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Abstract ─ This paper presents continuously switchable 

behavior between narrowband (5.5 GHz WLAN), 

wideband (3-11 GHz UWB), and band-notched UWB 

using a miniaturized novel resonator. Three essential 

responses can be achieved from the same resonator 

by adequately utilizing the two capacitors. The first 

essential narrowband behavior is obtained from the 

resonator at 0.1pF is WLAN (5.5 GHz) operating 

frequency band. The second wideband behavior is 

achieved from the resonator to work between 3-11 GHz 

UWB frequency band. This behavior is achieved by 

changing the value of capacitors from 0.1 pF to 0.8pF. 

Finally, band-notched UWB response has been achieved 

by adjusting the position of capacitors, and this band-

notch behavior can also be tuned continuously between 

WLAN and WiMAX frequency band. The antenna 

designed for these objectives have a compact size of 

24×30.5 mm2 including the particular ground plane. The 

clean and consistent radiation pattern of the antenna is 

observed because of the placement of the resonators in 

the partial ground plane. The antenna is also fabricated, 

and its response to three behaviors is measured for 

validation. 

Index Terms ─ Band-notched UWB behavior, 

continuously switchable behavior, narrow-band behavior, 

tunable band-notched response, wide-band behavior. 

I. INTRODUCTION 
The wireless communication systems are highly 

developed in recent years, and the spectrum congestion 

has been highly increased. Narrow-band to wide-band 

switchable antennas is one of the best solutions to utilize 

the spectrum properly. These antennas will properly 

sense the environment in the particular state and will 

occupy the existing frequency band instantaneously 

using the dynamic spectrum allocations. Secondly, the 

antennas and filters should be integrated so that it can 

reduce the overall size of the transceiver and improve 

the capability of antennas as an antenna filter. In this 

context, a new concept termed as filtering antenna that 

can realize the filtering functionality and radiation 

characteristics simultaneously is presented in past years 

[1-2]. This technique avoids the designing of bandpass 

filter and antenna separately, and thus a more compact 

structure can be developed which in turn profoundly 

improves the performance of RF front-end. By combining 

the benefits of above two techniques, (switchable antennas 

and filtering antennas), a narrowband-to-wideband 

continuously switchable filtering antenna could be 

developed.  

In last decades, many research papers have been 

published on reconfigurable antennas and narrowband 

reconfigurable antennas [3-6]. A frequency tunable 

antenna has been proposed in [7]. The tunability in 

narrow frequency band has been achieved by utilizing 

a reconfigurable filter, while PIN diode is used to 

switch the behavior of antenna between wideband and 

narrowband. A switchable bowtie dipole antenna between 

narrowband and wideband response is realized in [8], by 

controlling the PIN diodes states. Similarly, in [9-11] 

different MEMS switches, varactor diodes, and PIN 

diodes have been implemented to achieve the switching 

functionality between the narrowband and wideband 

behavior.  

Another critical and critical concern of wireless 

communication appliances is the miniaturization and 

integration methods that can reduce the overall size of 
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the transceiver. In this regard, several techniques of the 

filters and antennas integration have been proposed in 

the literature [12-13]. A novel antenna is achieved in [14] 

with filtering behavior and dual-band response while in 

[15] a reconfigurable slot has been used to place filtering 

behavior in the antenna.  

Based on the research work discussed above, 

switchable behavior between narrowband and wideband 

is achieved with straightforward structure and novel 

resonator. This manuscript is novel in the following 

aspects. 

(1) For wireless communication devices such as 

smartphones and handset mobile internet devices to 

access the wireless spectrum of UWB and WLAN, a 

continuously switchable antenna is developed as it can 

instantaneously occupy the available range. 

(2) The UWB response is also made band-notched 

in the WLAN frequency band due to unavoidable 

electromagnetic interferences.  

(3) The band-notched response is also made 

continuously switchable and can be shifted to WiMAX 

frequency band depending on the desired application. 

(4) Three different behaviors are achieved from the 

same resonator based on capacitors placement. 

(5) The designed filtering antenna is not only valid 

to the narrow and wideband operation but can also 

accomplish miniaturization in RF front-end. 

