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Abstract— A Compact printed UWB slot antenna with tuneable 

extra band is presented in this paper. The pentagonal slot 

antenna that covers the UWB band, 3.1 to 10.6 GHz, is fed by a 

semi circular patch. To create an extra band, an inverted U-

shaped strip is attached to the upper part of the slot. By changing 

the length of this strip the resonance frequency can be adjusted 

from 1.5 to 2.4 GHz with little effect on the UWB performance of 

the antenna. The proposed antenna has compact size of 23 × 29 

mm2 with stable radiation pattern both at the extra and whole of 

the UWB bands. A prototype of the antenna is fabricated and 

measured results are compared with the simulation.     

I. INTRODUCTION 

Since the 3.1---10.6 GHz frequency band has been allocated 
for commercial usage, ultrawideband (UWB) systems have 
received great attention. One of the most important parts of a 
UWB system is designing appropriate antenna with high 
impedance bandwidth, radiation stability and omni-directional 
pattern. As a result, UWB antenna design has been studied 
much in recent years [1]---[5].  

On the other hand, the need for miniaturization of wireless 
systems has resulted in antenna designers to use compact and 
low profile antenna with multifunctional capabilities.  
Recently, more and more researches have been carried out to 
provide compact UWB antennas. This includes: a printed semi 
elliptic antenna [1]; a beveled rectangular patch [2]; a T 
shaped open slot fed by a microstrip line [3]; a rectangular 
monopole with an equal-width ground plane [4] etc.  

However until now only a few researches have been 
reported to integrate UWB antenna with an extra band 
resulting in a compact structure. In [5] the authors employ a 
single L-shaped slot in the ground plane of a compact circular 
disc monopole antenna in order to achieve multiband 
performance. However the final structure cannot cover UWB 
band completely. In [6] an L-shaped stripe is attached at the 
corner of rhomboidal monopole for integration of UWB and 
Bluetooth bands. Also in [7] an extra band for Bluetooth is 
created by a quarter-wavelength stub attached at the high 
concentrated current area in the ground plane. Both of these 
antennas are investigated for a specific frequency. 

In this paper, a simple and compact printed UWB slot 

antenna with an extra band is proposed. The antenna consists 

of a printed pentagonal slot fed by a semi circular patch at the 

other side of the substrate. This structure is responsible for   
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Fig. 1 Configuration of the printed UWB slot antenna with inverted U- shaped 
strip for the extra band.  (a) Top and Bottom layer, (b) side view, (c) the 

fabricated prototype    

UWB band (3.1 to 10.6 GHz). Also an inverted U-shaped strip 

is attached to the upper part of the slot. The inverted U-shaped 

strip can create a tuneable resonance in the input impedance of 

the antenna from 1.5 to 2.4 GHz, which can be adjusted 

according to the strip length without affecting the UWB 

bandwidth much. The proposed antenna structure can be 

designed for operation at 1.5 GHz for GPS or 1.8 GHz for 

GSM or 2.4 GHz for Bluetooth bands. Details of designing the 

proposed antenna via commercially available software 

package HFSS and measurement of a fabricated prototype are 

presented. 
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Fig.2 Current distribution of the proposed antenna with Lt =29 mm for: (a) 1.5 GHz (b) 4.5 GHz (c) 6.5 GHz 

II. ANTENNA DESIGN 

The configuration of the proposed antenna with an extra 
added band is shown in Fig.1 (a) and (b). The fabricated 

prototype of the antenna is shown in Fig.1(c). The antenna is 

etched on a 0.8 mm thick FR4 substrate with ε
r
=4.4 and 

dielectric loss tangent of 0.02. The overall dimension of the 
antenna is 23 × 29 × 0.8 mm

3
. The antenna is based on a 

pentagonal slot. This slot is fed through a semi circular patch. 

The opening angle of the slot (α) is chosen so that the feed 

patch and the slot antenna match with each other across the 

UWB band. On the other hand, previous works shows that if 

the feed patch has similar shape to the slot antenna a good 

UWB operation can be achieved. The proposed base structure 

can cover UWB band. 
  By attaching an inverted U-shaped strip at the top of 

the slot a new resonant frequency band can be created without 

increasing the size of the initial antenna. As will be shown in 

the next section, by changing the total length of the U-shaped 

strip (Lt=L1+L2+L3) the extra resonant frequency can be 

easily tuned from 1.5 to 2.4 GHz. This resonance frequency 

happens when the total length of the strip is equal to λg/4 of 

the relevant added band frequency. Thus the total length can 

be approximately obtained from the following formula: 

 

 
In which εr, c, and f are dielectric constant, the velocity of 

light in free space, and the center frequency of the desired 

bands, respectively. To have a good impedance matching and 

a symmetrical radiation pattern with low cross polarization in 

this band the inverted U-shaped strip is chosen to be 

symmetric at both sides of the patch feed.  

