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ABSTRACT 

In this paper, a number of reconfigurable antennas are designed to support multiband and wideband wireless applica-
tions in different frequency bands in the range between 1 GHz and 6 GHz. The proposed designs consist of micro-
strip-fed two dipoles through simplified balun. By controlling the lengths of the dipoles by connecting or disconnecting 
slots, we are able to change the antenna operating frequency as well as the operation mode. Two modes are supported 
by all of the proposed antennas: Multiband and Broadband modes. 
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1. Introduction 

As communication devices become smaller due to great-
er integration of electronics, the antenna becomes a sig-
nificantly larger part of the overall package volume. This 
results in a demand for similar reductions in antenna size. 
However, reducing antenna size without significantly 
impacting gain and efficiency is a challenging task. As 
integration increases, a single antenna is often required to 
support two or more of the many wireless services across 
a broad frequency range. Multiband, wideband and re-
configurable antennas are being developed to meet this 
need [1]. Multi-band and wideband antennas require 
complicated filters with stringent requirements to im-
prove their out-of-band noise-rejection performance. 
These filters, moreover, are generally bulky and expen-
sive. In contrast, frequency-reconfigurable antennas have 
great potential for reducing production cost and offer 
better out-of-band noise rejection [2]. In addition, com-
pared to multiband and broadband antennas, reconfigur-
able antennas offer the advantages of compact size, sim-
ilar radiation pattern for all designed frequency bands, 
efficient use of electromagnetic spectrum and frequency 
selectivity useful for reducing the adverse effects of 
co-site interference and jamming [3]. Dual frequency 
reconfigurable microstrip antennas can offer additional 
advantages of frequency reuse for doubling the system 
capability and polarization diversity for good perform-
ance of reception and transmission or to integrate the 
receiving and transmitting functions into one antenna for 

reducing the antenna size [4,5]. 
Microstrip antennas are attractive candidates for re-

configurable antenna technology because of their inher-
ent low profile, light weight, low cost, and ease of fabri-
cation and installation [2,6-13]. Number of attractive 
reconfigurable antenna designs were presented in [2] 
with the objective of reduction of the number of MEMs 
utilizing antenna symmetry to decrease the cost. The 
concept of a frequency-reconfigurable rectangular ring 
slot antennas fed by slotlines or CPW is presented in [7]. 
A reconfigurable patch antenna is obtained in [8] by in-
serting slits at the non-radiating edges of the patch. A 
reconfigurable Yagi antenna is presented in [9] to operate 
at 2.4 and 5.78 GHz for wireless communications. A 
reconfigurable slot dipole antenna was presented in [10] 
in the X-band. Patch antenna with polarization diversity 
using switchable L-shaped slots is presented in [11]. A 
reconfigurable dipole antenna with harmonic trap was 
presented in [12] where the operating frequency is con-
trolled by a reconfigurable dipole length, while the high-
er-order modes are eliminated using a reconfigurable /4 
open circuit stub. A compact multiband antenna has been 
redesigned to be reconfigurable with embedded switches 
to allow selective addressing of these bands [13]. 

In this paper, three microstrip-fed double-dipole an-
tenna designs [14-16] to support multi-band, wideband, 
and single-band operation modes are presented for per-
sonal wireless communications. The reconfiguration for 
the microstrip antennas is carried out by connecting or 
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disconnecting (switching on or off) appropriate rectan-
gular strips to model the MEM switches. The shape and 
number of these strips along with the switching state and 
position is used to control the operating frequency of the 
antenna without changing the feeding mechanism. The 
antennas’ geometries and their results will be explained 
in the next two sections. The full-wave electromagnetic 
simulations and analysis for the presented antenna are 
performed using the commercial computer software 
package Ansoft High Frequency Structure Simulator 
(HFSS) [17], which is based on the finite element me-
thod. Measurements of the return loss and radiation pat-
terns are also conducted to verify the simulation results 
and demonstrate the feasibility of the proposed configu-
rations. 

