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 In this paper, an analysis of open stub resonator is presented and its 

application in dual isolation band of Single Pole Double Throw 

(SPDT) switch is proposed. A mathematical model and the 

characteristic of the bandstop of the resonator were analyzed and 

discussed. The open stub resonator was implemented using the 

microstrip transmission line and able to switch between bandstop and 

allpass responses. Frequency bands of 2.3 and 3.5 GHz were chosen 

to demonstrate the dual isolation band in the switch design. The 

performance results of the SPDT switch showed that the isolation 

was greater than 30 dB, return loss was greater than 10 dB and 

insertion loss less than 2 dB at the center resonant frequency of 2.3 

and 3.5 GHz. The potential application of the proposed dual isolation 

band of SPDT switch is for multi band RF front-end system such as 

WiMAX, LTE, WiFi and HyperLAN. 
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1. INTRODUCTION 

In general, resonators in RF/microwave can be used in many applications such as antennas [1-3] 

filters [4-5], switches [6-7], amplifier [8], absorber [9] and others. These resonators are generally realized 

using microstrip technology where they can be implemented in different shape and size such as transmission 

line [10], radial [8], ring [3], [9], metamaterial [11] and coupled line [12]. As described in [13], the operation 

of RF/microwave resonators is very similar to that of the lumped-element resonators of circuit theory, 

whereby it can be modelled either as a series or parallel resistor, inductor and capacitor (RLC) resonant 

circuit. On the other hand, by open-circuited at one end of a stub resonator (known as an open stub 

resonator), it resonates at a certain frequency with specific electrical length [13-14]. 

In the last few years, researches on the switchable, tunable and reconfigurable of RF/microwave 

devices are kept increasing due to the demand on the multi band and multi standard in wireless 

communication system (e.g. WiFi, WiMAX, LTE, WiBro, HiperLAN and etc.) [15-20]. The main reason is 

researchers and engineers have to design a RF front-end with less expensive and smaller size than simply 

putting multiple RF/microwave components next to each other. Hence, from literatures, there are several 

techniques and solutions on the switchable, tunable and reconfigurable in RF/microwave devices as reported 

in [19], [21-24].  

Meanwhile, in designing RF switches, there are the demand on the wide-, broad- or multi-band RF 

switches as reported in [25]. Figure 1 shows an example of multi band RF front-end system where Single 



IJECE  ISSN: 2088-8708  

 

Analysis of Open Stub Resonator and its Application in Dual Isolation Band of SPDT .... (M. Y. Algumaei) 

2901 

Pole Double Throw (SPDT) switch is used to support two different frequency bands. Thus, dual band 

isolation is needed to support the multi band RF front-end system. As discussed by the authors in [25], RF 

switch is one of the solution to reduce the size of wide-, broad- or multi-band RF front-end system. The 

integration of multiple wireless systems is required either for different standards (e.g. WiFi and WiMAX) or 

different spectrum allocations at various locations (e.g. different WiMAX spectrums in different countries). 

 

 

 
 

Figure 1. General application of SPDT switch in multi band RF front-end system 

 

 

Therefore, this paper analyzes an open stub resonator and proposes its application for a dual 

isolation band of SPDT switch. In the proposed SPDT circuit, the open stub resonator was implemented 

using the microstrip transmission line and could be switched between bandstop and allpass responses. 

Frequency bands of 2.3 and 3.5 GHz were chosen to demonstrate the dual isolation band in the switch design. 

It could be used in any multi band RF front-end system such as WiMAX, LTE, WiFi and HyperLAN.  

This paper is organized as follows. Section 2 discusses a theory of open stub resonator based on the 

mathematical model and a realization of the resonator using the microstrip transmission line. A switchable 

open stub resonator is described in this section as well. Meanwhile, Section 3 presents the application of the 

open stub stub resonator in dual isolation band of SPDT switch. The circuit configuration and operation are 

described in this section. Then, the results and analyses of the modeled open stub resonator and the 

performance of the proposed SPDT switch are described in Section 4. Finally, the work is concluded in 

Section 5. 

 

 

2. OPEN STUB RESONATOR 

2.1. General Theory of Open Stub Resonator 

Figure 2 is a general diagram of open stub resonator, whereby it was open-circuited at one end of 

the stub resonator and connected in shunt with 50 Ω transmission line. The open stub resonator could be 

realized using transmission line stub. 