In this paper, we have presented a continuously 

switchable behavior between narrowband (5.5 GHz 

WLAN), wideband (3-11 GHz UWB), and band-notched 

UWB using a miniaturized novel resonator. Three 

essential behaviors are achieved from a single antenna 

by adequately utilizing the two capacitors. The first 

important behavior is achieved from the antenna at 0.1pF 

is WLAN (5.5 GHz) operating frequency band. The 

second behavior is developed by changing the value of 

both capacitors to 0.8pF to operate at wideband (UWB). 

Finally, band-notched UWB response is achieved by 

further adjusting the capacitor value, and this band-notch 

is also made continuously tunable between WLAN and 

WiMAX frequency band. The antenna has a compact 

size, and its dimensions are 24×30.5 mm2. The clean 

and consistent radiation pattern of the antenna is also 

observed because of the placement of the resonators in 

the partial ground plane. The antenna is also fabricated, 

and its three behaviors response is measured.  

The arrangement of the paper is carried out in the 

following manner. Section II contains discussion on 

simulation and measurement of three essential behaviors 

that have been achieved from the designed antenna. 

Section III dealt with the analysis of the resonator 

implemented and showed how these three behaviors 

could be achieved from a single resonator. Section IV 

deals with measurement discrepancies which are followed 

by conclusion in Section V. 

II. DISCUSSION ON SIMULATION AND

MEASUREMENTS FOR ACHIEVING 

THREE IMPORTANT BEHAVIORS FROM 

RESONATOR 

A. Narrowband behavior antenna 

The configuration and geometry of the narrowband 

antenna are shown in Fig. 1. This antenna is fabricated 

on Rogers RO4003 substrate with a thickness of 1.5 mm 

and the relative dielectric constant of εr=3.38 which 

has a dimension of 24×30.5 mm2 (i.e., Wsub×Lsub). The 

parameters of the proposed antenna are mentioned in 

Table 1. Two symmetrical capacitors are placed at the 

junction of the feedline and proposed resonators to 

control the response of the antenna. At 0.1pF the antenna 

is the good narrowband radiator and operate at 5.5 GHz 

WLAN frequency band. 

The behavior of the antenna has been studied and 

simulated in Ansoft HFSS while it has been validated in 

CST Microwave studio suite. When the value of both 

capacitors are 0.1pF, then the resonator is coupled to the 

feedline and generates a narrowband behavior as shown 

in Fig. 3. The antenna is also fabricated as shown in 

Fig. 2 and its response at 0.1pF is correlated with the 

simulated one in Fig. 3. 

Table 1: Dimensions (in millimeters) of the proposed 

antenna 

Parameters Lsub Wsub L1 L2 L3 L4 

Value (mm) 30.5 24 13 5 1.7 1.2 

Parameters L5 W1 W2 W3 W4 W5 

Value (mm) 0.96 22 10.6 5 2.3 0.2 

Parameters G1 G2 G3 T H R 

Value (mm) 0.2 0.25 0.2 0.017 1.5 11 

Fig. 1. Geometrical parameters of the narrowband-to-

wideband antenna. 
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Fig. 2. Fabricated picture of the narrowband antenna. 

Fig. 3. Simulated and measured narrowband behavior of 

the antenna. 

Fig. 4. Simulated and measured the wideband behavior of 

the antenna. 

B. Wideband behavior antenna 

The antenna response has been switched to 

wideband by changing the value of both capacitors. At 

0.8pF the antenna is a good UWB radiator and operate 

within 3-11 GHz. The antenna at 0.8pF is also simulated 

and measured, and the response has been shown in 

Fig. 4. Also, the measurement results in comparison to 

numerical simulation results are shown in Fig. 5 for 0.1 

PF and 0.8 PF. When the value of both capacitors are 

0.8pF, then all the electromagnetic energy is transformed 

to the patch radiator, and it acts as a wideband UWB 

antenna. This behavior can be more clearly studied in 

Fig. 6 where the parametric analysis has been performed, 

and it is shown that by increasing the capacitor value, the 

response has been shifting from narrowband-to-wideband. 

The measured switching behavior is also more clearly 

elaborated in Fig. 6. In this way, we can switch the 

antenna behavior between narrowband-to-wideband 

behaviors with straightforward structure and analysis. 

