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Abstract – Reconfigurable antennas are key candidates for modern wireless communicating 
devices to perform multiple wireless operations on various frequencies. This paper is introducing a 
compact yet efficient design of frequency reconfigurable TX-Shaped monopole antenna with 
truncated ground plane. The substrate used is FR-4 having a height of 1.6mm. Optical 
reconfiguration technique enables proposed structure to tune to multiple resonant frequencies 
depending upon ON/OFF state of the switch. In switch ON state, antenna exhibit quad band 
characteristics in nature by operating at resonant frequencies ranging from (2282-2816MHz), 
(4525-5053MHz), (11946-14203MHz) and (16200-19180MHz). While in switch OFF state, 
proposed structure operates at triple bands having frequencies ranging from (2685MHz-3632MHz), 
(11985MHz-14234MHz) and (16014-19107MHz). VSWR is calculated less than 1.4 with efficiency 
ranging from 52.5% to 82.6%, while gain of antenna is calculated ranging (1.62dB-3.53dB). 
Proposed tunable TX-Shaped structure is able to serve wireless services that includes Wi-Fi (2400-
2480MHz), LTE2500 (2500-2690MHz), WIMAX (3300-3800MHz), FCC allocated mid band for 5G 
(2500MHz/3500MHz) and Satellite Communication applications in IEEE bands that includes C-
band (2000-4000MHz), Ku-band (12000-18000MHz) and K-band (18000MHz-27000MHz). 
Proposed frequency reconfigurable TX-Shaped antenna is low cost, low profile, lightweight and can 
be used in wireless devices i.e. IPADs, Mobile Phones, 5G device, Tablets, Wi-Fi routers etc. Design 
and evaluation of antennas’ parameters is observed and analyzed in CST Microwave Studio using 
Finite Integration Technique (FIT). 
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I. Introduction 

With modern innovations in the field of wireless 
technology, multiple wireless applications are needed to 
be supported by a single electronic device. Wireless 
technology challenges can be overcome by utilizing a 
single antenna that performs operation on multiple 
frequencies. Tunable antenna is potential candidate to 
meet the requirements of modern wireless communication 
system. Being highly efficient, low profile, low cost and 
advanced reconfiguration technique makes tunable 
antenna considerable for its use in present and future 
wireless technologies. Researchers in [1] observed and 
analyzed reconfiguration mechanisms and evaluated 
respective field as a hot topic for research. Conventional 
multiband antenna while utilizing multiple frequencies 
during wireless operations, doesn’t consider the fact that it 
might not be substantial for an end user.  

Advance switching techniques like PIN diodes, Optical 

Liquid Crystals and Micro-Electro Mechanical Systems 
(MEMS) incorporate in radiating structure which enables 
conventional and multiband antennas to be operated at a 
desired band of frequencies while increasing its efficiency.  

PIN diodes are embedded in structure of novel antenna 
in order to achieve multiple frequencies depending upon 
the state of the switch using electronic switching 
mechanism for L, S and C-band applications [2].  

Reduction of side lobes and improving impedance 
bandwidth of monopole antenna is reported in [3] for 
modern wireless and satellite communication. Microstrip 
antenna having less space requirement, resonating at a 
frequency of 10.15GHz, is suggested by researchers for 
future 5G wireless communication in [4].  

In [5], an optically tunable monopole antenna is 
investigated by researchers for wireless services and is 
summarized in Table I.  
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TABLE I 
WIRELESS APPLICATIONS AND OPERATIONAL FREQUENCY RANGES 

S.no  Wireless 
Applications Frequency ranges (MHz) 

1 

Universal Mobile 
Telecommunication 

System (UMTS) 
[2]  

1920-2170 

2 

World Wide 
Interoperability and 
Microwave Access 

(WIMAX) [2] 

