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Abstract—A compact multiband frequency reconfigurable 

meander antenna proposed for wireless communication systems 

is designed and described in this paper. A folded structure has 

been chosen due its good tradeoff between size, bandwidth and 

efficiency. The reference antenna is based on a meander patch 

structure radiating at F1=1, F2=1.94, F3=2.6GHz and optimized 

to be integrated in the Printed Circuit Board (PCB). In order to 

sweep the resonance frequencies, a chip capacitor was inserted 

between the meander patch printed on the top layer and a 

floating ground plane on the back one, in first case. Than in 

second case, by inserting a varactor diode to tuning electronically 

the resonance frequencies over wide bands. The measured results 

agree with simulations and good radiation properties were 

obtained. Realized prototype and related results are indeed 

presented and discussed. 
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I. INTRODUCTION 

Wireless communication have been grown strongly and 
developed significantly in recent years. These new 
communication systems use multiple standards, e.g.  (Radio, 
TNT, GSM850, GSM1800, GSM1900, WiFi, WLAN, 
LTE,…), operating on many frequency band for various 
applications. This evolution opens the field to the development 
of frequencies reconfigurable antenna. This type of antenna 
presents a promising alternative to multiband and ultra large 
band (ULB) because of its ability to adjust its operating 
frequency band with sometimes-dynamic agility. 

Frequency agility can be achieved using several techniques 
such as PIN diode, varactor diode, MEMS, liquid cristal… 
Several prototypes have been studied to define frequency 
reconfigurability. For example, a frequency reconfigurable 
multiple-input-multiple-output (MIMO) monopole antenna was 
designed in [1], using a pin diode and a wide frequency tuning 
ranging from 1.88 to 2.64GHz was achieved. In [2], a compact 
folded monopole with a transparent dielectric loading was 
presented. Also, a tuning range from 419 to 883MHz was 
achieved, by controlling the voltage of varactor diode. A 
reconfigurable microstrip rectangular loop antenna is discussed 
in [3]. The physical perimeter of the loop antennas is 
electronically modified by controlling the states of the MEMS 

switches. The resonance frequency shifts from 1.16 to 
2.08GHz. Reference [4], demonstrated a monopole antenna 
achieving a frequency tenability from 1.7 to 3.5GHz, by using 
a movable metallized plate inside a microfluidic channel. 

However, many engineers are interested in the electronic 
components for easy integration, high reliability and small size. 
The MEMS present some inconvenient including high 
activation voltage, higher cost and lower reliability. Compared 
with an MEMS switch, the varactor diode has better reliability, 
faster switching speed and lower applied voltage. This is the 
main reason why many researchers and industrial are interested 
in the varactor diode instead of MEMS switches for frequency 
tuning. 

Compact communication systems working in these 
standards required a compact size [5], low cost and multiband 
antenna [6-8]. Meander technologies are the most investigated 
for the design of reconfigurable structures [9], which allows 
small size designs, by increasing the electric length of the 
patch, and wide band operations [10]. Several meander 
reconfigurable antenna designs were reported in the literature 
for wireless applications. 

A microstrip monopole reconfigurable antenna is presented 
in [11]. The antenna size of 25×12mm

2
, operates at two bands 

(2.3- 2.4GHz) and (5.15- 5.35GHz). The frequency tuning was 
produced by inserting a PIN diode and a varactor diode into a 
meander. The PIN diode is used for switching wireless services 
and the varactor diode is used for tuning agility. In [12], an 
electrically small antenna (ESA) based on the meander antenna 
structure is proposed. This antenna with size of 23.5×43mm² 
operates in the 800MHz band of LTE. The antenna is of higher 
size with respect to the other structure. 

In [13], a frequency reconfigurable planar monopole 
antenna for cognitive radio has been designed for wide tuning 
range. The radiator antenna composed of meandering element 
and a U-shape was connected together using a PIN diode. 
Depending on the state of the PIN diode ON or OFF, the 
antenna resonates eithers at 2.39 and 2.96GHz. More agility 
from 2.69 to 3GHz was achieved by placing a varactor diode 
on the radiator antenna. The designs proposed in [11-13] were 
meander structure, covering high frequency band above 2GHz 
and, hence are not suitable candidates for low-frequency 
mobile standards and wireless handheld devices. 
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In this paper, a frequency reconfigurable meander antenna 
is presented for wireless communications systems. The 
structure is based on a meandering line. The frequency agility 
was achieved by embedding firstly, a chip capacitor then a 
varactor diode. The advantage given in this structure resides in 
its small size 12×15mm² with multiband behavior (4 bands). 
Compared to the existing designs, large tuning range is 
obtained from 0.7 to 2.87GHz when inserting a single varactor 
diode. The planar structure and its operation at low-frequency 
band below 1GHz are the key features of the proposed design. 
The distinguishing feature of the proposed antenna is that can 
be easily integrated into a Printed Circuit Board PCB useful for 
mobile phone. 

