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Abstract—This paper presents, a compact coplanar 

waveguide (CPW) fed frequency reconfigurable antenna 

integrated with PIN diode. The electrical length of the 

radiating patch is modified due to diode which acts as a 

switch in proposed antenna system with proper biasing 

circuit. The prototype of design is made on FR-4 

substrate. The antenna parameters; return loss, gain and 

radiation pattern have been presented for validation of 

antenna characteristics. The operating frequency ranges 

of the antenna are 3.1 to 3.6 GHz, and 6 to 8.8 GHz in 

ON state while 3.8 to 5.05GHz and 7.55 to 9 GHz in 

OFF state of diode respectively. The obtained results 

reveal that proposed antenna could be very useful for 5G 

and specific UWB applications. 
 

Index Terms—PIN    diode,  reconfigurable,    compact 

coplanar waveguide, antenna geometry, 5G, switch. 

I.      INTRODUCTION 

In recent years, the wireless communications have 

made remarkable progress due to use of compact 

antennas and advance wireless technologies. However, 

the existing system faces some challenges such as 

connectivity, consistency, coexistence of signals, data 

rates and energy transmissions. The aim of 5G 

technology is to provide data with high speed, 

connectivity between large numbers of devices with 

proper reliability [1]. The radiation characteristics and 

capacity of digital devices can be improved by 

generating different frequency bands with a single patch 

antenna, termed as reconfigurable antenna. 

Reconfigurable antennas are becoming the most 

affordable option to assist different wireless services. 

In general, reconfigurable antenna behavior adjusts 

themselves in four ways according to the wireless device 

needs such as frequency, radiation pattern, polarization 

and its combination. Frequency reconfigurable antenna 

leads to preference performance; reflection coefficient, 
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constant gain and radiation pattern, which reduces the 

number of antennas required in single device. 

The frequency configurability in antenna can be 

achieved either by electrical or physical modification in 

antenna geometry [2].  

The electrical characteristics can be improved either a 

RF switch [3] or impedance matching [4] with feed line. 

With RF switches the electrical length of the antenna 

radiator changes so that it causes a change in the current 

and electric field distributions of the modified antenna 

[5]. The main purpose of switch is to control the input 

RF signals in antenna structure. Fundamentally, two 

types of switches are reported in literatures namely 

electromechanical switch (MEMS) [6] and solid state 

based switches (PIN, FET, VARACTOR and optical 

control).  

The preferences of using PIN diode depend upon the 

application where a high speed network is needed, 

whereas RF MEMS switch useful for low insertion loss 

with high quality factor. VARACTOR diode is useful 

where polarization reconfiguration is in demand [7]. 

Using this diode, a fine tuning configurability achieved 

with drawback that the size of antenna becomes bulky. 

The use of a FET as switch is free from any type of 

biasing in the designed structures [8]. The performance 

of optical switches compared to these switches are better, 

particularly the energy loss is decreased which results in 

increase of efficiency of antenna [9]. 

The 5G frequency bands contains three sub bands; 

lower band (Below 1GHz), mid band (1-6 GHz) and 

upper band (above 6 GHz) for the applications of cellular 

and IoTs word wide [10]. The band allocated for 5G in 

India is 3.3 GHz and 3.4 GHz, which lies in the operating 

frequency range of the proposed antenna.  

In this paper frequency reconfigurable approach is 

used for 5G sub 6GHz and fixed frequency application 

for specific UWB application (6 to 8.5 GHz) defined by 

ECC within CEPT for location tracking application [11]. 

The antennas geometry is discussed in Section II. The 

process of integration of diode and antenna is described 

in Section III. The measurement results and discussion 

are illustrated in Section IV, while conclusion is given in 

Section V of the paper. doi:10.12720/jcm.15.4.345-349
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II.   ANTENNA GEOMETRY 

The primary objective of the proposed research work 

is to design a reconfigurable dual-frequency CPW fed 

antenna with high tuning ranges. The basic geometry of 

the antenna is shown in Fig. 1 (a), and prototypes is 

given in Fig. 1 (b). The antenna is designed on a 

dielectric substrate FR4 with εr = 4.4, loss tangent tan δ = 

0.027 and thickness h = 1.6 mm. Proposed antenna 

dimension is 20 10  1.6 mm
3
 and width of feed line is 

2 mm. The gap between feed line and ground plane is 0.5 

mm and the feed length is 5 mm. BAR6402 PIN diode 

has been used for sub 6 GHz switching application with 

biasing circuit (Section III). The design parameter of 

proposed antenna is given in Table I. 

TABLE I: SUMMARY OF DESIGN PARAMETERS 

     Parameters L L1 L2 L3 L4 L5 

Dimensions(mm) 20 2.5 2.5 5.5 3.2 4.8 

     Parameters W W1 W2 W3 W4 Wf 

Dimensions(mm) 10 6  4 3.5 8 2 
 

 
(a)                                           (b) 

Fig. 1. (a) Top view (b) prototype of proposed antenna  

III.    PROPOSED ANTENNA DESIGN 

A reconfigurable antenna radiates with a primary 

element termed as patch, which can be reconfigured with 

the help of active and passive components or devices. In 

the first step of antenna design, an active patch (L3) and 

a parasitic patch (W1) is spaced by length L4. The PIN 

diode (D) with two capacitors (C1 and C2) are integrated 

at middle of space (L4). The inductors are also used to 

bypass leakage currents, and a register is used to provide 

proper voltage to diode. The width W2 and width W3 are 

used for ground purpose of antenna. 

