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 A switchable filter can be designed and fabricated with the desired range and 
parameters, materials say quartz substrate for RF MEMS based applications. 
The mathematical modeling of the resonators using the desired 
characteristics of the capacitive coupled filters can be implemented with low 
insertion loss. In order to design this filter, one can employ a PIN diode 
along with a semi-lumped resonator. This PIN diode has been used so as it 
performs the function of electronic switching i.e. the activating and 
deactivating the filter circuit action without any compromise in the overall 
performance of the circuit. These filters circuit are designed and 
implemented in a way so that it can accommodate the external quality factor 
in order to ensure a good impedance match at each band of operation. The 
most dominant parameters and characteristics of the second order switchable 
filter realization. In this work, the author has put an effort to discuss the most 
desired parameters of the various switchable filters. In these filter circuits, 
CMOS devices has been used to design because of their well accepted 
features i.e. low power loss and requirement of low input signal for operation 
in addition to other ones. The performance of the proposed CMOS based 
switchable filters has been discussed with its simulated results that have been 
carried out by using pSpice software with 0.18 micron technology. The 
insertion loss of this circuit is with the acceptable limits i.e. 2.9 dB and a 
tenability within two desired frequencies. 
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1. INTRODUCTION 

A PIN diode plays a dominant role in the functioning o f the RF systems that use the time division 
duplexing (TDD). In this system, the switching element employed has poor selectivity of the frequency 
within the specified band of the signals. This purpose can be obtained with the cascading of a band pass filter 
in addition to the switching module. But with this methodology, the overall loss and the size of the filter 
circuit thereby increases. This limitation of the system can be easily avoided simply by using switching 
element with a bandpass filter so as to integrate the two components. Thus, with this arrangement the 
resulting switchable filter will have the desirable switching characteristics of the switching element as well as 
the high selectivity of the bandpass filter. This approach leads to a more compact design with lower losses 
[1]-[5]. The tunable filters are the most essential components for reconfigurable front-ends since they allow 
the use of a single component as opposed to a switched-filter bank, thereby reducing the system size and 
complexity. However, since they are placed between the antenna and low-noise amplifier, they must exhibit 
very low loss and high linearity, especially in today’s crowded RF environments. The major challenge of 
multi-mode RF circuits lies in the integration of RF chips and the passive components with different 
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frequency bands, which correspond to different operating modes. Conventional multi-mode RF circuits that 
duplicate the front-end components for each frequency band have band-separated transmitter and receiver 
interfaces. Recently, the architectures that integrate the RF transceiver of various frequency bands have been 
studied to optimize the size and power consumption of RF chips [2]-[10].  

However, with regard to the distortion problem in the RF back-end circuit of the concurrent 
transceiver, the switchable bandpass filter is more promising solution. Bandpass filters with controllable 
center frequency have been investigated extensively. The filter bank structure includes fixed filters of which 
each has its own center frequency, as well as switching networks at both input and output terminals for band 
selection. Continuously tuned filters, which have highly integrated structure, facilitate the use of variable 
capacitors, such as MEMS devices, varactor diodes or ferroelectric material, for tuning center frequencies. 
Explicit design procedures for tunable filter composed of varactor diode and transmission line have been 
presented in [11]-[15]. Moreover, switchable filter involving a resonator with the PIN diodes has been 
proposed to select between the bands of two specified frequencies. The recent wireless communication 
systems require a wide bandwidth for a high data rate i.e. an ultra-wideband (UWB) technology is very 
promising for future communication and radar systems. This new technology has stimulated significant 
effects in the R&D based applications. However, the frequency, as a resource, is valuable and limited, so the 
frequency spectrum is always crowded for several purposes, which means it is full of unwanted signals when 
a specific operation is concerned. Nevertheless, for future cognitive radio, tunable microwave filters become 
more critical. Therefore, it is more desirable to electronically switch on/off a notch in an UWB BPF. For this 
purpose, a UWB bias network has been used for the effectively performance of the system. The bandpass 
filters (BPFs) are the most important components of a RF and the microwave systems based applications. 
This system provides a small insertion loss within the pass band and large attenuation in the stop band. 
Recently, dual-band BPFs have drawn a lot of attention in multi-frequency applications. This method is very 
effective; nevertheless, it is not the most suitable for applications using distributed resonators on a low 
dielectric constant substrate because the two distributed BPFs will occupy a large circuit area. Stepped 
impedance resonators have been found to be good candidates for dual-band BPFs. By controlling the 
dimensions of a stepped-impedance resonator, one can control the frequency ratio of the first two resonant 
modes. It has been found that the two switchable dual-band BPFs are the most desired approach in the design 
and implementation of the switchable filters. Most important feature of the BPFs is that they do not require 
additional dual-band impedance transformers. Furthermore, in order to meet the more stringent specifications 
of modern multifunction systems, research interest in reconfigurable BPFs has increased recently [16]-[19].  

