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A frequency reconfigurable E-shaped microstrip patch antenna with wideband 
characteristics is proposed. The antenna is capable of operating at four different frequency 
bands. The antenna structure consists of two E-shaped slots embedded on the patch and 
two RF PIN diodes are placed on the appropriate position. In this work, two different 
types of PIN diodes BAR6304 and MPP4203 PIN diodes are used for analysis. Ansoft 
HFSS software is used for simulation and simulated results are presented. 
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I. INTRODUCTION 

NOWADAYS, frequency reconfigurable antenna finds wide attention in wireless 
communication systems due to its extraordinary features. To achieve frequency 
reconfigurability, switches such as RF PIN diode, varactor diode and MEMS are 
commonly used.  In [1], a frequency reconfigurable patch antenna using switchable slots 
for circular polarization diversity with two PIN diodes which radiate either at right hand 
circular polarization or left hand polarization has been analyzed. Moreover this antenna 
resonates only at 4.64GHz. Further, a reconfigurable microstrip antenna which produces 
linear, right hand circulation polarization and left hand circular polarization using 
independently biased PIN diodes is presented [2]. Though it produces both linear and 
circular polarization, this antenna resonates only at 1.59GHz. Consequently, in [3] a 
frequency reconfigurable U slot microstrip patch antenna which resonates from 2.6 to 
3.35GHz using trimmer is discussed. Further, in [4], a polarization reconfigurable E 
shaped patch antenna which is capable of switching its polarization from right hand 
circular polarization to left hand circular polarization for wideband application is 
analyzed. It is known form [5], the radiation characteristics remain unchanged in 
frequency reconfigurable antenna though its operating frequency changes. In [6], a 
frequency reconfigurable microstrip patch switchable to slot antenna with five RF PIN 
diodes positioned in the slot to resonate at eight different frequencies is presented.  

Further in [7], a reconfigurable slot antenna for switchable multiband operation in a wide 
frequency range with five RF diode switches which radiate from 6-10.GHz is discussed. 
We designed [8], a double U-slot microstrip patch antenna for WiMAX application.  In 
[9], in order to increase the gain, we designed a double L-slot microstrip patch antenna 
array for both WiMAX and WLAN application. Further in [10], a frequency 
reconfigurable antenna with six MPP4203 RF PIN diode has been incorporated in the 
ground plane which radiate for eight different frequencies. Since six PIN diodes are used 
the antenna design becomes more complex. In [11], U shaped frequency reconfigurable 
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antennas with three PIN diodes are placed at different positions in the slot present 
between two patches of the antenna, which resonate at four different frequencies. In [12], 
a compact frequency reconfigurable circular patch antenna with an arc-shaped slot loaded 
in the ground layer was proposed for multiband wireless communication applications 
with five PIN diodes mounted on the arc-shaped slot. This antenna resonates for six 
different frequency bands. Consequently in [13], a wideband slot antenna for both 
frequency and pattern reconfigurable characteristics was designed. Two PIN diodes are 
located in the slots to achieve frequency reconfigurability and another two additional PIN 
diodes are inserted in the feed line to achieve the pattern reconfigurability. Though the 
antenna achieves frequency and pattern reconfigurability but the antenna radiates only for 
two frequency bands. Further in [14], simple and compact frequency reconfigurable 
antennas with six PIN diodes are designed. Six PIN diodes are positioned symmetrical at 
the non radiating edges to resonate from 2.35 to 3.43GHz.  Therefore, it is evident from 
the review of the literature instead of using multiple antennas for different application 
inside the wireless devices, a single antenna must cover all wireless system is needed. In 
this work, a new configuration of E-slot frequency reconfigurable antenna is designed. 
The antenna consists of two E shaped slots with two RF PIN diodes placed at appropriate 
position on the patch. The antenna is analyzed with BAR6304 and MPP4203 PIN diodes. 
The patch produces nearly omnidirectional radiation pattern for all switching conditions. 
The antenna is capable of resonate at four different frequency bands with two RF PIN 
diodes. The rest of the section is organized as follows. Reconfigurable antenna design is 
explained in Section II. Results and discussions are presented in Section III. Concluding 
remarks are given in Section IV. 