2. Antennas’ Geometries and Parametric 
Study 

Three double-dipole antennas were designed for different 
frequency bands and depicted in Figure 1. The dou-
ble-dipole antenna consists of two dipoles with similar or 
different lengths depending on the required operating 
frequencies. A simplified balun is used to feed the di-
poles. In each dipole, the left half is printed on the top 
substrate layer and fed by a microstrip line, while the 
right half is printed on the bottom layer and connected to 
the truncated ground plane. 

The length of the dipole is approximately half the wa-
velength at the operating frequency, while its distance 

from the truncated ground plane is quarter wavelength 
for the best performance. Thus, if the antenna is required 
to operate at a lower frequency (fL) and a higher fre-
quency (fH), then the shorter dipole will be closer to the 
ground plane. In this case, the antenna will operate at 
multiple bands. A broadband design can be achieved by 
making the longer and the shorter dipoles to resonate at 
closer frequencies. This can be achieved by reversing the 
positions of the two dipoles. With the contribution of the 
coplanar strip (CPS) line length to the antenna length, the 
difference between their lengths become small, and the 
two operating bands will be close and can merge in one 
relatively wide frequency band. 

The next step is to merge these two modes in one so 
that the length of the closer dipole is controlled by the 
lower operating frequency in the wideband mode, and the 
length of the second dipole is controlled by the higher 
operating frequency in the multiband mode. Next, a 
proper matching circuit between the two dipoles is de-
signed to eliminate the mutual effect between the two 
modes. Therefore, the shape of the CPS connecting the 
two dipoles is modified as needed by the design to obtain 
the required modes. Finally, when adding the ground 
plane, it will have an effect on the performance; therefore, 
the last step is to shape the ground plane to reduce this 
effect as shown in Figure 1. A smooth transition from 
the microstrip line mode to the two CPS line mode is 
used for this purpose. 
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Design 1                                                      3D View 

                  
Design 2                                                       Design 3 

Figure 1. Antennas’ geometries and paramters. 
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Parametric study is performed on each antenna and 

depicted in Figures 2 to 11 for Design 1. This study is 
done in the multiband mode to know the effect of each 
parameter, and select the best dimensions, and tune the 
antenna to obtain the best bandwidth in the broadband 
mode without affecting the multiband mode. The dimen-
sions of the three designs resulted from the parametric 
study are shown in Table 1. 

 

 

Figure 2. Effect of L1. 
 

 

Figure 3. Effect of L2. 
 

 

Figure 4. Effect of L3. 

 

Figure 5. Effect of L4. 

 

 

Figure 6. Effect of L5. 

 

 

Figure 7. Effect of w1. 

3. Results 

The return loss and radiation patterns are computed using 
Ansoft HFSS for Designs 1, 2 and 3. The reconfiguration 
is carried out by connecting or disconnecting appropriate 
rectangular strips to model the MEM switches. The rec-
tangle width is “S” and its height is the same like the 
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Figure 8. Effect of w2. 
 

 

Figure 9. Effect of w3. 
 

 

Figure 10. Effect of w4. 
 
strip on which Pin diode or MEMs can be installed. Since 
we have four switches, we can create 16 cases starting 
from Case 0000 when all switches are open, to Case 
1111 when all switches are closed. However, only 10 
different combinations are considered after excluding the 
similar cases such as 0010 and 0001. 

 

Figure 11. Effect of w5. 
 

Table 1. Dimensions (mm) of the proposed designs. 

 Design 1 Design 2 Design 3 

w 46.2 93.5 144.5 

L 18.9 46.3 89 

w1 0.6 1.3 3.5 

w2 7 9 22 

w3 1 16.8 31 

w4 9.8 19.8 32 

w5 1.2 12.8 30 

L1 5 12 42 

L2 1.3 4.3 3 

L3 3.1 13 36 

L4 2.9 5 3 

L5 1.6 N/A N/A 

S N/A 1 1 

 
Figure 12 shows the multiband (0011) and broadband 

(1100) cases in addition to the cases when all switches 
are ON/OFF (0000 and 1111). These cases are the sym-
metrical cases where S1 and S3 are the same as S2 and 
S4, respectively. The operating bands of the three de-
signs in this figure are summarized in Tables 2, 3, and 4 
for Designs 1, 2, and 3, respectively. With only four cas-
es out of ten, Design 1 covers 90% of the band between 
2.22 and 6.28 (95% bandwidth), Design 2 can operate in 
90% of the band between 1.64 and 3.2 (64% bandwidth), 
and Design 3 also covers almost all the band between 
0.83 and 2.34 (95% bandwidth). In the broadband Case, 
the three Designs provide from 22% to 56% bandwidth. 
Figure 13 shows some unsymmetrical cases which show 
that we still can make these antennas operate at other 
frequencies. 

