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Abstract-Reconfigurable filter technology is in robustness development. Due on the tunable and reconfigurable capability 
will contribute a various advantages in wireless applications. This tuning selectivity consist a numerous method, for 
example using varactor, micromachines, and PINdiodes.This review paper discussed PIN diodes as a switching element. 
The design and development of different types of switching element were then described. This paper presents of 
reconfigurable low pass bandstop filter WLAN, UWB bands applications for the past few years that operatedbetween1 to 
5.6GHz. Most of the studies were focus on Chebyshev filter because of the excellent selectivity and the response is easy to 
be analyzed. Different types of method have been introduced in reconfigurable low pass bandstop filter, design and 
performance of the filter will then be compared. 
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I.  INTRODUCTION  

Few years back, RF microwave filters has been enormous development, especially in reconfigurable design. 
Rely on current demanding, RF system provide more reliable, efficient and adaptable to imply in multiband system. 
This paper intends to make some review on the technology, method and design approach.Moreover, new 
applications have evolving for multi-functional RF system, and even better with the huge demand in diverse 
condition for reconfigurable filter to permit the system reconfiguration from radar to communications. It is 
necessary for the future RF systems towards the commercialization, civil, aviation, marine and defence sector [1]. 
Recent years has shown rapid changes in RF techniques as well as technology. Many reconfigurable methods has 
been explored, however no matter what types of switching being used, they should be conserve their transmission 
and reflection coefficient over the tuning detailed. 

The method and design of each filter is different. A number of tuning filter based on centre frequency has been 
studied and investigated [2-14]. The tunable process would occurred by adjusting the electrical length of each filter 
resonators [15-19] either in continuous or descreterealizations.Asstatedin conventional methods, varactor diode is 
proposedly as popular method emerging in Barium-Strontium-Titanate (BST) [15], piezoelectric [19], and 
semiconductor. In way to reconfigure the centre frequency, some of other method has been identified to implement 
discrete step PIN diode [20]. Nevertheless, new technology wasintroducing using micromechanical tuning switch, 
which can easily tune the centre frequency. 

Reconfigurable filter is much more commercialize in the future due on the hasle frequency spectrum range. 
Furthermore in reconfigure filter, are more compact, implement in narrow or wideband, low insertion losses, and lots 
of realizable expandability.  Figure 1 shows the basic third order of bandstopfilter with inverse chebyshev response. 
The circuit level will be transform to the distributed lumped element in Figure 2. 
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Figure 1. The basic schematic structure of circuit level 
 

 

Figure 2. Distributed lumped element 
 

Based on circuit level, it would be easy to identify the response after determine the inductor and capacitor value 
verified form the operational frequency and filter types [7], where fo is the midband frequency of the bandstop filter 
and fractional bandwidth (FBW). The filter is normally designed to match 50Ω terminations, therefore Zo = 50Ω, to 
determine the electrical design paramaters for the filter network representation, it would be consider based on 
element values table [2],[21-23]. 

Previous studies has been conceal to develop and design the reconfigurable low pass bandstop filter based on the 
insertion loss, return loss, rejection loss, stopband rejection and method of the design will be discussed later on the 
next section. The physical layout in microstrip design as shown in Figure 3. 

 

Figure 3. Physical layout in microstrip design 

II.T ECHNOLOGY , M ETHOD AND DESIGN 

Developing ultra-wideband (UWB) and wireless technology requires the use of a wide radio spectrum. 
Furthermore, the frequency spectrum as a crucial resource is appreciated and limited, hence the spectrum is 
necessary for several purpose, which it may contain the unwanted signals when an operation for example of UWB, 
WLAN or WiMax is concerned.  

To establish the configuration, in 2008 a solution have been introduce by using tunable or switchable narrow 
rejection band within the UWB bandpass filter [24-25]. Moreover, this application also suits for radar and electronic 
war systems. This paper report the bandpass filter in UWB using two identical notch structure with PIN diode is 
selected as the switching element. DC biasing circuit has been designed activate and deactivate the PIN diode without 
interrupting the filter response. Figure 4 shows the physical layout for the reconfigurable UWB with switchable notch. 

K1 K2 K3 K4 I/P O/P 

Resonator 1 Resonator 2 Resonator 3 

I/P O/P 
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Figure 4.Physical layout for reconfigurable UWB with switchable notch structure [21]. 
 
 

Switchable notch structure with the PIN diode attached at the open end of embedded stub. When the PIN diode 
at the zero bias condition, it presents large impedance because of the very small capacitance junction whilst produce 
the open circuited stub that resonates. In order to investigate the accurate notch behaviour, two different schemes of 
switchable notch structure are demonstrated in figure 5. Based on the main principle of transmission line with and 
embedded stub, both of it represent width and length ��and ��,and electrical legth of �� is around 90° at the desired 
response notch frequency. 

