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Abstract-Reconfigurable filter technology is in rotustness development. Due on the tunable and recagiirable capability
will contribute a various advantages in wireless gplications. This tuning selectivity consist a numesus method, for
example using varactor, micromachines, and PINdiodeThis review paper discussed PIN diodes as a sviiiog element.
The design and development of different types of stehing element were then described. This paper peents of
reconfigurable low pass bandstop filter WLAN, UWB kands applications for the past few years that opetadbetweenl to
5.6GHz. Most of the studies were focus on Chebyshélter because of the excellent selectivity and thresponse is easy to
be analyzed. Different types of method have beentimduced in reconfigurable low pass bandstop filter design and
performance of the filter will then be compared.
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|. INTRODUCTION

Few years back, RF microwave filters has been eooesnievelopment, especially in reconfigurable desig
Rely on current demanding, RF system provide melialle, efficient and adaptable to imply in mudiital system.
This paper intends to make some review on the tdobg, method and design approach.Moreover, new
applications have evolving for multi-functional Rfystem, and even better with the huge demand iarskv
condition for reconfigurable filter to permit theyssem reconfiguration from radar to communicatiotisis
necessary for the future RF systems towards thermougialization, civil, aviation, marine and deferssztor [1].
Recent years has shown rapid changes in RF tedsiag well as technology. Many reconfigurable nughuas
been explored, however no matter what types ofchivigy being used, they should be conserve theaistnssion
and reflection coefficient over the tuning detailed

The method and design of each filter is differénhumber of tuning filter based on centre frequehag been
studied and investigated [2-14]. The tunable presesuld occurred by adjusting the electrical lengfteach filter
resonators [15-19] either in continuous or descealizations.Asstatedin conventional methods, waradiode is
proposedly as popular method emerging in BariurosBitum-Titanate (BST) [15], piezoelectric [19], and
semiconductor. In way to reconfigure the centrgudency, some of other method has been identifiechpdement
discrete step PIN diode [20]. Nevertheless, newrtelogy wasintroducing using micromechanical tunswgtch,
which can easily tune the centre frequency.

Reconfigurable filter is much more commercializetlie future due on the hasle frequency spectrurgeran
Furthermore in reconfigure filter, are more compaaplement in narrow or wideband, low insertiosdes, and lots
of realizable expandability. Figure 1 shows theid#hird order of bandstopfilter with inverse clighev response.
The circuit level will be transform to the distriled lumped element in Figure 2.
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Figure 1. The basic schematic structure of ciraviél
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Figure 2. Distributed lumped element

Based on circuit level, it would be easy to idgntife response after determine the inductor andaitg value
verified form the operational frequency and filtgpes [7], wherd, is the midband frequency of the bandstop filter
and fractional bandwidth (FBW). The filter is norigalesigned to match %D terminations, therefore Zo = 8)to
determine the electrical design paramaters forfilker network representation, it would be considersed on
element values table [2],[21-23].

Previous studies has been conceal to develop aigndihe reconfigurable low pass bandstop filtexeldaon the
insertion loss, return loss, rejection loss, stopbeejection and method of the design will be dised later on the
next section. The physical layout in microstripigesas shown in Figure 3.

Figure 3. Physical layout in microstrip design

II.T ECHNOLOGY , METHOD AND DESIGN

Developing ultra-wideband (UWB) and wireless tedbgyg requires the use of a wide radio spectrum.
Furthermore, the frequency spectrum as a crucsburee is appreciated and limited, hence the specis
necessary for several purpose, which it may cortterunwanted signals when an operation for examipléWB,
WLAN or WiMax is concerned.

To establish the configuration, in 2008 a soluti@ve been introduce by using tunable or switchableow
rejection band within the UWB bandpass filter [Z]-2Moreover, this application also suits for radad electronic
war systems. This paper report the bandpass filt&fWB using two identical notch structure with Pthbde is
selected as the switching element. DC biasing itihas been designed activate and deactivate thali®e without
interrupting the filter response. Figure 4 shovesthysical layout for the reconfigurable UWB withitchable notch.
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Figure 4.Physical layout for reconfigurable UWB lwéiwitchable notch structure [21].

Switchable notch structure with the PIN diode dttatat the open end of embedded stub. When theliptié
at the zero bias condition, it presents large imaped because of the very small capacitance junetivist produce
the open circuited stub that resonates. In ordérvestigate the accurate notch behaviour, twaedifit schemes of
switchable notch structure are demonstrated inréidgu Based on the main principle of transmissioe Wwith and
embedded stub, both of it represent width and feigand!,,and electrical legth df, is aroundd0’ at the desired
response notch frequency.
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Figure 5. Switchable notch structure[21].