2500-2690/5250-5850 

3 Wireless Fidelity 
(Wi-Fi) [2] 2400-2480 

4 Bluetooth 2400-2480 

5 
Long Term 
Evolution 

(LTE2500) [19] 
2500-2690 

6 

Fixed satellite (S-
E), Mobile, Radio 
Astronomy, Space 
research (Passive) 

[20] 

4500-5000 

7 Mid Band (5G) 
[21] 2500/3500 

8 

Satellite 
Communication 
(T.V networks) 

[22] 

4000-8000 

 
In addition, authors in [6] inspected a seven shaped 

monopole structure by inserting an optical switch and 
designing a truncated ground plane to increase its 
efficiency and reducing its cost. Due to unique features of 
liquid crystal polymer, an antenna structure with 
electronic reconfiguration is observed in [7] for 5G 
networks. Conventional multiband antenna without 
reconfiguration techniques consumes more battery power 
with reduced performance for wireless operations, which 
can be solved by using method of reconfiguration (Pattern, 
Frequency and Polarization). For quad band cellular 
phones, a two pin diode is utilized to achieve tunable 
antenna that perform operations at Universal Mobile 
Telecommunications Service (UMTS) and Global System 
for Mobile communications (GSM-1900, GSM-1800, 
GSM-800) as observed in [8]. Features of chip inductors 
employed along with PIN diodes for UMTS and Wireless 
Local Area Network (WLAN) applications are discussed 
in [9]. Tremendous research work increase in Radio 
Frequency Micro-Electro Mechanical Systems (RF-
MEMS) switches utilization to achieve reconfiguration is 
reported in [10]- [12]. 

Moreover, a newly designed circular antenna in [13] 
consisting of an inner and outer circular patch connected 
through photoconductive silicon switch is designed to 
achieve frequency reconfiguration and a laser light is 
provided from source via optical fiber coupled with switch 
by creating a hole in the substrate; thus improving the 
performance of frequency reconfigurable antenna and 
return loss, by increasing the power of laser light. Various 
reconfiguration mechanisms in [14] led antenna to be used 
for space applications. Similarly switch ON/OFF states 
are controlled using IRED’s (880nm) to achieve frequency 
reconfigurable antenna by tuning frequency from 3.9 to 

6.2 for cognitive radio applications in [15]. 
In this paper, a novel frequency reconfigurable TX-

Shaped monopole antenna is designed on FR-4 substrate 
with a height of 1.6mm. Truncated ground plane is 
designed to enhance its performance and features of 
microwave circuit. Proposed structure is suitable to be 
used for wireless applications and also for the applications 
that includes Worldwide Interoperability for Microwave 
Access (WIMAX), Long Term Evolution (LTE), 
International Mobile Telecommunications-Advanced 
(IMT-A), C-band, Ku-band and K-band for satellite 
applications. Optical switches have advantage of ease in 
integration and do not require biased lines as compared to 
PIN diodes as observed in [16]. 

In CST Microwave Studio optical switches are 
incorporated using lumped elements. The values of 
lumped elements are different depending upon the state of 
the switch. After excitation through transient solver, a high 
resistance value in lumped elements shows OFF-state of 
the switch whereas a low resistance value shows ON-state 
of the switch allowing flow of current in a certain portion 
of the radiating patch. Various switching techniques are 
utilized to achieve tunable antenna of which the frequently 
used techniques are summarized in Table II. 

 
TABLE II 

SWITCHING TECHNIQUES 

S.no  Switching 
Mechanism Description 

1 Physical 
Reconfiguration  Alteration in Structure 

2 Electrical 
Reconfiguration Varactor, RF-MEMS 

3 Material 
Reconfiguration Ferrites, Liquid Crystals 

4 Electronic 
Reconfiguration PIN diodes 

5 Optical 
Reconfiguration 

Photo detectors, Photo 
diodes 

II. Design Methodology and Geometry 
This section represents the design methodology as well 

as the geometry of proposed TX-Shaped switchable planer 
monopole antenna. 