 
 

Figure 5.  Switchable notch structure[21]. 
 

Filter performance has been analysed over the frequency range of 1 to 15GHz. The result shows the notch can 
be observed in on and off condition at the centre frequency about 5.1GHz, when it turning ON at 0 V bias, its gives 
rejection ratios more than 35dB. To switch the notch off, it is found that the filter performance is almost the same as 
when the PIN diode subjected to a forward bias between2.5 and 5 mA. The measured minimum insertion loss is 0.5 
dB and the measured 3 dB bandwidth is 5.92 GHz. Some higher return loss may be attributed to the embedded 
switchable notch structure. Both of the simulation and measurement result has been compared as illustrated in 
Figure 6. 
 

 
 

Figure 6: Comparison of simulation and measurement results [21]. 
 

In 2009, reconfigurable filter for wireless applications that has the operational frequency of 2.4GHzhas been 
applied. This filter has the ability to switch from UWB frequency to 2.4GHz using PIN diode. This technology 
development [25] was proposed to reconfigure from bandstop to bandpass at the same UWB spectrum. The filter 
consists of two bended open stubs short to the ground using PIN diode. Thus the switchable filter was developed by 
connecting half wavelength strip line resonator, when it’s inparallel, nominally90° phase shift element and will 
optimized at active Q-factor. Figure 7 illustrated the layout of the reconfigurable filter. 
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Figure 7.Schematic of reconfigurable filter [25]. 
 

As the PIN diode will be used in the switching element, it will operate in two conditions, when the switch is in 
ON state, the filter will turn to all pass response, while when the switch is in OFF state, it become to 
bandstopresponse.UWBbandpass filters are established [26] in order to achieve UWB passband with a 110% 
fractional bandwidth at the central frequency of6.85 GHz. Lately, a UWB based bandpass filter is stated with good 
rejection performance [27]. Bandstop filtersinmicrowave applications are considered using quarter-wave open-end 
stubs or short-end tubs or stepped impedance structures, but these circuits are typically narrow band [28]. 

These filter configuration can be operate in two conditions, considered the measurement results of the 
reconfigurable filter as shown in figure 8, enhancing the topology of the diode function when it turn to ON and OFF. 

 

 

Figure 8. Measurement result for reconfigurable filter (a) PIN diode OFF, bandstop (b) PIN diode ON, 
bandpass[25]. 

 
To project the reconfigurable filter performance based on main characteristic, it has been short listed as in Table 

1.For the UWB bandstop rejection level showed more than 30dB with the insertion loss of 1.9dB in the passband 
which is at 2.1GHz. Furthermore for switchable state at 2.4GHz, insertion loss depicted a lower than 0.9dB with a 
3dB bandwidth of 400MHz. However, this is great execution in UWB 2.4GHz WLAN based system. Based on the 
following method that have been used, in 2010 [2], using different method to achieve the aimed to derive the better 
fractional bandwidth tuning range. The following methods are not really similar for low-pass filter, however, it can 
be implement to understand the filter behavior and tuning element concept theoretically. 
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Table 1- Measurement result based on filter performance [25]. 

Diode Condition �� Insertion 
Loss 
(dB) 

Bandwidth Rejection 
loss 

D1,D2,D3 
D4 

OFF 
(Bandstop) 

6.85GHz 1.9dB 20dB at 
2.2GHz 

>30dB 

D1, D2 ON 
(Bandpass) 

     - 2.1dB 3dB at 
7GHz 

>25dB 

D1,D2,D3 
D4 

ON 
(Switchable) 

2.4GHz 0.9dB 3dB - 

 
In order to design the tunable cut-off frequency and wideband bandpass filters, the proposed circuit block may 

be useful. It consists of short circuit coupled lines and short circuit stubs with PIN diodes as tuning elements. Crucial 
part should be implemented to ensure the filter is reconfigurable, many methods have been used,it doesn’t matter as 
long it can conserve the transmission zero and reflection-coefficient on tuning range. This reconfigurable filter 
mainly consists of short-circuited coupled lines and switchable short-circuited stubs which have an electrical length 
of 90°at centre frequency and an impedance transformer for impedance matching to obtain enough coupling. It may 
fix to odd or even mode impedances [25]. By altering the impedance stubs and the coupling, it will vary the 
bandwidth. Furthermore for the selectivity switching short-circuit, it may related to the ON and OFF or dependently 
alter the impedance of the stubs change the passband width. The actual filter design is as shown in Figure 7. 
 

 
 

Figure 7. Combining both filter[1]. 
 