 

 

 
 

Figure 2. General diagram of open stub resonator 

 

 

The open stub resonator was mathematically modeled whereby the input impedance of the  

resonator [13] was written as  

 

               
  

       
                                                           (1) 

 

where Zs is characteristic impedance of open stub resonator and θs is electrical length in degree. From (1), the 

ABCD matrix of the open stub resonator was given by  
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Then, the S12 and the S21 of the open stub resonator were obtained by converting the ABCD matrix  

in (2) to S-parameter. Hence, 
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For a simple analysis and discussion of attenuation response of stub resonators, consider a 

normalized characteristic of impedance where Z0=1 and impedance of resonator, Zs=Z0=1. In order to 

produce attenuation or notch response of the open stub resonator, the electrical length was θs=90°  

(or π/2 radian). Hence, the S-parameter of (3) becomes, 
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or in decibel 
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From (5), an ideal infinite attenuation or notch was obtained when the electrical length of the open 

stub resonator was a quarter wave (λ/4). In degree and radian, they were 90° and π/2 radian respectively. 

These attenuation characteristics were used to produce high isolation of SPDT switch. The next sections 

analyze in detail S21 (attenuation or notch response) for the open stub resonator using transmission line. 

 

2.2. Transmission Line as an Open Stub Resonator 

Transmission line is a simple stucture that can be designed as an open stub resonator. It was realized 

by using microstrip line based on FR4 substrate. Therefore, to analyze the attenuation or notch (S21) of 

transmission line stub resonator, the impedance of the resonator, Zs was replaced with mathematical model of 

characteristic impedance of microstrip line [13], hence 
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where    is effective dielectric constant, d = 1.6 mm for FR4 substrate thickness, and W = 2.9 mm for width 

of microstrip line in the range between 2 and 4 GHz. 

Then, (3) was rearranged with (6), and the S21 was given by 
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To calculate the physical length (in meter) of λ/4 length of transmission line stub resonator [13],  
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Therefore, (8) was rearranged and was substituted by   
 

 
 , while the λ/4 length of the transmission 

line stub resonator was determined as 
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)
  meter                                                                 (9) 

 

where c is speed of light and f is resonant frequency. Based on these derivations, they were used to determine 

the suitable length and width of transmission line stub resonator that had been associated with resonant 

frequency and attenuation or notch (S21) of the resonator. 

 

2.3. Switchable Open Stub Resonator 

A PIN diode was connected in between the microstrip line and open stub resonator (in tranmission 

line stub resonator), hence a switchable open stub resonator could be performed by giving a different biasing 

voltage. The resonator that was connected to a microstrip line is illustrated in Figure 3(a). As depicted in 

Figure 3(b), if a positive voltage was applied (+5 V), the PIN diode, D would be in the ON state and the 

transmission line stub resonator would be connected to the microstrip line. In this condition, it operated as a 

bandstop filter due to the quarter wave (λ/4) line of the open stub resonator, converting from an open to short 

circuit to the main microstrip transmission line. If a negative voltage (-5 V) was applied in Figure 3(c), D 

would be in the OFF state and the transmission line stub resonator would be disconnected from the microstrip 

line. In this condition, the transmission line stub resonator responded as an allpass between Port 2 and Port 1. 

 

 

 
                       

       (a)                                                 (b)                                         (c) 

 

Figure 3. Circuit Diagram of Switchable Transmission Line Stub Resonator, (a) Circuit Operation: (b) ON 

State (Bandstop Response) and (c) OFF State (Allpass Response) 

 

 

The actual responses of the switchable resonators without and with PIN diode need to be analyzed 

and discussed. This is important because any switching element such as MEMs and PIN diodes can 

deteriorate circuit’s performances as reported in [1], [26]. It is due to the parasitic reactance (e.g. inductance 

or capacitance) or resistance in the switching elements. If possible, compensation must be carried out in the 

simulation stage on the switchable resonator design. For instance, reducing length of a microstrip resonator is 

one of the techniques used to compensate the parasitic reactance that affects the filter’s performance [26]. 