A. Design of Switchable TX-Shaped Monopole Antenna 
on Truncated Ground plane 

The geometry and dimensions of proposed switchable 
TX-Shaped planer monopole antenna for WIMAX, 
LTE2500, Wi-Fi, Bluetooth, 5G, C-band, Ku-band and K-
Band wireless services is shown (see Fig. 1). Proposed 
antenna is designed on FR-4 substrate with a thickness of 
1.6mm having loss tangent 0.019 and relative permittivity 
4.5. FR-4 in humid and dry condition has high electrical 
insulating and optimum mechanical value. The rate of 
absorption of water in respective substrate is nearly zero. 
Due to its low cost and unique features, FR-4 substrate is 
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used in electronic technology for a wide range of 
applications.  

Radiating element and truncated ground plane is 
designed using copper as a material to achieve an effective 
gain and optimum efficiency. Respective monopole is fed 
via 50Ω copper microstrip line. Utilizing well known 
equation from [17] to obtain the width of feed line (Wf= 
3mm). In front view of designed antenna (see Fig. 1(a)), 
the lower and upper part of radiating element is connected 
by line which is an optical switch.  

 
 

 
(a) (b) 

 
Fig.  1. Design of Switchable TX-Shaped Monopole Antenna on 
Truncated Ground Plane, (a) Front View (b) Back View 
 

 
In modern technology optical switch i.e. photodiodes 

are used as a switch or relay in an electronic system to 
achieve better performance as compared to electrical 
switches.  

In proposed research work a PDINCC series single 
InGaAs photodiode (see Fig. 2) having dimension of 1mm 
is utilized. Calculated standard optimal range of InGaAs 
is 1000-1650nm. Respective switch is designed in CST 
microwave studio by utilizing their standard parameters 
listed in Table III.  

 

 
Fig.  2. Schematic Diagram of PDINCC Series 1nGaAs Pin Photodiode 

 
 
 
 
 
 
 
 

TABLE III 
SUMMARY OF STANDARDIZED PARAMETERS OF PDINCC SERIES 

PHOTODIODE 

Parameters Values 

Wavelength (nm) 1000-1650 
Active Area (mm) 1 

Responsivity (A/W) 0.90 
Dark Current (nA) 5 
Capacitance (pf) 100 

Shunt Resistance (M Ohm) 10 
Bandwidth (MHz) 30 

Reverse Voltage  (V) 10 
Forward Current (A) 50 

Operating Temperature (0C) (-40)-(85) 
Storage Temperature (0C) (-40)-(85) 
Input Optical Power (mW) 5 

Soldering Temperature 
(0C/Sec) 260/10 

 
Using theory of transmission line model from [18], 

effective length “C” of proposed antenna is calculated as 
C2.50=52.22mm, C4.80=42.22mm, C13.27=20.46mm and 
C18.45=18.21mm, which include all lengths of the X-
Shaped structure in ON-state (Quad band) of a switch. 
Whereas, in OFF-state a partial portion of “X” and 
radiating element “T” is responsible for operation on 
desired frequencies (Triple band) having effective length 
of C3.09=46.59mm, C13.27=20.46mm, and C18.29=18.65mm. 
Given resonant lengths can be written in the form of 
guided wavelengths λ2.50, λ3.09, λ4.80, λ13.27, λ18.29, λ18.45 
using (1)-(6). 

 
C2.50 = λ2.50/4         (1) 
C3.09 = λ3.09/4         (2) 
C4.80 = λ4.80/4         (3) 
C13.27 = λ13.27/4         (4) 
C18.29 = λ18.29/4         (5) 
C18.45 = λ18.45/4         (6) 

 
A guided wave length for desired resonant frequency 

can be calculated from (7). 
 

λƒ𝑟𝑟 = 𝑐𝑐
ƒ𝑟𝑟√𝜀𝜀𝜀𝜀

 (𝐺𝐺𝐺𝐺𝐺𝐺)         (7) 

 
“ƒr” is the desired resonant frequency, “c” is the 

velocity of light, “h” shows thickness of substrate, “Wp” 
is the width of radiating element, “εr” is the relative 
permittivity while “εe” is the effective permittivity of the 
material and is calculated using (8). 

