
fabricated antenna covers the frequency range for UWB 
systems between 3.07 to 12.91 GHz with band-notched 
characteristic around 5.12 to 5.96 GHz to avoid 
interference from WLAN systems. Experimental results 
show that the proposed antenna could be a good 
candidate for UWB application. 
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