Each stub contain a different PIN diodes. This method proposed the no shifting in centre frequency because of the 
electrical length would be altered in way to distinguish appropriate shifts. Moreover, the insertion-loss will strongly 
accompanying with the narrowband are higher as the expected. The presence of the bias circuit components and 
diodes effects the losses of the circuit hence affecting the return loss permenantly. While this filter would allow four 
conditions, state 1 is when the all diodes OFF, state 2 wideband stubs ON and narrowband stubs OFF, state 3 is when 
the narrowband stubs ON and wideband stubs OFF, then the fourth stage is all diodes ON. Through out the simulation 
and measurement result, both response shows a good agreement in terms of insertion loss which has been 
inconsistence, whilst the centre frequency (	
) and 3dB FBW are contribute to the tolerances of components and 
fabrication process. Figure 8 depicted the simulation response, Figure 9  shows the measurement response and table 
2is the comparison for both results. 
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Figure 8. Simulated (a) insertion loss (���) and return loss (���)[1]. 

 

 
Figure 9. Measured (a) insertion loss (���) and return loss (���)[1]. 

Table 1- Comparison for both simulation and measurement results [1]. 

 
Simulation 

performance 

 State I State II State III State IV 
FBW 
(3dB) 

34% 27% 15% 13.5% 

�� 2GHz 2GHz 2GHz 2GHz 

Insertion 
Loss 

-0.22dB -0.45dB -1.45dB -1.66dB 

 
Measurement 
performance 

 

FBW 
(3dB) 

33.5% 23.23% 14.65% 13.06% 

�� 1.9GHz 1.9375GH
z 

1.945GHz 1.9525GH
z 

Insertion 
Loss 

-0.62dB -1.07dB -1.91dB -2.5dB 

 
In 2011, amethod of reconfigurable filter been disclosed using the matched bandstop [29]. This paper proposed 

a new method in matching bandstop filter using the switching configuration based on lossy all pass network. It 
accurately matched at all frequency selection. Generously it based on the half wavelengthλ/2 resonator together with 
gap coupling, parallel with all pass nominally 90°phase shift element. Realization involve the PIN diode towards 
two condition when its ON employ all pass and when it is in the OFF state it will be in OFF state. Filter prototype is 
as shown in Figure 9. 

 
 

Figure 9: Filter prototype of twin resonator notch filter [29]. 
Notch filter topology is based on lossy resonator to matched bandstop response between  ��� and ��� at one 

resonance frequency of 1GHz. The operation of this filter is based on the PIN diode. When it goes to OFF, the filter 
will be in a bandstop response, meanwhile when it was ON, it will obtained all pass response. As a switching 
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element, the PIN diode will be connected to 8.8V in the bias circuit line. This design is expected to achieve return 
loss lower than -10dB ensuring to minimize the signal loss. Both of filter condition states has been collected and 
compared in Figure 10andTable 3. 

 

 
Figure 10. (a) Simulated (m1) and measured (m2) result when the PIN diode turned OFF,bandstop matching, (b) 

simulated (m1) and measured (m2) when the PIN diode ON, allpass response[29]. 
 

Figure 10 (a) shows that the response is shifted about 20 MHz. The attenuation for S12 gives -11.15 dB 
compared to the simulated result which is -35.83 dB.  But from results explained the network is matched at all 
frequencies which means that the return loss is lower than -10 dB.Figure 10 (b), givesallpass response when the PIN 
diode is turned ‘ON’. The simulation result gives the exact response but the measurement result is slightly having 
attenuation about -5.60 dB. 

In the measured result, S12 cannot be improved to be lower than -3 dB. The possible root cause may bedueto 
parasitic inductance in PIN diodes during ‘ON’ state and theparasitic inductance of via hole between PIN diode to 
the groundlayer.This paper proved that the matched filter can be reconfigured by applying the PIN diode and 
provide a matched network at centre frequency of 1GHz.Meanwhile, there is some enhancement based on the same 
method design [30] using the dual-mode ring resonator. This paper intends to demonstrate reconfigurable dual-mode 
ring resonator matched the band stop filter behaviour. The technique been used by composed two degenerate modes 
and splitting resonant frequency using pertubing stub. Uttermost, this techniques drawn the advantages in term of 
size,which can reduce the filter size, and permit the better performance. 

Dual-mode ring resonator method still using PIN diodes as a switching element. The filter can be reconfigure 
two states operation either in front-end to isolate frequency band and located within wide passband. Previous study 
showing the few method that been proposed, like using the match bandstop filter [31] which concern in high Q lossy 
resonator, tunable matched [32],[34-35]. Reconfigurable allpass to bandstop using the PIN diodes [29].The method 
that being chosen in this paper also referring to [29]. 