 
𝜀𝜀𝑒𝑒 = 𝜀𝜀𝑟𝑟+1

2 + 𝜀𝜀𝑟𝑟−1
2  (1 +  12h/Wp)−1/2    (8)  

 
Proposed antenna is conveniently shaped into a small 

compact size having dimensions 40 x 21 x 1.6mm3. 
Summary of overall dimensions of the proposed 

antenna (see Fig. 1) is given in Table IV.  
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TABLE IV 
SUMMARY OF DIMENSIONS FOR FREQUENCY RECONFIGURABLE TX-

SHAPED ANTENNA IN FIG. 1 

Lengths Values 

C1 7.50mm 
C2 7.42mm 
C3 5.63mm 
C4 1.98mm 
WP 2.5mm 
Cf 18.75mm 
Cg 12mm 

Wg=Ws 21mm 
h 1.6mm 

Wf 3mm 
Cs 40mm 

III. Simulations and Results 
In CST Microwave Studio, a numerical Finite 

integration technique (FIT) from [18] is utilized in order 
to design and analyze respective microstrip antenna. Thus 
solution of electromagnetic wave equation is eligible in 
frequency as well as in time domain. To study antennas’ 
various parameters i.e. scatter parameter, directivity, 
Voltage Standing Wave Ratio (VSWR), gain, return loss, 
impedance and efficiency, an excitation is given to 
proposed antenna by using wave guide port. Open 
boundary condition and transient solver is used to evaluate 
respective parameters efficiently. 

A. Return Loss 

In ON state of an optical switch, a resonant frequency 
at 2.50GHz, 4.80GHz, 13.27GHz and 18.45GHz 
(WIMAX, LTE2500, 5G, C-band, Ku-band and K-band) 
is obtained having return loss of -29.36dB, -23.10dB, -
16.37dB, -19.44dB in a frequency range 1-20GHz 
whereas in OFF state of an optical switch, a resonant 
frequency at 3.09GHz, 13.27GHz and 18.29GHz (S-band, 
Ku-band, K-band) is obtained as tabulated in Table V.  

 
TABLE V 

SWITCHING STATES AND RESONANT FREQUENCIES 

S.no  Switch State Resonant Frequency (GHz) 

1 ON  Quad Band , 2.50, 4.80, 
13.27, 18.45 

2 OFF Triple Band 3.09, 13.27, 
18.29 

 
Respective antenna operates on multiple bands in each 

switching state. Table V shows the desired resonant 
frequency according to ON/OFF state of a switch. 
Whereas the return loss of simple multiband antenna and 
optically reconfigured antenna is shown (see Fig. 3). 
According to the graph, simple multiband antenna 
showing satisfactory performance radiating at three 
resonant frequencies whereas the simple version is 
modified and optically reconfigured in order to achieve 
best performance by obtaining new resonant frequencies 

and improving existing resonant frequencies of simple 
multiband antenna for modern cellular and satellite 
applications.  

 
Fig.  3. S11 Parameters-Return loss in Switch ON and Switch OFF state 
 

Furthermore, proposed structure is evaluated with 
respect to the size of the ground in both switching states. 
In Switch ON state, performance of antenna at full ground 
plane is degraded and we observed only one resonant 
frequency band with poor impedance matching. However, 
antenna showing satisfactory performance at half ground 
plane with a shift in resonant frequency (Single band). 
Hence, over all antenna performance in switch ON state is 
improved by selecting optimum value of ground plane. 
Truncated ground plane value is achieved by changing 
size of ground plane through parametric analysis of 
proposed structure. It is observed that antenna operates at 
multiple frequencies (Quad band) utilizing truncated 
ground plane and can be used for modern wireless 
applications. Return loss of TX-shaped tunable antenna 
for different ground plane size is shown (see Fig. 4). 
 