 

 

3. OPEN STUB RESONATOR IN DUAL ISOLATION BAND OF SPDT SWITCH 

As shown in Figure 4, dual isolation band of SPDT switch with open stub resonators (based on 

microstrip transmission line) was designed in 2.3 GHz and 3.5 GHz. The switchable open stub resonators of 

S1 and S2 were cascaded with series PIN diode of D5 in transmit arm, while the resonators of S3 and S4 were 

cascaded with series PIN diode of D6 in receive arm. The S2 and S3 are resonated at 2.3 GHz while the S1 

and S4 are resonated at 3.5 GHz. In this design, the isolation of the SPDT is depend on these open stub 

resonators due to its attenuation (or notch) performance and also the series PIN diodes.  

Besides, quarter wavelength lines (λ/4) had been used in the circuit of transmit and receive arms 

where they were placed between the resonators and the series PIN diode. The purpose of the λ/4 lines is to 

transform from low impedance of transmission line stub resonator to high impedance in the microstrip line. 

So, this would prevent any RF leakage between transmit (Port 1) and receive (Port 3) arms where it is 

measured as isolation, S31. 
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Figure 4. Circuit Diagram of the Proposed Dual Isolation Band of SPDT switch with Switchable Open Stub 

Resonators 

 

 

Figure 5 shows the circuit operation of the proposed dual isolation band of SPDT switch. Due to the 

symmetrically construction of the SPDT circuit, for the circuit operation, the transmit mode is only discussed 

in this paper. Hence, in transmit mode, PIN diodes of D1 and D2 were in OFF state with voltage control of 

+5 V, while PIN diodes of D3 and D4 were in ON state with voltage control of -5 V. For the series PIN 

diodes, the D5 was in ON state while the D6 was in OFF state. In this case, both S1 and S2 created an allpass 

response and the D5 was in short circuited. Thus, RF signals propagated from transmit (Port 1) to antenna 

(Port 2) with low insertion loss. On the other hand, the switchable open stub resonators of S3 and S4 in the 

receive arm performed as a bandstop filter and the D6 was in open circuited. As consequent, these conditions 

created high isolation at 2.3 and 3.5 GHz in the SPDT switch between transmit and receive ports.  

 

 

 
 

Figure 5. Circuit Diagram of Dual Isolation Band of SPDT switch with Switchable Open Stub Resonators 

 

 

Table 1 presents a summary of the circuit operation during receive and transmit modes of the 

proposed SPDT switch. Meanwhile, the design of the dual isolation band of SPDT switch circuit in Figure 5, 

was constructed in Advanced Design System (ADS) software for S-parameter performance simulation and 

layout design. To build up the circuit, microstrip model in ADS was used by considering the FR4 substrate 

parameters such as board thickness=1.6 mm and relative dielectric constant, εr=4.7.  

 

 

Table 1. Summary of Circuit Operation of the Proposed SPDT switch with Switchable Open Stub Resonators 
 Transmit Mode Receive  Mode 

Vbias1 +5 Volt -5 Volt 

Vbias2 -5 Volt +5 Volt 

Series PIN diode (D5) ON state OFF state 

Series PIN diode (D6) OFF state ON state 

Shunt PIN diodes (D1 & D2) OFF state ON state 

Shunt PIN diodes (D3 & D4) ON state OFF state 

Open Stub Resonators (S1 & S2) Allpass response Bandstop response 

Open Stub Resonators (S3 & S4) Bandstop response Allpass response 

 

 

The parasitic elements of PIN diodes such as junction capacitance, Cj and series inductance, Ls were 

considered in the resonator design and through the entire simulation processes. Hence, the final dimensions 



IJECE  ISSN: 2088-8708  

 

Analysis of Open Stub Resonator and its Application in Dual Isolation Band of SPDT .... (M. Y. Algumaei) 

2905 

of the open stub resonators were W1=5 mm and l1=11.3 mm at 2.3 GHz band and W2=2.9 mm and  

l2=7.15 mm at 3.5 GHz band. The final layout of the proposed SPDT switch with switchable open stub 

resonators is illustrated in Figure 6. 

 

 

 
 

Figure 6. Layout of the Proposed SPDT switch with Switchable Open Stub Resonators 

 

 

4. RESULTS AND DISCUSSIONS 

4.1. Open Stub Resonator 

Figure 7 shows the characteristics of open stub resonator based on microstrip transmission line for 

impedance versus width (Figure 7(a)), and attenuation pole versus width (Figure 7(b)). The graph in  

Figure 7(a) was calculated using (6), while the graph in Figure 7(b) was calculated using (7). The calculated 

values were based on the different values of width of transmission line stub selected from 1 to 10 mm. The 

calculated transmission line stub impedance, Zs, and attenuation pole were based on FR4 substrate with 

thickness of 1.6 mm and dielectric constant,    of 4.7. 