 
 

 
 

Figure 1. Filter Circuit of switchable filter with PIN diode as a switching device [20] 
 
 

This methodology of the adaptive capability filter circuit has also find enormous application in the 
health monitoring domain, which uses a low-power radio-frequency (RF) transmitter technology. It is 
expected that this technique may gain more popularity in the field of homecare because of its great potential 
as a low-cost medical service offering high patient safety. Rapid economic and industrial development results 
in increased intensity in daily life, which has negative effects on people, including nervousness, anxiety, and 
disturbance. These emotions, along with changes in lifestyle, have made chronic cardiovascular diseases the 
leading adult illnesses in place of infectious diseases. The ergonomics industry has recently invested in the 
development of information technology engineering to improve patient safety, enhance nursing efficiency, 
and decrease healthcare expenses. The Figure 1 shows the schematic arrangement of the switchable filter 
with the PIN device that has been used as the main switching device. The body sensor network (BSN) 
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technology has the capability to transfer the task of healthcare monitoring from the clinic to the healthcare 
center for long-term attention. According to the BSN, home telecare monitoring allows patients to examine 
themselves using bio-signal acquisition nodes (BANs). In this system, the user can collect the bio-signal on a 
bio-information node (BIN) and subsequently submit personal data to the healthcare center through the local 
sensor network. This system can also be employed in the intelligent healthcare systems that can found 
enormous applications in the monitoring of cardiovascular (CV) disease through wireless communication. 
The basic requirement of this system for the long-term and portable monitoring modules, is the low power, 
portability, miniaturization, etc should be met. Therefore, a system-on-a-chip (SOC) with very large-scale 
integration technology should be employed in the circuit implementation [21]-[25].  
 
 
 

 
 

Figure 2. RF MEMS Based Switchable Low Pass Filter [26] 
 
 

The above Figure 2 shows the basic schematic arrangement of the switchable RF MEMS based low 
pass filter. This system is basically constitutes of a Wilkinson power divider at the input section of the system 
which simply splits the power equally into two proportions. Then this signal is made to travel through the RF 
MEMS switch and transition before interacting the output modules. Finally, the output of this circuit is 
applied to the micro strip section of the system which operates within the desired range of the frequencies (in 
GHz range). In this system, the filter response is made switchable between two frequencies simply by using 
the CPW based RF MEMS switch [27]-[30].  
 
 
2. BASIC OF SWITCHABLE FILTERS 

In order to validate the design concept and the operation of the dual-band two-pole BPF with a 
stepped-impedance resonator has been discussed. The value of the external Q can be calculated with the help 
of the below equation [31]  

 

 ܳ ൌ
ோಽఠబ
ଶ

డ஻

డఠ
|߱଴          (1) 

 
Where B is the total susceptance seen at the tap point looking into the resonator, v0 is the angular 

frequency and RL is the load impedance at the tap point seen by the resonator (RL should be 50 Vin so as to 
eliminate the additional impedance transformer). The Figure 3 shows the schematic arrangement of the 
inverted-coupled BPF which is quite commonly used in the design of the high performance adaptive filters 
[32]-[35]. 

 

 
 

Figure 3. Inverter-coupled bandpass filter prototype [36] 
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Where, 
 

 ்ܼ ൌ ݆ܼ஻ ቂ
௓ಲ௧௔௡ሺఏಲሻା௓ಳ௧௔௡ሺఏಳሻ

௓ಳି௓ಲ௧௔௡ሺఏಲሻ௧௔௡ሺఏಳሻ
ቃ       (3) 

 
And,  
 

 ܼ஼ ൌ
௓೐ା௓బ
ଶ

         (4) 

 
In order to achieve a compact size, the two sections of the circuit are of the same electrical length. 

