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Abstract—This paper presents the simulation analysis on the 

potential application of matched bandstop to bandpass filter in 

filter integrated switch (FIS) design. The FIS consists of 

matched band-stop to bandpass filter integrated with single-

pole-double-throw (SPDT) switch. The proposed design was 

demonstrated for 2.45 GHz applications in wireless data 

communication systems such as Bluetooth and Zigbee. The 

filter was based on L-shape lossy resonator, which can provide 

an absorptive feature. PIN diodes were used as switching 

elements for the SPDT switch and to reconfigure between 

band-stop and bandpass responses. Therefore, the key 

advantages of the proposed design are high isolation and good 

return loss at both ON- and OFF-state ports. As a result, the 

simulation showed the followings: higher than 10 dB of return 

loss and greater than 25 dB of isolation at the operation 

frequency.  

 

Index Terms—Filter Integrated Switch; Single Pole Double 

Throw; Bandstop to Bandpass; Switchable Filter. 

 

I. INTRODUCTION 

 

Integrating multiple devices into one is an effective method 

to reduce circuit size, mismatching loss, and fabrication 

cost. Radiofrequency (RF) and microwave device with 

integrated-filter have become a popular design concept in 

the recent years, i.e., amplifier integrated with RF switch 

[1], integrated-filter antenna [2], and power amplifier 

integrated with modulator [3].  

Filter-integrated switch, as depicted in Figure 1 is another 

multifunction device. Since 2006, many efforts have been 

done to develop filter-integrated SPDT switch [4]–[15], 

SPST switch [16]–[18] or DPDT switch [19]. In order to 

realise filter-integrated switches (FISs), several techniques 

have been proposed, i.e., FET loaded quarter-wave length 

bandpass filter [16], PIN diode loaded stepped-impedance 

resonators [7], quarter-wavelength [13], quasi-lumped 

element [14], inductor parallel to the PIN diode [11], PIN 

diode connected to half-wavelength hairpin resonator [19], 

and PIN diode with coupled microstrip line [4], [6].  

However, all of the previously mentioned FISs, suffer 

from different issues. Many of them were proposed in 

MMIC circuits [5], [8]–[10], [12], [15], [17], [18]. While 

MMICs allow for most compact designs, conventional 

planar circuits exhibit a greater flexibility at lower cost. 

Additionally, the proposed design in [16] mainly focused on 

designing the performance around the passbands, which 

means that only the on-state filter response and off-state 

isolation in the vicinity of the centre frequency were 

considered. The reported filter-integrated switches suffer 

from the high insertion loss [7] and large size [6], [7] due to 

the need for high-order bandpass filters (BPFs) and long 

electrical length of a quarter-wavelength transmission line, 

respectively.  

Unfortunately, most of these studies [5]–[12], [14]–[19] 

have a problem of extremely low return loss at the ports that 

are not switched to the antenna, called as OFF-state ports. 

The low return loss is caused by a reflection of an incoming 

signal back to the source. This problem needs to be solved 

as there may be some applications that require good Voltage 

Standing Wave Ratio (VSWR) for all operating ports. As 

the solution for this problem, an absorptive feature in filter 

integrated switches was introduced in [13], but required 

additional switch elements and 50 Ω resistors. 

 

Therefore, this paper presents the potential application of 

switchable matched band-stop to bandpass filter based on L-

shape lossy resonator [20] in filter-integrated SPDT switch 

design. The performance of the proposed design was based 

on the simulation analysis such as insertion loss, return loss 

and isolation. 

Based on literatures, [21] reported the overview of 

matched band-stop filters and the L-shape lossy resonator 

was used in matched bandstop filter design [22] and 

absorptive SPDT switch [23]–[24]. Thus, the use of L-shape 

lossy resonator can provide an absorptive feature for the 

 
Figure 1: Conventional (a) filter and switch, (b) integrated filter and 

switch [4]. 
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filter-integrated SPDT switch without the need for 

additional elements if compared with [13]. In addition, the 

proposed integrated SPDT switch with switchable matched 

band-stop to bandpass filter results in many benefits such as 

eliminating out-of-band signals and filtering out the spurious 

signal. Also, the integrating of switchable matched band-

stop to bandpass filter with SPDT switch will result in a 

system miniaturisation and reduction of insertion loss. 