It was observed that the graph in Figure 7(a) shows a negative exponential curve, whereby the 

impedance of transmission line stub resonator was varied by changing the width of the resonator, W. Then, 

the graph in Figure7(b) shows the different values of attenuation pole of transmission line stub resonator for 

different widths simply due to the varying values of impedance, Zs (also a function of W). These attenuation 

characteristics were used to produce dual isolation band in SPDT switch design. 

 

 

 

 
                                                     

         (a)                                                                          (b) 

 

Figure 7. Characteristics of Transmission Line Stub Resonator for (a) Impedance Versus Width, and  

(b) Attenuation Pole Versus Width 

 

 

Since the bandstop response of the switchable open stub resonator was operated during the ON state 

of the PIN diode, Figures 8(a) and (b) show a deterioration of the simulated bandstop response when the PIN 

diode (BAP64-02 model) had been incorporated with the transmission line stub resonator (MLIN model) in 

the ADS software. The original transmission line stub resonator without PIN diode was designed according 

to the mathematical analysis in Figure 7 and (9). Thus, the selected values of the width and length of the stub 

resonator were W=2.9 mm and l=11.3 mm (resonated at 3.5 GHz). 

Impedance vs. Width Attenuation vs. Width 
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As a comparison between open stub resonator without and with PIN diode, there was a frequency 

shift when the transmission line stub resonator had been attached with a PIN diode. As shown in Figure 9(a) 

it shifted from 3.5 GHz to 2.86 GHz, where there was 18.3 % of frequency shift from 3.5 GHz. The 

frequency shift was due to the changes of reactance of the original transmission line stub resonator by the 

parasitic inductance of the PIN diode (ON state). It increased the total inductance in the circuit, hence the 

resonant frequency shifted to the lower frequencies. Besides, it was found that the attenuation had also 

dropped from 31.5 dB to 23.8 dB, giving 24.4 % of attenuation reduction from 31.5 dB attenuation. The 

attenuation reduction was due to the inductance, Li and resistance, Rf of the PIN diodes. Figure 8(b) shows a 

change of return loss response between transmission line stub resonator with and without PIN diode. 

 

 

 

 
                                                   

            (a)                                                                              (b) 

 

Figure 8. Bandstop Response of Transmission Line Stub Resonator with and without PIN Diode;  

(a) S21 and (b) S11 

 

 

Figure 9 generally shows a frequency responses between bandstop and allpass of the switchable 

transmission line stub resonator. Comparison was made between without and with PIN diode (after 

optimization). The S21 graph was plotted from 1 to 6 GHz. Figures 9(a) is the bandstop response while 

Figures 9(b) is the allpass response. As a solution to the shift of resonant frequency, the length of the original 

transmission line stub resonator had to be readjusted in order to compensate the frequency shift due to the 

parasitic inductance of PIN diode (ON state). By reducing the stub resonator length to 8.65 mm, the resonant 

frequency had shifted back to 3.5 GHz. It was 23 % of length reduction from the original length, 11.3 mm. 

Besides, the simulated attenuation was 23.6 dB, which was 7.9 dB lower than the attenuation of the original 

stub resonator, 31.5 dB. 

 

 

            
                                              

      (a)                                                                                 (b) 

 

Figure 9. Frequency Responses of Switchable Transmission Line Stub Resonator (After Optimization), 

Bandstop Response (a) S21 and (b) S11, Allpass Response (c) S21 and (d) S11 

S21 vs. Frequency S11 vs. Frequency 

S21 vs. Frequency (Bandstop Response) S21 vs. Frequency (Allpass Response) 
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4.2. Dual Isolation Band of SPDT Switch 

Figures 10 shows the performance results of the proposed SPDT switch in 2.3 GHz and 3.5 GHz 

bands. As shown in Figures 10(a), for both operation frequencies (2.3 GHz and 3.5 GHz), the isolation 

performance, S31 of the SPDT switch was more than 30 dB. It shows that at 2.3 GHz (m1), the simulated 

isolation was 46.78 dB while at 3.5 GHz (m2), the simulated isolation was 44.74 dB. It can be noted that, the 

high isolation was due to the combination of the bandstop (attenuation or notch) response of the open stub 

resonator and the open circuited of the series PIN diode. 