Pin diode connected in this structure increases the 

frequency tuning. The working of the antenna relates 

with a current distribution on its surface, so any 

disturbance in structure creates a new path to current 

flow, which causes the radiation frequency change due to 

variation in length of antenna.  

The PIN diode BAR 6402 is incorporated along the 

patches and can significantly tune the resonant 

frequencies. The ON and OFF parametric specifications 

of diode is depicted in Fig. 2 (a & b). 

 
(a)                                      (b) 

Fig. 2. Circuit diagram of diode (a) ON (b) OFF conditions 

The bias networks are significant component for 

supplying the particular bias voltage and current in any 

active circuit. The biasing circuit and biasing parameter 

used in the design has been shown in Fig. 3, which 

consists of a bias network capacitors C1 and C3 as a DC 

blocking and input and out matching.  

 
Fig. 3. Biasing circuit diagram of PIN diode 

In Fig. 3, only a small DC source frequency is passing 

through to activate the PIN diode while the capacitor (C1) 

is blocking the RF signals. The capacitor C2 decoupling 

the noise from Radio frequency. The inductor L1 used as 

RF chokes to provide low impedance for DC signal and 

high impedance for RF signals, and the inductor L2 

provide the lowest path for grounding the DC signal. The 

resistor R1 used to control the biasing current to the PIN 

diodes.  

IV.  MEASUREMENT RESULTS AND DISCUSSION 

 
Fig. 4. Simulated S11 (dB), with PIN Diode ON (solid line) and OFF 

(dotted line) conditions. 
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The performance characteristics of the antenna is 

analyzed with HFSS 13 and obtained results indicate that 

the variation of S-parameter (S11 in dB) with frequency 

have four operating frequency resonances (Fig. 4). When 

the switch is turned ON and OFF, the antenna operates in 

a dual operating band and desired return loss is obtained. 

The operating frequency ranges of the antenna are found 

to be as follows: 3.1 to 3.6 GHz, and 6 to 8.8 GHz in ON 

state while 3.8 to 5.05GHz and 7.55 to 9 GHz in OFF 

state of diode respectively. 

That antenna provides wide tunings for the both 

resonant frequencies. To represent the variables in 

simulation, the lumped element networks of the RF 

switch at ON and OFF state are used. As the RF switch, 

BAR6402 PIN diode is implemented to regulate the 

antenna's reconfigurable system. The concept of this 

switch is to limit the amount of RF current to flow along 

the required path. The position of the RF switch is 

therefore crucial for re-configurability and must be 

optimized in antenna design.  

 
Fig. 5. Comparison of simulated S11 (dB) with measured result in PIN 
Diode ON condition. 

Fig. 5 indicates the comparison of simulated and 

measured return loss coefficients of the proposed antenna 

in diode ON conditions while Fig. 6 shows the 

comparison in diode OFF condition. Reasonable 

agreement between simulation and measurement data is 

observed.  

 
Fig. 6. Comparison of simulated S11 (in dB) with measured result in 

PIN Diode OFF condition. 

The values of simulated Peak gain in PIN Diode ON 

condition extends from 1.75 dBi at 3 GHz to 4 dBi at 

8.25 GHz, and in OFF condition, it extends from 2.25 

dBi at 4 GHz to 3.5 dBi at 7.5. GHz, as shown in Fig. 7. 

Also the radiation efficiency in the operating frequency 

is found around 90%. 

 
Fig. 7. Variation of simulated peak gain with frequency. 

The Co-pol. and Cross Pol. radiation pattern of the 

proposed antenna in two different planes (xz plane and 

yz plane) at 3.4 GHz and 6.5 GHz in ON conditions of 

PIN diode is shown in Fig. 8, While the Co-pol. and 

Cross Pol radiation pattern of the proposed antenna in the 

same planes at f 4. 2 GHz and 8.2 GHz in OFF condition 

is shown in Fig. 9 respectively. These variations show 

the Omni directional behavior of the antenna, and 

difference between co and cross plane of radiation power 

is higher than the 20 dB in broadside direction.  

 
(a) 

 

(b) 

Fig. 8. Co-pol. and Cross Pol. radiation pattern when PIN Diode is ON 

condition (a) in xz plane (b) in yz plane. 
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(a) 

 

(b)
 

Fig. 9. Co-pol
 
and cross pol radiation pattern when PIN Diode is OFF 

condition (a) in xz plane (b) in yz plane.
 

V.    CONCLUSION

 

In
 

this
 

paper, A
 

compact frequency
 

reconfigurable
 
antenna fed with coplanar waveguide 

(CPW) and
 
integrated with PIN diode

 
has been presented. 

The
 
length of the radiating patch is found to be modified 

with use of diode
 
because it acts as a switch under proper

 

biasing
 
circuit. The performances of proposed antenna 

have been analyzed using HFSS. The antenna parameters; 

return loss, gain and radiation pattern have been 

simulated, and the obtained |S11| in (dB)
 
are verified

 
with 

measured results. Reasonable agreement between 

simulation and measurement
 

data is observed. The 

operating frequency bands of the antenna are 3.1 -
 
3.6 

GHz, and 6 -
 
8.8 GHz in ON

 
condition, and 3.8

 
-
 
5.05

 

GHz and 7.55
 
-
 
9 GHz in OFF

 
condition of

 
PIN diode 

respectively.
 
The

 
obtained results reveal that proposed 

antenna are
 

very useful for 5G and specific UWB 

applications.
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