 

II.  ANTENNA DESIGN 

The configuration of proposed E-shaped slot frequency reconfigurable antenna with 
BAR6304 PIN diode is illustrated in Figure 1.  Figure 2 depicts the E-shaped slot 
frequency reconfigurable antenna with MPP4203 PIN diode. These two structures are 
fabricated on FR4 substrate with thickness of 1.5mm, relativity permittivity of 4.4 and loss 
tangent of 0.02. The length and width of E-shaped patch are 26mm and 12mm 
respectively. The length of feed line is 8mm and width of the feed is 6mm. The antenna is 
fed with the aid of a 50Ω microstrip feed line. In both the structure the switch SW1 is 
placed on the upper slot and the switch SW2 is placed on the lower slot of E arm. The 
proposed antenna performance has been analyzed using ANSOFT HFSS simulation 
software. Parametric optimization has been carried out. Two E-shaped slots embedded in 
the patch with two PIN diodes placed on the E-slot not only produce wide impedance but 
also achieve multiband operation. PIN diodes are used as switching elements.   
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Figure 1.  Geometry of E-slot frequency reconfigurable antenna with BAR6304 PIN diode 

The equivalent circuit for MPP4203 PIN diode in forward bias consists of series 
inductance L1 =0.45nH and series resistance of R1 =3.5Ω and the reverse bias equivalent 
circuit consists of shunt Capacitance C1 = 0.08pf and shunt resistance R2 = 3.5Ω with 
series inductance L1 = 0.45nH. The equivalent circuit for BAR6304 PIN diode consists of 
forward resistance R= 2.1 Ω and the reverse bias consists of a capacitance C= 0.17pf. For 
different switching condition, the effective length of the slot is changed and thus the 
antenna resonates at different frequencies. 

 
Figure 2.  Geometry of E-slot frequency reconfigurable antenna with MPP4203 PIN diode 

Table 1 gives the diode switching configuration of E-slot for BAR 6304 PIN diode. 
When the switches SW1 and SW2 are switched ON the antenna resonates at 2.8 to 6.8 
GHz. When both the switches SW1 and SW2 are switched OFF the antenna resonates at 
4.4 to 6. Table 2 list the diode switching configuration of E-slot reconfigurable antenna 
with MPP4203 PIN diode. When the switches SW1 and SW2 are switched ON the 
antenna resonates at 3 to 4.2 GHz. When both the switches SW1 and SW2 are switched 
OFF the antenna resonates at 3 to 4 GHz. When SW1 is in ON condition and SW2 is in 
OFF condition the antenna resonates at 2.8 to 4.2GHz. 
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Table-1  Diode switching configuration E-slot frequency reconfigurable antenna with 
BAR 6304 PIN diode 

 

Frequency SW1 SW2 Resonant 
Frequency(GHz) 

F1 ON OFF 2.4-6.8 
F2 OFF ON 4-4.6 
F3 ON ON 2.8-6.8 
F4 OFF OFF 4.4-6.6 

 

Table-2  Diode switching configuration E-slot frequency reconfigurable antenna with 
MPP4203 PIN diode 

 

Frequency SW1 SW2 
Resonant 

Frequency(GHz) 
F1 ON OFF 3-4.2 
F2 OFF ON 2.9-4.2 
F3 OFF OFF 3-4 
F4 ON OFF 2.8-4.2 

III.   SIMULATION RESULTS 

In this section, optimized simulated results of return loss and radiation pattern of E-slot 
frequency reconfigurable microstrip patch antenna with BAR6304 and MPP4203 PIN 
diodes are presented. 

2.1 BAR6304 PIN DIODE 

Parametric optimization has been carried out in E-slot reconfigurable microstrip patch 
antenna with BAR6304 PIN diode. Parametric optimization has been performed by 
varying the position of two switches. The position of two switches SW1 and SW2 are 
varied at A=22mm B=11.5mm, A=24mm B=13.5mm, A=24mm B=13.5mm, A=26mm 
B=13.5mm, A=22mm B=15.5mm, A=24mm B=15.5mm and A=24mm B=15.5mm. At 
A=22mm and B=15.5mm better impedance and multiband operation is achieved. Figure 3, 
4, 5, 6 shows the optimized simulated return loss of E-slot reconfigurable antenna for 
various switching condition at F1, F2, F3, F4 respectively.  The simulated return loss for 
all the frequency bands is less than -10dB. 

 

Figure 3.  Optimized simulated return loss of E-slot frequency reconfigurable antenna 
with BAR6304 PIN diode at F1 
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In Figure 3, at F1 the E-slot frequency reconfigurable antenna resonates from 3 to 4GHz 
with return loss value of     -37dB. From Figure 4, it is seen that at F2 switching condition 
the E-slot frequency reconfigurable antenna supports frequency bands from 4.4 to 
6.6GHz with return loss value of -44dB. In Figure 5, at F3 the E-slot frequency 
reconfigurable antenna resonates at dual band frequencies from 2.2 to 2.8GHz with return 
loss value of -37dB and from 3.2 to 4GHz with return loss value of -13dB.From Figure 6, 
at F4 switching condition the E-slot frequency reconfigurable antenna supports frequency 
bands from 3.6 to 6GHz with return loss value of -30dB. 