 
 
Fig.  4. S11 Parametric Analysis of TX tunable monopole in Switch ON 
state 
  

In Switch OFF state, antenna performance is degraded 
at full size and half size ground plane as compared to 
performance observed using truncated ground plane.  
Antenna radiates at multiple resonant frequencies (Triple 
band) with improved parameters (Gain, Directivity, 
efficiency etc.) whereas single band is achieved in both 
full and half ground plane is shown (see Fig. 5). 
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Fig.  5. S11 Parametric Analysis of TX tunable monopole in Switch OFF 
state 

B. Gain Patterns & VSWR 

Gain Patterns (E- and H-plane) in switch ON mode of 
proposed TX-Shaped monopole antenna at 2.50GHz, 
4.80GHz, 13.27GHz, 18.45GHz and 3.5GHz are shown 
(see Fig. 6), having values 1.62dB, 1.46dB, 3.29dB and 
3.26dB respectively. A gain of 1.76dB, 3.53dB, 3.38dB is 
achieved at resonant frequency 3.09GHz, 13.27GHz and 
18.29GHz respectively in the switch OFF mode.  

 

 
 
Fig.  6. E and H-Planes in Switch ON-Mode at 2.50GHz, 4.80GHz, 
13.27GHz and 18.45GHz respectively. While (e)-(g) shows E and H-
Planes in Switch OFF-Mode at 3.09GHz, 13.27GHz and 18.09GHz 
respectively 

Voltage standing wave ratio is a fundamental parameter 
of antenna which accounts mismatch losses between 
radiating structure and guiding device. Proposed 
monopole structure has a VSWR less than 1.4 for the 
fundamental frequencies in their desired state. It gives a 
VSWR of 1.07, 1.15, 1.36, and 1.24 in ON mode at a 
frequency of 2.50GHz, 4.80GHz, 13.27GHz and 
18.45GHz respectively. Whereas in OFF mode, VSWR is 
found to be 1.01, 1.36, 1.24 at frequency 3.09GHz, 
13.27GHz and 18.29GHz respectively (see Fig. 7). 
Antenna is matched properly to the fed impedance. 

 
 

Fig.  7. VSWR in Switch ON & OFF state 

C. Surface Currents & Far field Radiation 

The distribution of current over radiating structure can 
be analyzed in both states of the switch. In switch ON 
condition, whole portion of radiating structure takes part 
in radiation at defined resonant frequencies. In OFF mode, 
a half Portion “X” and T-Shape of antenna takes part in 
radiation. However, radiation observed in upper half 
portion of X shape in OFF mode is due to electromagnetic 
radiation coupling. Surface currents of TX-Shaped 
monopole are shown (see Fig. 8). 

 

 
8(a) 

 

 
 8(b) 

Fig.  8. Surface currents (a) Switch ON-Mode (b) Switch OFF-Mode 
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Proposed antenna has the following Far-Field Radiation 
Plots (3D), which are analyzed in CST Microwave Studio 
using FIT. Radiation patterns are obtained in both states 
of a switch (see Fig. 9). Directivity values of radiation in 
ON mode is calculated as 2.44dBi, 4.24dBi, 4.89dBi, 
5.70dBi at 2.50GHz, 4.80GHz, 13.27GHz and 18.45 GHz; 
whereas 2.70dBi, 5.12dBi, 5.64dBi is achieved at 
3.09GHz, 13.27GHz and 18.29GHz in OFF mode 
respectively. 

 

 
(a) 

 

 
 (b) 

Fig.  9. Far Field Radiation (a) ON State (b) OFF State 

D. Size Miniaturization and Summary of Results 

 TX-Shaped frequency reconfigurable antenna is 
designed having compact size of 40 x 21mm2. Quad band 
and triple band behavior of antenna is achieved on the 
basis of employing switching mechanism in radiating 
structure. Designing a truncated ground plane enables the 
antenna to perform efficiently while reducing its total cost. 
TX-Shaped multiband monopole structure is compared, in 
terms of size and frequency bands, to a previous research 
work listed in Table VI. Table VII and Table VIII 

represents overall summary of the proposed antennas’ 
parameters. 
 