II. ANTENNA GEOMETRY 

The geometry of the proposed reconfigurable antenna is 
displayed in Fig.1. It is printed on 150×70mm² commercially 
available FR4 dielectric substrate with a permittivity of 4.4 and 
a thickness of 1.6mm.  The meander patch was printed on the 
top layer coupled with a floating ground plane placed on the 
back layer. 

 

 
Fig. 1. The meander antenna 

Adding a floating ground plane under the meander patch 
allows changing the effective permittivity of the antenna. Thus, 
an increase of the electrical length of the meandered line 
antenna structure and hence results in reducing the overall size 
of the antenna. In fact, the meander behaves as an inductive 
structure. The variation in the spacing between the meander 
lines varies the coupling between them, and therefore the 
generation of the resonance frequencies. Hence, the multiband 
behavior. 

  
Fig. 2. Simulated and measured return loss S11 of the meander antenna 

The simulated and measured return loss of the optimized 
antenna are shown in Fig.2. The planar compact antenna 
operates in simulation at F1=1GHz, F2=1.94GHz, F3=2.6GHz 
and in measured results F1=1.04GHz, F2=2.01GHz, 
F3=2.71GHz. It is noted that good agreement between 
simulated and measured results are obtained. 

3D pattern of the antenna was displayed for the operating 
frequencies in the 1.04, 2.01 and 2.71GHz, presented in Fig.3. 

 

Fig. 3. Measured 3D radiation pattern at: (a) F1=1.04, (b) F2=2.01 and (c) 
F3=2.71GHz 
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As shown, this pattern is almost circularly symmetric 
around x-axis and has a null value for φ=0° at all the resonant 
frequencies. It can be seen in F1=1.04GHz that the proposed 
structure presents omnidirectional radiation pattern in the yz-
plane with a peak gain of -1.32dB, confirming the appearance 
monopoly antenna. In the 2.01GHz and in the xz-plane, the 
antenna has a peak gain of 0.36dB. The pattern in φ=0° and 
90° has a null value. In 2.71GHz, the proposed antenna 
presents quasi-omnidirectional radiation pattern in the yz-plane 
with a maximum gain of 2.18GHz. 

III. FREQUECNY AGILITY ANTENNA 

We are interested in this part, to investigate the frequency 
agility of the proposed meander antenna. First, the study was 
done using a single lumped capacitor to identify the suitable 
position to tune the resonance frequency. Then by embedding a 
varactor diode to achieve a large tuning frequency range. 

A. Lumed capacitor 

 
Fig. 4. The meander antenna loaded with a chip capacitor 

In order to have a frequency agility property, a chip 
capacitor was loaded between the meander patch on the top 
side and the floating ground plane on the backside. The 
proposed structure was depicted in Fig.4. When the 
capacitance values varied from 1.3 to 5.2pF, we obtained a 
tuning range of 100MHz[0.94GHZ-0.84GHz]for the first 
frequency F1, 40MHz [1.9GHz-1.86GHz] for F2, 260MHz 
[2.46GHz-2.2GHz] for F3 and 200MHz [2.98GHz-2.78GHz] 
for F4. Simulated return loss is presented in Fig.5. Detailed 
results are summarized in Table I. 

 
Fig. 5. The meander antenna loaded with a chip capacitor 

TABLE. I. SIMULATED RESONANCE FREQUENCY 

Capacitor C F1(GHz) F2(GHz) F3(GHz) F4(GHz) 

Without 
capacitor 

1 1.94 2.6 - 

1.3 0.94 1.9 2.46 2.98 

5.2 0.84 1.86 2.2 2.78 

The current density of the unloaded meander antenna at all 
the three frequencies concentrated along the feed line and the 
first meandered line. The strong current density couples the 
high current on the floating ground plane. The capacitor was 
inserted at the end meander line where there is a low current 
density, caused the ability to draw the current,  both generated 
frequencies can be shifted to lower frequencies while 
increasing the capacitances values. Fig.6 shown the current 
density of the antenna when the capacitance value is C=5.2pF. 

 
Fig. 6. Simulated current density of the meander antenna for C=5.2pF at:  (a) 

F1= 0.84, (b) F2= 1.86, (c) F3= 2.2 and (d) F4= 2.78GHz 

The representation of the current density explains well the 
radiation property of the meander antenna for all the resonance 
frequencies when c=5.2pF. 3D radiation pattern has a hallow 
along the ox-axis. We note that we have the same radiation 
behavior of unloaded antenna.  The simulated obtained gain 
presented in Fig 7, is about -0.97dBi (0.84GHz), 3.9dBi 
(1.86GHz), -3.4dBi (2.2GHz) and 4.12dBi (2.78GHz). 
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Fig. 7. Simulated 3D radiation pattern of the meander antenna for C=5.2pF 

at:  (a) F1= 0.84, (b) F2= 1.86, (c) F3= 2.2 and (d) F4= 2.78GHz 

B. Varactor diode 

In order to electronically reconfigure the proposed antenna 
in a specific bands and achieving a large tuning frequencies 
range, a BB833 varactor diode from Infineon was replaced the 
chip capacité between the meander and the ground plane. The 
diode was reverse biased so requires adding a resistance, 
referred potential diode. It was placed under the meander, 
connected to the ground plane. A low pass filter was added to 
the antenna structure, which aims to eliminate the interference 
between the continuous and nonlinear. Therefore, eliminate the 
impact of the polarization of the diode of the antenna radiation 
behavior.  The prototype frequency reconfigurable antenna was 
shown in Fig.8. 