These results show many advantages for these designs. 
First, we can switch between different frequency bands 
without changing the antenna. Second, we can also 
change between multi-band and broadband modes. In 
addition, the overall antenna operating bandwidth is at 
least 1.7 times the maximum bandwidth of all cases. 
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Switch Names                                                Design 1 

             
Design 2                                                Design 3 

Figure 12. Return Loss (dB) for the symitrical cases. 
 

Table 2. Operating frequency bands and bandwidth for Design 1 in the symitrical cases. 

Case Band 1 Band 2 Band 3 

0000 4.02 - 4.15 (3%) 5.77 - 6.28 (8.5%) N/A 

0011 2.22 - 2.55 (14%) 3.82 - 4.05 (6%) 4.75 - 6.10 (25%) 

1100 2.96 - 3.25 (9%) 3.65 - 4.55 (22%) N/A 

Design No. 1 

1111 2.95 - 3.10 (5%) N/A N/A 

 
Table 3. Operating frequency bands and bandwidth for Design 2 in the symitrical cases. 

Case Band 1 Band 2 

0000 2.95 - 3.20 (8%) N/A 

0011 1.73 - 2.05 (17%) 2.36 - 2.53 (7%) 

1100 1.85 - 1.86 (0.5%) 2.13 - 2.73 (24%) 

Design No.2 

1111 1.64 - 1.68 (2.4%) 1.73 - 1.80 (4%) 

 
Table 4. Operating frequency bands and bandwidth for Design 3 in the symitrical cases. 

Case Band 1 Band 2 

0000 2.1 - 2.34 (11%) N/A 

0011 0.83 - 0.98 (17%) 1.52 - 2.25 (39%) 

1100 1.05 - 1.86 (56%) N/A 

Design No.3 

1111 0.83 - 0.84 (1%) N/A 



Reconfigurable Microstrip Double-Dipole Antennas for Personal Wireless Communications 65 
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Design 2                                             Design 3 

Figure 13. Return Loss (dB) for the unsymitrical cases. 
 

 

Figure 14. Measured and computed return loss and antenna prototypes. 

 
Prototypes from the three designs are fabricated using 

LPKF milling machine. The return loss is measured us-
ing vector network analyzer for the different reconfigur-
able cases. Figure 14 shows a good agreement between 
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the measured and computed results in the multi-band 
(MB) and broadband (BB) modes. Finally, the radiation 
patterns are computed and measured using anechoic 
chamber. Figures 15 to 17 show the co-polarized fields 
at selected resonance frequencies for Designs 1, 2 and 3, 
respectively, for the MB and BB cases. The lower half is 
cropped because of the symmetry. An acceptable match 
is obtained between the measured and computed results. 
Currently, we are in the process of sending antenna pro-

totypes to specialized for integrating reconfigurable ena-
bling technology such as MEMs in these designs. 

4. Conclusions 

Three novel reconfigurable microstrip antenna designs 
are presented for wireless communications applications. 
The proposed antennas are combination of two dipole 
antennas of similar and different lengths. By changing 
the dipoles’ lengths, we were able to change the antenna  

 

 

Figure 15. Radiation Patterns for Design 1 in multiband and broadband modes. 
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Figure 16. Radiation Patterns for Design 2 in multiband and broadband modes. 
 
operating frequency as well as the operation mode. The 
antenna is merging two operating modes: Multi-band and 
Broadband in a single design. The presented designs 

cover different frequency bands: 0.83 - 2.34 GHz, 1.64 - 
3.2 GHz, and 2.22 - 6.28 GHz. A wide overall bandwidth 
of 95% was obtained and a wide single case operating 
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Figure 17. Radiation Patterns for Design 3 in multiband and broadband modes. 

 
bandwidth of 56% was also provided. 
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