This inverted U- shaped strip has 0.4mm width and 0.5mm 

distance from the edge of the slots. Other design parameters of 

the proposed antenna structure are as follow: L
S 
= 25 mm, W

S
 

= 11.5 mm, K
S
 = 13.3 mm, L

1
 = 12 mm, L

2
 = 10.5 mm, L

3
 = 

6.5 mm, L
P
 = 11 mm, W

P
 = 4 mm, R

P
 = 5.5 mm, L

G
 = 5 mm, 

W
F 
= 1.5 mm, L

F
 = 6 mm, and α = 9

o
.  

To better understand the antenna behavior, current 

distribution on the proposed antenna with Lt=29 mm is 

presented in Fig. 2. Fig 2(a), (b) and (c) shows the current 

distribution of the proposed antenna at the added band  (1.5  
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Fig. 3 The reflection coefficient of the proposed UWB slot antenna (a) the 

simulation of the antenna with and without the inverted U-shaped strip for 
various Lt (b) simulations and measurement of the antenna with inverted U-

shape strip with Lt=29 mm  

GHz) and two different frequencies within the UWB band (4.5 

GHz and 6.5 GHz) respectively. As it can be seen from Fig. 2 

(a) the current distribution is strong around the U-shaped strip 

which results in adding a new band at 1.5 GHz, while at the 

other frequencies (4.5 and 6.5 GHz) the added U-shaped strip 

is inactive and current is concentrated around the pentagonal 

slot of the antenna, thus, this strip does not change the 

operation of the UWB antenna significantly. By studying the 

surface current distribution on the antenna it is seen that the 

current is maximum at the top of the strip and is minimum at 

the other end, confirming the quarter-wavelength of the strip 

and formula (1).   
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Fig.4 Simulated radiation pattern of the proposed UWB printed slot antenna 

with strip at frequencies (a) 2.4 GHz, (b) 4.5 GHz, and (c) 6.5 GHz. Solid line 
represents H-plane, and dashed line represents E-plane. 

III. RESULTS 

The simulated and measured reflection coefficient of the 
proposed UWB printed slot antenna with and without the 
presence of U-shaped strip is shown in Fig. 3. As it can be 
seen from Fig. 3 (a) the antenna without the U-shaped strip 
shows a good UWB response from 3.1 to 10.6 GHz. By 

adding an inverted U-shaped strip, a tunable band can be 

created. It can be shown that by choosing the total length of 

the U-shaped strip (LT) to be 29mm, 24mm and 17.5mm, the 

antenna can resonant at 1.5 GHz for GPS, 1.8 GHz for GSM 

and 2.4 GHz for Bluetooth frequency bands. Over all of these 

bands the level of the reflection coefficient is well below -10 

dB which is satisfactory for the added band. 

The simulated E- and H-Plane radiation patterns of the 

proposed slot antenna at three pass band frequencies of 1.5, 

4.5, and 6.5 GHz are shown in Fig. 4. As it can be seen the 

antenna has a stable omnidirectional radiation pattern in the 

H-plane (y-z plane) while the antenna E-plane (x-z plane) 

radiation pattern is almost bidirectional. The measured 

antenna peak gain is shown in Fig. 5. Also the radiation 

efficiency of the antenna over various frequencies is shown in 

table 1. 
        
 

 
 

Fig.5 Measured peak gain of the proposed UWB printed slot antenna over 
various frequencies 

 

Table1. The radiation efficiency of the proposed antenna over various 
frequencies 

 
 

 

 

 

IV. CONCLUSIONS 

The design of a UWB slot antenna with extra tunable band has 

been presented in this paper. The UWB slot antenna has a 

pentagonal shape with compact structure. By attaching an 

inverted U-shaped strip at the upper part of the slot an extra 

band is created. By changing the length of this strip the 

resonant frequency of the slot is changed from 1.5 to 2.4 GHz 

with little effect on UWB performance of the antenna. The 

radiations patterns of the antenna are stable over the UWB 

band as well as over the extra added band and have 

omnidirectional pattern in the H-plane.  
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Frequencies 1.5 3 5 7 9 11 

radiation 

efficiency 
0.71 0.92 0.94 0.91 0.96 0.72 