 

Figure  4.  Optimized simulated return loss of E-slot frequency reconfigurable antenna 
with BAR6304 PIN diode at F2 

 

Figure 5.  Optimized simulated return loss of E-slot frequency reconfigurable antenna 
with BAR6304 PIN diode at F3 

 

Figure  6.  Optimized simulated return loss of E-slot frequency reconfigurable antenna 
with BAR6304 PIN diode at F4 

 
Figure 7 shows the optimized simulated radiation pattern of E- slot frequency 
reconfigurable microstrip patch antenna. From the figure it is observed that radiation 
pattern is nearly omnidirectional and stable for the considered design antenna. Since only 
two switches are used in E-slot reconfigurable antenna, radiation loss is also reduced. 
Table 3 depicts the return loss value of E-slot frequency reconfigurable antenna with 
BAR6304 PIN diode. From the table it is inferred that at F3 switching condition the 
antenna radiates at dual band frequencies.  
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Figure 7.  Optimized simulated radiation pattern of E-slot frequency reconfigurable 
antenna with BAR6304 PIN diode at F2 

 

Table-3  Return loss value of  E-slot frequency reconfigurable antenna with BAR6304 
PIN diode 

 

Frequency Frequency 
range(GHz) 

Return 
loss(dB) 

F1 3-4 -37 
F2 4.4-6.6 -44 
F3 2.2-2.8 & 

3.2-4 -37 & -13 

F4 3.6-6 -30 
 

2.2 MPP4203 PIN DIODE 

The BAR6304 PIN diode in E-slot reconfigurable antenna is replaced by MPP4203 PIN 
diode and parametric optimization has been carried out by changing the position of the 
two diodes. The optimized simulated return loss of E-slot frequency reconfigurable 
antenna with MPP4203 PIN diode with different switching condition at F1, F2, F3, F4 are 
shown in Figure 8, 9, 10, 11 respectively. In Figure 8, at F1 the E-slot frequency 
reconfigurable antenna with MPP4203 PIN diode resonates from 3 to 4.2GHz with return 
loss value of -44dB. From Figure 9, at F2 switching condition the E-slot frequency 
reconfigurable antenna supports frequency bands from 2.9 to 4.2GHz with return loss 
value of -44dB. 

 

 
 

Figure 8.  Optimized simulated return loss of E-slot frequency reconfigurable antenna 
with MPP4203 PIN diode at F1 
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Figure 9.  Optimized simulated return loss of E-slot frequency reconfigurable antenna 
with MPP4203 PIN diode at F2 

 
 

 
 

Figure 10.  Optimized simulated return loss of E-slot frequency reconfigurable antenna 
with MPP4203 PIN diode at F3 

 

 
 

Figure 11.  Optimized simulated return loss of E-slot frequency reconfigurable antenna 
with MPP4203 PIN diode at F4 

 
In Figure 10, at F3 the E-slot frequency reconfigurable antenna resonates from 3 to 4GHz 
with return loss value of -38dB. From Figure 11, at F4 switching condition the E-slot 
frequency reconfigurable antenna supports frequency bands from 2.8 to 4.2GHz with 
return loss value of -37dB. Table 4 depicts the return loss value of E-slot frequency 
reconfigurable antenna with MPP4203 PIN diode.  Figure 12 shows the optimized 
simulated radiation pattern of E-slot frequency reconfigurable antenna with MPP4203 PIN 
diode with different switching condition at F1, F2, F3, F4. From the figure it is observed 
that for all the switch condition the radiation pattern is omnidirectional. 
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(a) 
 

(b) 

 

 

(c) 
 

(d) 

 
 

Figure 12.  Optimized simulated radiation pattern of E-slot frequency reconfigurable 
antenna with MPP4203 PIN diode at 

 (a)F1(b) F2 (c) F3 (d) F4 
 

Table-4  Return loss value of  E-slot frequency reconfigurable antenna with MPP4203 
PIN diode 

 

Frequency Frequency 
range(GHz) 

Return 
loss(dB) 

F1 3-4.2 -44 
F2 2.9-4.2 -44 
F3 3-4 -38 
F4 2.8-4.2 -37 

 

IV.CONCLUSION 

In this work, an E-slot reconfigurable antenna with BAR6304 and MPP4203 PIN diodes 
for multiband application are presented. The designed E-slot reconfigurable antenna with 
BAR6304 and MPP4203 PIN diodes resonates at four different frequencies for different 
switching condition. The radiation efficiency of the antenna ranges from 53% to 59%. The 
antenna meets the optimum value of VSWR and return loss. The antenna is compact and it 
also enhances the bandwidth. Also it achieves Multiband operation. The frequency 
reconfigurable antenna is well suited for cognitive radio systems.  
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