Approaching the filter design, energy differently reflected to realize frequency selectivity which limited by 
lossless. Dual-mode design taken [30] to determine the notch topology for dual-mode ring resonator bandstop filter. 
The filters with two resonators give two resonant frequency response, whichever in single response by adjusting the 
length. Figure 11 depicted in high notch with smaller size of filter circuit, and Figure 12 exposed the prototype of 
reconfigurable dual-mode ring resonator. Both ring resonator coupled thru-line while reacted in inductive and 

capacitive coupling, and parallel coupling line. Each of the coupler can shortly show the 

4�  as the short circuit at 

resonator and perform in bandstop response. 

 
 

Figure 11. Notch topology design for dual-mode ring resonator [30] 
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Figure 12. Prototype of reconfigurable dual-mode ring resonator matched bandstop filter at 1 GHz [30] 
 
Moreover, based on the technology, method and design approch in this paper, it develop the best performance 

with the good agreement. Dual-mode ring resonator matched bandstop filter allows the structure of reconfigurable 
design by implement PIN diode as switching elements. 

III.  DISCUSSION 

The review and analysis for reconfigurable lowpass bandpass and bandstop filter for the past few years has been 
done. The comparison and performance of the different method and design of every each design were presented in 
Table 3. Different method has been used in research area in order to develop the best performance of reconfigurable 
filter. Each of this method proposed has their own operational frequency, however the same method can be used to 
implement in other frequency range. As illustrated, an excellent filter should be low in losses while transmitting the 
signal, thus a lower insertion loss would be considered in design method.  

Each of this method represent have their own advantages. For the circuit building block, the design can be 
simplify on diode arrangement. Whilst, the diode configuration can further down the stub to reduce the losses. 
However, this would cause some spike. Hence, to overcome this problem, few solution has been discovered by 
moving the diode halfway down between the losses and isolation of the spike being made. The demonstrated filter 
show a good agreement between measured and simulated result with reconfigurable bandwidths ranging from 16% 
to 37%. Furthermore, this design provide a potential simultaneous control the bandwidth and the centre frequency. 

Besides that, by using the two bended open stub short to the ground can reconfigure the fiter behaviour act as a 
bandpass. It provides a different parametric, meaning the filter is switchable between 2.4GHz WLAN from UWB by 
conneting both stub lengthλg / 2. This type of method design enhance the conventional filter because a single 
filtercannot fullfill the requirement to operate at ultra-wide band (UWB) and wireless local area network (WLAN) 
hence using the multiple circuit will endure to the large surface area. Consequently, it generates compact size, low 
insertion loss and realiable performance filter. Matched filter method propose different design method but still using 
the PIN diode as the switching element. The filter has been rely on the allpass lossy network which can be matched 
at all frequency. Through the K inverter in topolgy which consist ofλ / 2 short circuit in transmission line and 
provide nominally 90° phase shift element between the resonator is able to use in any frequency selectivity. It shows 
the best matched bandstop reconfgurable filter. Moreover, the matched design got enhancement to improve the 
design quality in dual-mode ring resonator. 

 
Table 3- Comparison of technology, method and design of reconfigurable lowpassbandstopfilter 

Filter/ Year [21] 2008 [25] 2009 [1] 2010 [29] 2011 
 
[30] 2012 

Method 
and design 

Circuit 
block 

Two 
bended 

open stub 
short to the 

ground 

Circuit 
block 

Matched 
bandstop 

filter 

 
Dual-mode 

ring 
resonator 

 

Technology PIN diode PIN diode 
PIN 

diode 
PIN diode 

 
PIN diode 

fo(GHz) 5.1 6.85 & 2.4 2.0 1 1 
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Fractional 
bandwidth, 
FBW (%) 

- 10.1 
13.5% - 

34% 
- 

 
- 

Insertion 
loss, IL 

(dB) 
0.5 1.9, 2.1, 0.9 

-0.45 
-1.66 

-11.15,-
35.83 

 
-10.161 

 

Return loss, 
RL (dB) 

Attribute 
to notch 
structure 

>10 >10 
-22.22, -

59.98 

 
-32.44 

Stopband 
rejection 

(dB) 
>35 

>30 
>25 

>30 - 
 
- 

Size (mm2) 9.4×0.75 9.3×10.30 
26.85×1

0.0 
90×110 

 
60 × 100 

 
Dielectric 

constant, εr 
3.05 3.38 3 4.7 

 
4.7 

IV.CONCLUSION 

The different methods of designing reconfigure low pass bandstop filter applications have been reviewed. The entire 
filter shows decent response for insertion loss and return loss. Besides, the size of the filter designed is small and 
compact as well easy to integrate. The fabrication process is done by using PCB which is beneficial to the low-cost 
manufacturing process. 
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