The characteristic impedance of the narrow line is Z2, and the characteristic impedance of the wide line is Z3. 
The dimensions of the resonator control the frequency ratio of the first two passband frequencies. For a 
frequency ratio of 2.4, the impedance ratio (Z2 /Z3) is 1.64. Based on the mathematical equations, one can 
derive the equation for external [37]-[40] Q i.e. 
 

 ܳ ൌ
ଶହ

௓మ

஺ା஻ା஼ା஽

௓మሺ௓య௖௢௧ఏయି௓మ௧௔௡ఏమሻమ
       (5) 

 
Where the parameters A, B, C and D can be defined as below: 
 

ܣ  ൌ ܼଷ൫ሺߠଶ ൅ ଶߠଶሺܿ݁ݏଷߠݐ݋ସሻܿߠ ൅ ସሻߠ െ ଶߠሺ݊ܽݐଷߠ ൅  ଷ൯ߠଶܿ݁ݏ݋ସሻܿߠ
ൈ ൫ܼଷܿߠݐ݋ଷ െ ܼଶ݊ܽݐሺߠଶ ൅  ସሻ൯        (6)ߠ
 
ܤ  ൌ ܼଷ൫ሺߠଶ െ ଶߠଶሺܿ݁ݏଷߠݐ݋ସሻܿߠ െ ସሻߠ െ ଶߠሺ݊ܽݐଷߠ െ  ଷ൯ߠଶܿ݁ݏ݋ସሻܿߠ
ൈ ൫ܼଷܿߠݐ݋ଷ െ ܼଶ݊ܽݐሺߠଶ െ  ସሻ൯        (7)ߠ
 
ܥ  ൌ ൫ܼଶ ൅ ܼଷܿߠݐ݋ଷ݊ܽݐሺߠଶ ൅ ସሻ൯ߠ ൈ ൫ܼଷߠଷܿܿ݁ݏ݋ଶߠଷ െ ܼଶሺߠଶ ൅ ଶߠଶሺܿ݁ݏସሻߠ ൅  ସሻ൯ (8)ߠ
 
ܦ  ൌ ൫ܼଶ ൅ ܼଷܿߠݐ݋ଷ݊ܽݐሺߠଶ െ ସሻ൯ߠ ൈ ൫ܼଷߠଷܿܿ݁ݏ݋ଶߠଷ െ ܼଶሺߠଶ െ ଶߠଶሺܿ݁ݏସሻߠ െ  ସሻ൯ (9)ߠ

 
The circuits of the various filters can be designed as per the requirement of the signal processing 

applications which involves the selection of the appropriate values of the dominant parameters so as to set the 
frequency of the resonating circuits. These dominant parameters of these circuits are C0, L0, K01, K12, etc. 
which are explained properly with the help of the below mathematical behaviors of the system. This 
designing approach is based on the mathematical modeling of the dominant parameters of the system [41]-
[45]. 
 

଴ܥ  ൌ
ఠమ
మିఠభ

మ
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ଵ
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Where, 
 

 ܼሺ߱ሻ ൌ
௝௓೎

మ௖௢௦௘௖మሺఏ೎ሻ
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 ܼ௦௢௨௥௖௘ ൌ 50 ൅ ܼ௦௘௥௜௘௦        (15) 
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The calculated behavior of the K01 parameter can be easily realized simply by adjusting the values 
of the impedance of the coupled line of the circuit [46].  
 

 
 

 

Figure 4. Schematic diagram of two-pole dual-band 
BPF 

Figure 5. Schematic diagram of the first switchable   
dualband BPF 

 
 

The Figure 4 shows the schematic diagram of the switchable dual-band BPF using the stepped 
impedance resonators as the active devices. In this circuit, there are two PIN diodes which are used to 
connect/disconnect the open-circuited stub and the short-circuited stub. The parasitic inductance is 0.7 nH. 
The diode also has a low capacitance of 0.15 pF and a resistance of 3.5V at 1 mA and 100 MHz. To switch 
ON the diodes, the external dc voltage is 3 V, and the current is 1 mA. The dc-blocking capacitance is 680 
pF. The resistors of 500 and 1000 ohms are used for biasing and to provide sufficient dc-RF isolation. The 
above Figure 5 shows the schematic diagram of the second BPF. It is a four-pole dual-band BPF, where four 
stepped-impedance resonators are employed [47].  