Meanwhile, Figure 7(b) shows the simulated result of return loss, S11 in 2.3 GHz and 3.5 GHz 

band, where at 2.3 GHz (m3), the return loss was 20.83 dB and at 3.5 GHz (m4) the return loss was 15.16 

dB. Figure 7(c) shows the simulated insertion loss, S21 where at 2.3 GHz (m5), the S21 was 0.359 dB and at 

3.5 GHz (m6), the S21 was 0.623 dB. Hence, it can be concluded that the return loss and insertion loss are 

very good performance where the return loss must be less than 10 dB and the insertion loss normaly must be 

less than 2 dB. 

The performance of the proposed SPDT switch is summarized in Table 2. It summarizes the 

performance in terms of isolation, return loss and insertion loss at 2.3 and 3.5 GHz.  

 

       
 

                                            (a)                                                                                  (b) 

 

 
                                                                           

                                                                                         (c) 

 

Figure 10. Performance Result of the Proposed SPDT switch with Open Stub Resonators, (a) Dual Isolation 

Band, S31, (b) Return Loss, S11 and (c) Insertion Loss, S21 

 

 

Table 2. Performance Summary of Dual Isolation Band of SPDT switch in 2.3 GHz and 3.5 GHz Bands 

Frequency Band Isolation Return Loss Insertion Loss 

2.3 GHz 46.78 dB 20.83 dB 0.359 dB 

3.5 GHz 44.74 dB 15.16 dB 0.623 dB 
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Table 3 lists the SPDT switch designs from other researchers that are the most related to this 

research work. The isolation performance comparison is made on the same frequency spectrum in 2.5 and 3.5 

GHz bands. It showed that the proposed SPDT switch in this paper is the best in term of high isolation 

performance with dual isolation band. 

 

 

Table 3. Comparison of Isolation Performance of SPDT switches from other Researchers 

 Application 
Design 

Approach 

Material/ 

Package 
Isolation Technique 

Isolation 

at 2.3 GHz 

Isolation 

at 3.5 GHz 

This 

work 

Wireless 
Communication 

System 

Dual Band 

SPDT 

Discrete PIN 

diode 

Switchable open stub 

resonator 
46.78 dB 44.74 dB 

[10] 
WiMAX/ 

LTE 
Single Band 

SPDT 
Discrete PIN 

diode 
Switchable open stub 

resonator 
N.A. 37 dB 

[27] WiBro SPST 
Discrete PIN 

diode 

Switchable dual mode ring 

resonator 
43.3 dB N.A. 

[28] WiMAX SPDT MMIC FET: pHEMT Series-Shunt FET N.A. 28 dB 

[29] Radar SPDT 
Discrete PIN 

diode 

Series PIN diode with 

compensation 

parasitic capacitance 

N.A. 19 dB 

[30] 
General 

Application 
SPST 

Discrete PIN 

diode 
Switchable resonator N.A. 35 dB 

 

 

5. CONCLUSION  

The theory of open stub resonator based on the mathematical model and the realization of the 

resonator using the microstrip transmission line has been discussed. Analytical results showed that the 

different values of attenuation pole of transmission line stub resonator for different widths were simply due to 

the varying values of impedance, Zs of the resonator. By cooperating a commercialized PIN diode in the 

switchable open stub resonator, it was found that the PIN diode shifted the resonant frequency of the 

resonator to the lower frequency and also degraded the attenuation level of the bandstop response of the 

resonator. The open stub stub resonator was implemented in the dual isolation band of SPDT switch circuit 

where two different open stub resonators were resonated at 2.3 and 3.5 GHz and can be switched between 

bandstop and allpass responses. The performance results of the proposed SPDT switch showed that the 

isolation was greater than 30 dB, return loss was greater than 10 dB and insertion loss less than 2 dB at the 

center resonant frequency of 2.3 and 3.5 GHz. The potential application of the proposed SPDT switch is for 

multi band RF front-end system such as WiMAX, LTE, WiFi and HyperLAN. 
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