TABLE VI 
COMPARATIVE STUDY OF PROPOSED STRUCTURE WITH PREVIOUS 

RESEARCH WORK 

Reference  Dimension Frequency 
range (MHz) 

 Comments  

[2] 40 x 22 2227-2663, 
5078-5744 

 Dual band  

[23] 40 x 35 2260-2420, 
3290-3600 

 Large Size, 
Dual band only 

 

[24] 60 x 60 
1550-1570, 
2395-2695, 
4975-5935 

 Large Size, 
Triple band 

 

[25] 67 x 38 863-1049, 
1490-2810 

 Large size, 
dual band only 

 

      

Proposed 
work 40 x 21 

(2282-2816, 
4525-5053, 

11946-14203, 
16200-
19180) 

(2685-3632, 
11985-14234, 

16014-
19107) 

 Quad band and 
triple band, 

Optical 
reconfiguration 

size 
miniaturized 

 

 
TABLE VII 

SUMMARY OF RESULTS IN SWITCH ON-MODE 

Parameters Switch ON 

Frequency 2.50GHz 4.80GHz 13.27GHz 18.45GHz 
Directivity 2.44dBi 4.24dBi 4.89dBi 5.70dBi 

Gain 1.62dB 1.46dB 3.29dB 3.26dB 
Return Loss -29.36dB -23.10dB -16.37dB -19.44dB 
Band Width 21.6% 11.04% 17.33% 16.04% 
Efficiency 82.6% 52.5% 67.6% 79.8% 
Impedance 53.23Ω 46.63Ω 52.39Ω 56.1Ω 

VSWR 1.07 1.15 1.36 1.24 
 

TABLE VIII 
SUMMARY OF RESULTS IN SWITCH OFF-MODE 

Parameters Switch OFF 

Frequency 3.09GHz 13.27GHz 18.29GHz 
Directivity 2.70dBi 5.12dBi 5.64dBi 

Gain 1.76dB 3.53dB 3.38dB 
Return Loss -43.70dB -16.26dB -19.43dB 
Band Width 31.07% 16.96% 16.89% 
Efficiency 80.46% 67.65% 61.95% 
Impedance 50.62Ω 53.75Ω 61.95Ω 

VSWR 1.01 1.36 1.24 

IV. Conclusion 
A multiband tunable TX-Shaped planer monopole 

antenna for WIMAX, Wi-Fi, LTE2500, S-band, Ku-band 
and K-band has been designed and investigated in this 
paper. Respective antenna is reconfigured by utilizing 
optical reconfiguration technique to operate in different 
wireless services. Quad band is achieved from proposed 
structure in switch ON mode. The same antenna operates 
at three (Triple band) resonant frequencies in its switch 
OFF mode. A highly efficient monopole is analyzed 
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having efficiency up to 82.6% using truncated ground 
plane. Return loss is obtained below -10dB threshold at 
specified resonant frequencies, with efficient bandwidth, 
VSWR and better impedance matching. Omni directional 
far field pattern of TX-Shaped radiating monopole is more 
flexible to operate in a wireless environment. Proposed 
Antenna with its own efficient features can be used in 
wireless applications i.e. WIMAX, LTE, S-band, C-band, 
Ku-band and K-band satellite applications (Fixed satellite, 
Radio astronomy, Space research, T.V networks). 
Proposed TX-Shaped frequency reconfigurable antenna 
can be used in wireless devices like smart watch, laptops, 
mobile phones, vehicles and remote control devices. 

 As a future work, gain of respective antenna can be 
enhanced by using meta materials in order to be used in 
5G devices to operate at FCC allocated mid band for 
capacity and coverage i.e. 2.5GHz and 3.5GHz 
respectively. The prototype of the antenna will be 
fabricated to validate the simulated results. 
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