 

 
 

 

Figure 6. Simulated S-parameters of the switchable filter in (a) ON state (b) OFF state [48] 
 
 

The distortion performance of the switchable filters has been discussed and the performance was 
evaluated in the ON state of the active device using the digital signal at the specified rate. The measured 
results for a lower bias voltage as compared to a higher value produce more distortions as shown in above 
figure 6 a & b respectively. From these graphical analyses of the circuit, it has been found that the distortions 
phenomenon is more evident at higher values of input power [49].  
 
 
3. PROPOSED CMOS BASED SWITCHABLE ADAPTIVE FILTER 

The Figure 7 shows the schematic arrangement of the proposed CMOS based adaptive switchable 
filter, which is capable of operating in the different capacity i.e. filter region. In this circuit, the CMOS has 
been used as the active devices for switching purpose i.e. to connect and disconnect the sub module. This 
circuit has been designed to perform the role of dualband BPF, with the mathematical expression for external 
Q. As compared to the earlier work, this dual-band BPF does not require any additional dual-band impedance 
transformers. Since this circuit employs the CMOS i.e. low power devices, this adaptive switchable filter has 
got enormous applications in the field of biomedical signal processing, analog signal processing, etc. In 
addition to this, the power consumption of this filter has been found to be 8.88mW under a 1.2V supply 
voltage, whereas the transmitted output power is -1.72dBm without sacrificing the required performance. The 
simulation work of this circuit has been performed by using pSpice software with 0.18 micron technology. 
The results obtained with this simulation work are quite satisfactory and are with the theoretical assumptions. 
This work put forward a switchable adaptive filter, which has been fabricated in a multi-layer ceramic circuit 
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process to provide high integration and miniature implementation. The approach that integrates a PIN diode 
(using CMOS device) in a semi-lumped resonator provides a large frequency switching ratio. The proposed 
dual band/impedance source impedance transformer circuit offers favorable matching conditions in both 
passbands. The measurements so obtained with the present discussion agree closely with theoretical 
predictions. 
 
 

 
 

Figure 7. Proposed CMOS Based Switchable Filter 
 
 
4. SIMULATION & EXPERIMENTAL DISCUSSION 

 

 
(a) AC analysis of the Proposed CMOS Switchable Filter 

 

 
(b) Bode Plot analysis of Proposed CMOS based Switchable Filter Circuit 

 

 
(c) Transient Analysis of Proposed CMOS based Switchable 

Filter Circuit 
(d) Transient Analysis of Prposed CMOS 

based Switchable Filter with Noise 
 

Figure 8. Simulation Results of the Performance of Proposed CMOS based Switchable Filters 
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The above Figure 8(a-d) shows the simulations output results determining the performance of the 
proposed circuit. In this process of simulation, the most dominant behavior of the circuit has been discussed 
such as AC analysis, Bode plot analysis, and Transient analysis with and without the effect of the noise 
existing in the circuit. The results so obtained from this proposed circuit helps in determining the 
performance of the circuit when employed in various applications. 

 
 

5. CONCLUSION 
The performance of the proposed CMOS based switchable filter has been discussed with reference 

to various roles in switching the frequency of the signal using CMOS as the active switching device. In this 
discussion, the simulation results of the circuit have been found to be in close with the theoretical 
assumptions. For this simulation work, the pSpice tool has been used with 0.18 microns CMOS technology. 
The basic advantage of using electronic tool is that the desired components are quite easily available. The 
performance of the proposed CMOS based switchable filters has been discussed with its simulated results 
that have been carried out by using pSpice software with 0.18 micron technology. The insertion loss of this 
circuit is with the acceptable limits i.e. 2.9 dB and a tenability within two desired frequencies.      
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