
A Small Frequency Reconfigurable Printed Slot 

Antenna for WLAN/WIMAX Application 
 
 

M.J. Tavakoli, H. R. Hassani and M. H. Amini, 
Department of Electrical and Electronic Eng., Shahed University 

Persian Gulf Highway, Tehran, Iran 

mj.tavakoli@shahed.ac.ir, hassani@shahed.ac.ir, mh.amini@shahed.ac.ir 

 

 
Abstract— A frequency reconfigurable printed slot antenna is 

designed and tested. The antenna consists of three slots fed 

through a microstrip transmission line. PIN diodes are 

appropriately positioned along their feeding points and by 

switching them to “OFF” or “ON” state, three frequency bands 

can be achieved. The left and middle slots cover 3.6-3.75 GHz  

and 3.3- 3.4 GHz respectively, two bands typically used for 

WiMAX applications, while the right slot operates over 5.1-5.8 

GHz  that is suitable for wireless local area networks (WLANs). 

In order to match the input impedance of the antenna, a stub also 

is placed across the left slot and is active when its own diodes go 

to “ON” state. The overall size of this design is 25×25 mm2 that is 

smaller than the earlier works. The advantage is achieved by 

interconnecting two right slots. 

Index Terms—reconfigurable; slot antenna; PIN diodes 

 

I.  INTRODUCTION 

Due to the rapid development of wireless communications, the 

demand for mobile devices that can operate in different bands 
is increased. However, multi frequency antennas have the 
advantage of serving multiple frequencies with one antenna, 
but the crosstalk from the neighbor bands makes them a weak 
choice in comparison to reconfigurable antennas [1]. 
Moreover, slot antennas are another good choice because of 
the ability of serving various frequencies, ease of fabrication, 
and compatibility with monolithic microwave integrated 
circuits (MMICs). 
   While it is true that a variety of reconfigurable antennas  
have been successfully developed, their use has no 
acceptability always by the need for a large number of 
switches, complicated dc wiring, and their limited capability 
of serving only one frequency band at a time. In order to have 
reconfigurable antennas, electromechanical or electrical 
switches such as RF-MEMS, PIN diodes, and varactors have 
been used. Although RF-MEMS have benefits of low loss and 
high Q, they require expensive equipment and increased 
fabrication time and cost. In contrast, antennas that use the 
other choices are simpler to fabricate. The use of these types 
of switches in reconfigurable antennas has been disclosed 
recently in [2]---[4], where the switch is used to manipulate the 
surface current distribution so as to change the resonant 
frequency of the antenna. 
    

 
 
Fig.1. Geometry of the proposed reconfigurable triple-slot antenna with 
dimensions of  a  = 25 mm,  b  = 25 mm. 

 
In this paper, a reconfigurable slot antenna with three 
switchable frequency bands is proposed. The slots are used to 
have three different well-known resonance frequencies at 3.3 
GHz WiMAX, 3.7 GHz WiMAX, and 5.5 GHz WLAN. Using 
the metal strips and PIN diodes similar to [4], the slots can be 
shortened, and so the related resonance is eliminated without 
even a change in the other two resonances. Simulated results 
of the antenna are presented. 
 
 

II.  ANTENNA GEOMETRY 

 

   As illustrated in Fig. 1, the reconfigurable slot antenna is 
designed on FR4 substrate (εr = 4.4, tanδ =0.02) with thickness 

of 1mm. The width of the 50-Ω microstrip feed line with 

length of 23 mm is fixed at 2 mm. At first, in order to have 
three different resonance frequencies without considering the 
switches in the design, three λ

g
/2 slots have been inserted in 

the suitable position on the antenna ground plane with 
dimensions of 25 × 25 mm

2
. The reason for using the 

interconnected slots is described later in this section.  
 
 



TABLE I.   PARAMETERS OF THE RECONFIGURABLE ANTENNA 

Parameters d1 d2 d3 d4 d5 d6 

Value(mm) 2.5 6.75 8 4.25 1 0.8 

Parameters d7 d8 d9 t1 t2 t3 

Value(mm) 1.45 1 3 1 1 1.5 

Parameters t4 t5 t6 t7 t8  

Value(mm) 2 1.5 1.5 4 2  

 
 
TABLE II.   DIFFERENT STATES OF THE PROPOSED ANTENNA AND 

SIMULATED RESONANCE FREQUENCIES IN EACH STATE 

Switch: 
Diode: 

     I             II            III 
D3&D4  D1&D2  D5&D6 

Resonance 
frequencies GHz 

State1 off       on         on       3.7 

State2 on       off         on 3.3 

State3 on        on        off 5.5 

 
Exact position for the slots is achieved using a trial-and-error 
procedure. 