 

Fig. 8. Prototype of the frequency reconfigurable antenna 

The measured return loss of the proposed antenna where 
the applied reverse voltage V rises from V=0V to V=17V 
(capacitor value C decreases), are shown in Figs.9. Hence, the 
effective electric length changes leading to the shift of antenna 
bandwidth to higher frequencies. We can note that, when 
applying a reverse voltage from 0 to 8V, only the two 
frequencies F1 and F2 shift to higher frequencies with a good 
input impedance matching.  Frequencies F3 and F4 stay 
unchanged. Obtained tuning measured frequencies range from 

0.7 to 0.98GHz for F1 and from 1.46 to 2.02 for frequency F2. 
When the applied voltage increases from 9 to 17V we observed 
that, the frequency F2 is coincident with F3 fixed at 2.02GHz 
and F1 stay unchanged with obtained frequency of 0.97GHz. 
Frequency F4 changes slightly to higher frequencies. A new 
frequency F5 appears with get tuning measured frequency 
ranges from 2.23 to 2.47GHz. This slight variation in the 
resonant frequencies is due to the small variation of the 
capacitances values of the varactor diode. 

We can note that a compact multiband antenna using 
varactor diode was achieved with an important tuning ranges 
and good input impedance. All obtained measured frequencies 
are summarized in Table II. 

 
Fig. 9. Measured return loss S11 for V=0 to 17V 

A comparison between simulation and measured return loss 
when V=6V (C=2.7pF) are presented in Fig.10. 

 
Fig. 10. Simulated and measured return loss S11 of the meander antenna for 

V=6V 
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Measured reflection coefficient agrees well with simulated 
results. The shift found at higher frequencies may be assigned 
to the fact that the varactor diode model used in simulation was 
simplified (losses were not taken into consideration). It is noted 
that the capacity value is that given by the constructor and may 
be different from the real value. 

TABLE. II. MEASUREMENT RESONANCE FREQUENCY 

V(v) 
C 

(pF) 

F1 

(GHz) 

F2 

(GHz) 

F3 

(GHz) 

F4 

(GHz) 

F5 

(GHz) 

0 - 0.7 1.46 2.03 2.75 - 

3 5.3 0.84 1.63 2.04 2.77 - 

6 2.7 0.91 1.88 2.05 2.77 - 

8 1.8 0.95 1.9 1.98 2.78 - 

9 1.5 0.97 1.98 2.01 2.81 2.23 

12 0.8 0.97 2.01 2.02 2.82 2.36 

14 0.76 0.98 2.02 2.02 2.84 2.4 

17 0.7 0.98 2.03 2.03 2.87 2.47 

The 3D radiation patterns for the proposed antenna when 
V=6V, are shown in Figs.11 and 12. There is a good agreement 
between the simulation and the measured radiation patterns. 
We note that with the introduction of a varactor diode, we keep 
the same radiation patterns with a simple structure. Detailed of 
simulated and measured gains are presented in Table III. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 11.    Simulated 3D radiation pattern of the meander antenna for V=6V at:  

(a) F1= 0.88, (b) F2= 1.9, (c) F3= 2.34 and (d) F4= 2.86GHz 

 
Fig. 12. Simulated 3D radiation pattern of the meander antenna for V=6V at:  

(a) F1= 0.88, (b) F2= 1.9, (c) F3= 2.34 and (d) F4= 2.86GHz 
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TABLE. III. SIMULATED AND MEASURED GAIN FOR V=6V 

Frequency (GHz) Gain (dBi) 

Simulated Measured Simulated Measured 

0.88 0.91 -0.11 -2.9 

1.9 1.88 2.12 -0.88 

2.34 2.05 0.24 -3.05 

2.86 2.77 3.97 3.05 

IV. CONCLUSION 

In this paper, frequency reconfigurable meander patch 
antenna with compact size was studied. The resonance 
frequency can be controlled by inserting firstly a chip capacitor 
then by embedding a varactor diode. Wide tuning frequency 
ranges was achieved  with stable radiation properties. The 
performance of the antenna  such as, return loss and 3D 
radiation pattern are measured. The proposed multiband 
antenna can be easily integrated into PCB and  it seems useful 
to meet wireless communication system needs. Further studies 
are planned to improve the performance of the antenna in terms 
of gain and efficiency, using the micro fluidic structure. 
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