Fig. 5. The transformation from narrowband-to-wideband 

behavior. 

Fig. 6. Parametric analysis between narrowband and 

wideband behavior by varying capacitor. 

C. Continuously tunable band-notched behavior 

antenna 

By shifting both capacitors from the resonator-feed 

line junction to resonator internally, there is no more 

narrowband behavior as all electromagnetic energy will 

be radiated from the patch. Both capacitors have been 

shifted to the resonator internally as shown in Fig. 7. 

Now this resonator will act as a filter resonator and can 

be controlled by using the value of both capacitors. The 

overall response of the antenna will be wideband having 

continuously switchable notched band between WLAN 
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and WiMAX which causes unavoidable interference 

within UWB frequency band. In this way, we have 

achieved three important behaviors from the single 

resonator, which make it advantageous over other 

reported resonators and antennas.  

It can be seen from Fig. 8 that WLAN band-notched 

UWB antenna response is achieved at 0.1pF while 

WiMAX band-notched UWB antenna is developed 

utilizing 0.6pF capacitor. In this way, the response can 

be made continuously switchable between the two 

interfering bands depending upon the application. It is 

due to the reason that the effective resonator length 

corresponds to the fundamental resonance frequency 

of 5.3 GHz. This resonance frequency can be further 

changed by varying the capacitors. 

Fig. 7. Changing the position of capacitors for achieving 

continuously switchable band-notched UWB behavior. 

The measurement of the band-notched UWB antenna 

developed are also carried out at 0.1pF and 0.5pF, and it 

is seen that the notch band is switching continuously. 

Figure 9 shows that there is band notch at 5.1 GHz due 

to the resonance of the resonator. This notched band has 

been made switchable, and at 0.5pF it is shifted towards 

3.5 GHz WiMAX frequency band. The comparison 

between simulated and measured response at 0.5pf is 

shown in Fig. 10. The discrepancy between the simulated 

and measured responses is because of nonperfect cutting 

of the substrate edges while soldering the SMA connector. 

The normalized radiation pattern of wide-band 

UWB antenna at 0.8pf is also shown in Fig. 11. Because 

of placing resonators at the ground plane, consistent 

radiation patterns are obtained for the antenna. The 

antenna worked in UWB mode and the radiation pattern 

display dipole type radiation. The primary purpose the 

radiation pattern is to demonstrate that the antenna 

radiates over the full frequency bandwidth. The peak 

antenna gain (dB) in CST and HFSS for the wide-band 

antenna has been shown in Fig. 12. The gain is very 

stable in the overall frequency band of 3-11 GHz. 
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Fig. 8. Switching of notched-band between WLAN and 

WiMAX frequency band by changing capacitors value. 

Fig. 9. Simulation and measurement of switchable band-

notched UWB antenna at 0.1pF. 

Fig. 10. Simulation and measurement of switchable 

band-notched UWB antenna at 0.8pF. 
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Fig. 11. Radiation patterns of switchable wide-band UWB 

antenna at 0.8pF: (a) 3.4 GHz, (b) 4.8 GHz, (c) 5.9 GHz, 

(d) 8.2 GHz. Red lines (E-plane) and blue lines (H-plane). 
 

 
 

Fig. 12. Peak antenna gain for the wideband antenna in 

dB having capacitor value = 0.8pF. 
 

III. DISCUSSION AND ANALYSIS ON 

SQUARE SEMI COMPLEMENTARY SPLIT 

RING RESONATOR (S-SCSRR) 
The proposed miniaturized resonator is shown in 

Fig. 13 while its dimensions are listed in Table 1. The 

analysis of the resonator and its corresponding start and 

stop frequencies are calculated which validates our 

experimental results. It is proved that the homogeneous 

media with effective permeability (µeff) and effective 

permittivity (ɛeff) can replace the effective medium 

theory of inhomogeneous left-handed media. In such 

case, it should be noted that the wavelength is large 

enough in comparison with the basic scattering element 

dimensions. In such scenario, properties of non-

homogeneous media become equivalent to that of 

homogeneous media. Thus, the condition developed that 

the average cell size must be less than a quarter 

wavelength, l = λg/4, and this condition guarantees that 

the wave will propagate inside a metamaterial media and 

the unit cell will act as a lumped portion of a circuit. 