   Matching for each of the resonance frequencies is achieved 

by the theory of off-centered microstrip-fed slot antennas 

described in [5] and [6]. By interconnecting the middle and 

right slots, required length for resonance frequency of the 

middle slot, that is 3.3 GHz is provided. Because of this idea, 

the length of the antenna is optimum and demand of three 

single slots is eliminated. Therefore an L-shaped or U-shaped 

slot is created and caused size reduction of antenna. 

   The width of all the slots is set approximately to 1mm (it 

changes in three slots). The values of different parts of the 

slots are first set as aforementioned and finally found during 

the design procedure in order to have good matching for all of 

the three resonances. Optimized values for parameters of three 

slots are summarized in Table I. 

   To implement the switches, a narrow metal strip is used 

inside of each slot. The metal strips are placed nearly 0.2 mm 

from the edge of each slot, and PIN diodes are soldered 

between the metal strips and the ground plane [6]. In this 

method, no bias line or choke capacitance is needed to switch 

between the bands. By turning diodes on, the metal strips are 

connected to the ground plane and become a part of it. 

Therefore, the slot is shortened, and the related resonance is 

eliminated without any effects on the other resonances. The 

antenna can have any combination of the mentioned three 

resonance frequencies, and this is another capability of this 

work. 

   Fig. 2 shows the simulated surface current of the proposed 

antenna at frequencies of 3.3, 3.7 and 5.5 GHz. As shown in 

this figure the current has high amplitude at near the feed 

point. As shown in this figure, the middle and right slots 

resonate at 3.3 GHz, as shown in Fig. 2a. Also left slot 

resonate at frequency of 3.7 GHz that was shown in Fig. 2b 

while the right slot, only resonate once at frequency of 5.2 

GHz that shown in Fig. 2c. 

 

       
(a)     (b) 

 
                                    (c) 
 
Fig.2. The current distribution of the proposed antenna at (a) 3.3, (b) 3.7 and 

(c) 5.2 GHz. 

 
 

III. RESULTS 

 

   The proposed reconfigurable antenna has been simulated by 

High-Frequency Structure Simulator software [7]. There are 

two ways to simulate PIN diodes. The first way is to assume 

the PIN diode as a metal tape in the ON state and to eliminate 

the tape from the model in the OFF state, which is clearly easy 

to apply. The second way is to assume the PIN diode as a 

resistance in the ON state and as a capacitance in the OFF 

state. Here, the first method is used. 

   Figure 3 indicates the electric field distribution of right slot 

over bottom surface of FR4 substrate. It can be seen from this 

figure that the electric fields have oriented in the y direction 

which indicates that horizontal polarization is excited. 

   The packaging parasitic effects of diodes are not important 

in this design since the antenna resonances do not depend on 

the OFF- state of diodes, but in the ON- state the parasitic 

effect is minimized because of the short-circuited-like 

connection in the diode. The antenna shown in Fig. 1 is then 

implemented and simulations are done. The input reflection 

coefficient is studied, and simulation results are shown in Fig. 

4 for three states of the diodes as given in Table II. the states 

shown in this table refer to the two PIN diodes states such that 

the state of Switch I is the state for two PIN diodes of middle 

slot, the state of Switch II is the state for two PIN diodes of 

left slot, and the state for Switch III refers to the states for PIN 

diodes of right slot. With the method used in  



 

 
 

Fig. 3. Electric field vector when the right slot is excited. 
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Fig.4. Simulated reflection coefficient of the antenna for three states. (a)  

excitation of middle slot at 3.3 GHz, (b) excitation of left slot at 3.7 GHz and 

(c) excitation of right slot at 5.2 GHz. 
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Fig. 5. Simulated radiation patterns of  the antenna at 3.3, 3.7  

and 5.5 GHz. 
 
this work to eliminate the resonance frequencies, the antenna 

can have three states of reflection coefficients and three 

controllable resonance frequencies. 
Patterns in the E-plane and H-plane are shown in Fig. 5. The 

similarity between the radiation patterns in the three 

resonances is comparable in both E-plane and H-plane. 

   The radiation patterns of the antenna in the three states are 

also studied. As aforementioned, the radiation pattern in all of 

the three resonances is to be the same due to the L-shaped slot 

design. In addition, it is clear in Fig. 5 that by using sickle-

shaped slot has the shape of the E-plane patterns not changed 

from dipole shape. 

 



 
IV. CONCLUSION 

 

   The design of a reconfigurable slot antenna with completely 

switchable frequency bands is introduced. The concept of 

controlling all the three frequencies is presented. PIN diodes 

are used to change the status of a slot achieving 

reconfigurability. The antenna design uses a method of 

employing PIN diodes that do not need any dc bias line, and 

so the dc effects are eliminated. The antenna uses a new type 

of L-shaped slots to reduce the co- to cross-polarized ratio of 

radiation pattern besides reducing the size of the antenna. As a 

result, the proposed antenna is attractive and can be practical 

for various multi frequency systems. 
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