 

II. THEORY AND METHODOLOGY 

 

A. Matched Band-stop Filter 

Chang and Hsieh reported in 2004 that planar 

technologies such as micro-strip technology suffers from 

low-Q factor compared to the non-planar technologies, such 

as coaxial and rectangular. This makes it difficult for a lossy 

resonator having a low-Q factor to achieve high notch depth 

and selectivity of band-stop filters. However, in [25], a 

perfectly infinite stopband attenuation of the matched band-

stop was shown, where high notch depth and selectivity can 

be achieved by using two lossy low-Q resonators in micro-

strip technology. This idea was taken from [26] that built 

upon the perfectly-notch concept, where it consists two 

identical lossy resonators connected to the 90° hybrid 

coupler or directional coupler, as shown in Figure 2. This 

technique enables the use of two low-Q lossy resonators for 

high attenuation of band-stop filter applications. Therefore, 

its advantages are producing higher stopband attenuation 

and being perfectly matched in both the passband and 

stopband.   

 

 

Figure 2: Hybrid circuit implementation of a perfectly-matched notch filter 
[22] 

Referring to [22], a symmetrical two-port network is 

defined by even-mode Ye and odd-mode Yo admittances. 

The S-parameters are given by:   

 

𝑆11 = 𝑆22 =
1 − 𝑌𝑒 𝑌𝑜

(𝑌𝑜 + 1) (𝑌𝑒 + 1)
 

 

𝑆12 = 𝑆21 =
𝑌𝑜 − 𝑌𝑒

(𝑌𝑜 + 1) (𝑌𝑒 + 1)
 

 

Then, if 𝑌𝑜=1/𝑌𝑒 for all frequencies, then |𝑆11|=0 for all 

frequencies, and the network possesses the all-pass property. 

If 𝑌𝑜=𝑌𝑒 at a certain frequency, then |𝑆12|=0, and the 

network produces infinite attenuation at that frequency. 

Figure 3 shows the generalised coupled-resonator model of 

a matched notch filter. The model has a symmetrical of the 

two-port network, which consists of two identical resonators 

coupled to each other and produces match band-stop 

response.  

 

 
Figure 3: Generalized coupled-resonator model of a matched notch filter 

[22]  

 

B. Filter-Integrated SPDT Switch  

Figure 4 shows the diagram of the proposed absorptive 

filter-integrated SPDT switch. For illustration, four 

resonators (S1, S2, S3, & S4) were used to obtain filter and 

switch performance for 2.45 GHz applications. The 

resonators of S1 and S4 were coupled line L-resonators 

assigned to act like bandpass and band-stop filter at 2.45 

GHz, while the resonators of S2 and S3 were transmission 

line stub resonators being used to achieve higher isolation 

performance.  In general, the circuit was designed in order 

to switch between different modes, transmitter (Tx) and 

receiver (Rx) modes and to filter the transmitted or received 

signals. To do so, shunt and series PIN diodes (D1 to D8) 

were used. Several biasing circuits (Vbias 1 - Vbias 4) were 

utilized to control the PIN diodes. To obtain a high-pass 

response, 10 pF was chosen as the value of the DC block 

(C). On the other hand, to block RF signals at 2.45 GHz, the 

chosen value of the RF choke (L) was 10 nH 

In this part, the FIS circuit operation during transmitter 

(Tx) mode will be discussed due to the symmetrically 

structure of the FIS circuit. Thus, as illustrated in Figure 4, 

the RF signals propagated from the transmitter (Tx) to the 

Antenna during transmitter (Tx) mode operation. In this 

case, series PIN diode D4 was turned ON, while shunt PIN 

diodes (D1, D2, & D3) in the transmitter (Tx) arm were 

turned OFF with voltage control (-5 V). Hence, the coupled 

line L-resonator S1 acted as bandpass filter. Subsequently, 

the transmission line open stub resonator S2 created the all-

pass response. In contrast, series PIN diode D5 was turned 

OFF, while shunt PIN diodes in the receiver (Rx) arm (D6, 

D7, & D8) were turned ON with voltage control (+5 V). 

Therefore, the coupled line L-resonator S4 and transmission 

line open stub resonator S3 acted like the band-stop filter.  