The µeff and ɛeff can be calculated from the following 

equations [16-19]: 

 12  Kk . (1) 

Where, the sign of   is determined from the condition 

of |G| ≤ 1: 
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Where, 
TLZ  and 

TL

aZ  are the characteristics impedance. 

The former one is in the case of reference transmission 

line while the later one is the transmission line having 

air-filled and n represents the effective refractive index. 

An S-SCSRR can engrave as a square ring in the 

ground plane. It is noteworthy that the proposed S-CSRR 

is not the dual of conventional SRR, which can be 

analyzed using babinet principle. Also, the effective 

length of the LRs is designed at λg/4 at the center 

frequency of the selected band that is 5.5 GHz in our 

analysis. These LRs dramatically reduces the size of  

the resonator as it is inserted in the main transmission 

line and thus we call it miniaturized S-SCSRR. At our 

desired frequency these lines couple magnetically to the 

S-SCSRR and thus create resonance. This resonance is 

advantageously used as narrow-passband in narrowband 

antenna while narrow-stopband in band-notched UWB 

antenna. The overall length of the S-SCSRR is almost 

λg/2 while the turn ratio (coupling coefficient can be 

calculated as 
os

cpw

Z

Z
n

)(
 , where Zos is the slot line 

characteristics impedance, and Z(cpw) is the CPW line 

characteristics impedance. The reflection (S11) and 

transmission coefficient (S21) in the analysis is determined 

by investigating the resonator as two port matched filter 

[20]. It is noteworthy that when capacitors are 0.1pF to 

work as an open circuit, then there is a strong coupling 

between two slots, which generates a narrowband 

response in the center frequency of 5.52 GHz calculated 

from Equation (7). When the capacitors values are 

increased to 0.7pF or 0.8pF, then the resonance frequency 

is dependent on the coupling between CPW and resonator. 

The start, center, and stop frequencies are calculated in 

this case using Equations (6-8), having values of 3.12 GHz, 

5.52 GHz, and 9.23 GHz, respectively. 
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Fig. 13. Structure of the proposed novel miniaturized 

resonator. 
 

The start, stop, and center frequencies of the 

resonator can be calculated using the following 

equations developed from the analysis. It is calculated 

from the analysis that the center frequency of the 

resonator lies at 5.5 GHz and so the resonator is 

responsible in case of narrowband behavior as well as 

band-notching behavior in the last scenario. In this way, 

the center frequency is utilized to develop narrow-band 

behavior as well as band-notched wide-band behavior: 
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IV. MEASUREMENT DISCREPANCIES 
The measurement discrepancies have been analyzed, 

and it is found that it is because of non-perfect cutting of 

the substrate edges while soldering the SMA connector. 

Due to non-perfect cutting, there arises a gap between 

SMA and ground plane that has been highlighted in  

Fig. 14. This measurement discrepancy can be depicted 

from Fig. 9 and Fig. 10 where the measurement has been 

performed for achieving band-notched wideband behavior. 
 

 
 

Fig. 14. Non-perfect cutting of substrate edges while 

soldering connector. 

V. CONCLUSION 
This paper presented continuously switchable 

behavior between narrowband (5.5 GHz WLAN), 

wideband (3-11 GHz UWB), and band-notched UWB 

using a miniaturized novel resonator. Three essential 

behaviors are achieved from the same resonator by 

adequately adjusting two capacitors. The first significant 

behavior produced by the antenna at 0.1pF is WLAN  

(5.5 GHz) operating frequency band. The second behavior 

from the antenna to work between 3-11 GHz UWB 

frequency band is achieved by changing the value of 

both capacitors to 0.8pF. Finally, band-notched UWB 

response is achieved by adjusting the position of the 

capacitor, and this band-notch behavior can also be tuned 

continuously between WLAN and WiMAX frequency 

band. The antenna is designed and fabricated for these 

behaviors and measured. Consistent radiation pattern 

and approximately flat antenna gain are observed because 

of the placement of the resonators in the partial ground 

plane. The antenna is also fabricated, and three different 

behaviors are measured using the proposed antenna for 

validation. 
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