To illustrate this operation, the created band-stop 

response in the receiver (Rx) arm was responsible for the 

isolation between the transmitter (Tx) and receiver (Rx), and 

the created bandpass response in (Tx) was 

 

 

Port 2 Port 1 
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Figure 4: Circuit diagram of an absorptive filter integrated SPDT switch 

 

responsible for filtering the signals. Table I presents the 

summary of the process in the receiver (Rx) and transmitter 

(Tx) modes of the proposed absorptive filter integrated 

SPDT switch at 2.45 GHz. 

 

III. SIMULATION RESULT OF FILTER-INTEGRATED SPDT 

SWITCH 

 

Figure 5 illustrates the layout of the proposed absorptive 

filter-integrated SPDT switch for 2.45 GHz applications. 

The total layout area of the proposed design was 99.8 mm x 

48.5 mm.  

 

 

Figure 5: The layout of the absorptive filter-integrated SPDT switch 

Figure 6 presents the simulation results of the proposed 

absorptive filter-integrated SPDT switch. The simulated 

results were as follows; insertion loss, return loss, and 

isolation.  

It can be clearly seen that the isolation performance (S12) 

of the design achieved more than 50 dB at the operation 

frequency (2.45 GHz), as indicated in Figure 6(a). 

Furthermore, it was found that isolation performance greater 

than 30 dB was obtained with four discrete PIN diodes in 

the transmitter and receiver arm. By having isolation higher 

than 30 dB, the proposed design can isolate more than 1 

Watt of power leakage in the RF front-end system. 

From Figure 6(b), it can be seen that the simulated return 

loss (S11) was higher than 10 dB at 2.45 GHz. The 

absorptive feature of the filter-integrated SPDT switch can 

be seen at Port 2 during transmission mode operation. The 

simulated return loss (S22) was higher than 16 dB at 2.45 

GHz, as indicated in Figure 6(c). Figure 6(d) shows that the 

simulated result of the insertion loss S13 was 6 dB. 

Actually, the result of the insertion loss was not the desired 

result as it was very high. However, this problem could be 

solved in future work. 

 
Table  1 

Summarization of the process in receiver and transmitter modes of 

absorptive filter integrated SPDT switch using coupled line L-resonator for 
2.45 GHz applications 

 

 Receiver 

Mode 

Transmitter 

Mode 

Vbias1 & 2 +5 Volt -5 Volt 

Vbias3 & 4 -5 Volt +5 Volt 

Series PIN 
diode (D4) 

OFF state ON state 

Series PIN 

diode (D5) 

ON state OFF state 

Transmission 

Line Stub 

Resonator 
(S2) 

Bandstop 

response 

Allpass 

response 

Transmission 

Line Stub 
Resonator 

(S3) 

Allpass 

response 

Bandstop 

response 

Coupled Line 
L-Resonator 

(S1) 

Bandstop 
response 

Bandpass 
response 

Coupled Line 
L-Resonator 

(S4) 

Bandpass 
response 

Bandstop 
response 
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o
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) 

 

 
Frequency 
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D2 

D3 

D4 D5 

D7 

D6 

D8 

C 

L 

Port 1:  

Tx 

Port 3:  

Antenna  

 Port 2:  

Rx  

Coupled line L-resonator, S1 Coupled line L-resonator, S4 

S2 S3 

Transmission line stub 

resonators 

Vbias1 

Vbias2 

Vbias3 

Vbias4 
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Figure 7: Simulation results of absorptive filter integrated SPDT switch, (a) 

isolation (S12) (b) return loss (S11) (c) return loss (S22) (d) insertion loss (S13) 

 
IV. CONCLUSION 

 
The proposed absorptive filter-integrated SPDT switch 

with switchable coupled line L-resonators was designed to 

analyse 2.45 GHz applications. The theory of matched band-

stop filter has been discussed, and it was applied in filter-

integrated SPDT switch design. The switchable coupled line 

L-resonators could be reconfigured between band-stop and 

bandpass filter responses. The proposed design was 

successfully simulated in the Advanced Design System 

(ADS) software. As a result, the design showed more than 

30 dB isolations, greater than 10 dB return loss at the used 

and unused ports. The proposed design has an absorptive 

feature, which is an effective feature for applications that 

require good VSWR for all operating ports. Thus, the 

switchable matched bandstop to bandpass filter has the 

potential to be used in filter-integrated SPDT switch design. 
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