Filter performance has been analysed over the émgyurange of 1 to 15GHz. The result shows thelmotm
be observed in on and off condition at the cemegquency about 5.1GHz, when it turning ON at O &shits gives
rejection ratios more than 35dB. To switch the haiff, it is found that the filter performance isnmst the same as
when the PIN diode subjected to a forward bias behi.5 and 5 mA. The measured minimum insertion ikg.5
dB and the measured 3 dB bandwidth is 5.92 GHz.eSbigher return loss may be attributed to the eméed
switchable notch structure. Both of the simulateamd measurement result has been compared asatkgtin

Figure 6.

s, (48]
8, [dB]

Frequency [GHz] Fraquency [GHz]
Figure 6: Comparison of simulation and measurememnitlts [21].

In 2009, reconfigurable filter for wireless applicas that has the operational frequency of 2.4Gidzbeen
applied. This filter has the ability to switch frobiWB frequency to 2.4GHz using PIN diode. This temlbgy
development [25] was proposed to reconfigure frandstop to bandpass at the same UWB spectrum.ilfdre f
consists of two bended open stubs short to thengrosing PIN diode. Thus the switchable filter wiaseloped by
connecting half wavelength strip line resonatorewtit's inparallel, nominall§0° phase shift element and will
optimized at active Q-factor. Figure 7 illustratee 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 edam it will operate in two conditions, when theitel is in
ON state, the filter will turn to all pass respansehile when the switch is in OFF state, it becotoe
bandstopresponse.UWBbandpass filters are estathlif?® in order to achieve UWB passband with a 110%
fractional bandwidth at the central frequency d86@Hz. Lately, a UWB based bandpass filter is dtatih good
rejection performance [27]. Bandstop filtersinmigeve applications are considered using quarter-vegen-end
stubs or short-end tubs or stepped impedance wtesctout these circuits are typically narrow bgaa].

These filter configuration can be operate in twaditons, considered the measurement results of the
reconfigurable filter as shown in figure 8, enhagdhe topology of the diode function when it ttwrON and OFF.
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Figure 8. Measurement result for reconfigurabkeffi(a) PIN diode OFF, bandstop (b) PIN diode ON,
bandpass[25].

To project the reconfigurable filter performanced@d on main characteristic, it has been shordliatein Table
1.For the UWB bandstop rejection level showed nbhes 30dB with the insertion loss of 1.9dB in thesgband
which is at 2.1GHz. Furthermore for switchableestat 2.4GHz, insertion loss depicted a lower th&d®B with a
3dB bandwidth of 400MHz. However, this is greatax®n in UWB 2.4GHz WLAN based system. Based an th
following method that have been used, in 20102ing different method to achieve the aimed towdetihe better
fractional bandwidth tuning range. The followingtimeds are not really similar for low-pass filtegwever, it can
be implement to understand the filter behavior tamihg element concept theoretically.
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Table 1- Measurement result based on filter peréoe [25].

Diode Condition fo Insertion | Bandwidth | Rejection

Loss loss
(dB)

D1,D2,D3 OFF 6.85GHz 1.9dB 20dB at >30dB

D4 (Bandstop) 2.2GHz

D1, D2 ON - 2.1dB 3dB at| >25dB

(Bandpass) 7GHz
D1,D2,D3 ON 2.4GHz 0.9dB 3dB
D4 (Switchable)

In order to design the tunable cut-off frequencg andeband bandpass filters, the proposed cirdaitkomay
be useful. It consists of short circuit coupleasrand short circuit stubs with PIN diodes as tylements. Crucial
part should be implemented to ensure the filteec®onfigurable, many methods have been used,inttaestter as
long it can conserve the transmission zero ancectfin-coefficient on tuning range. This reconfigle filter
mainly consists of short-circuited coupled linesl awitchable short-circuited stubs which have atteical length
of 90°at centre frequency and an impedance tramgfiofor impedance matching to obtain enough cogplinmay
fix to odd or even mode impedances [25]. By altgrthe impedance stubs and the coupling, it willyvere
bandwidth. Furthermore for the selectivity switahshort-circuit, it may related to the ON and OFFlependently
alter the impedance of the stubs change the pagdstidth. The actual filter design is as shown igufe 7.

125H

R0 gk AT pED 06

a
Figure 7. Combining both filter[1].

Each stub contain a different PIN diodes. This meétbroposed the no shifting in centre frequencyabse of the
electrical length would be altered in way to digtirsh appropriate shifts. Moreover, the insertioss| will strongly
accompanying with the narrowband are higher asetpected. The presence of the bias circuit comgenamd
diodes effects the losses of the circuit hencectiffg the return loss permenantly. While this fikkeould allow four
conditions, state 1 is when the all diodes OFRe®avideband stubs ON and narrowband stubs O&fe, 3tis when
the narrowband stubs ON and wideband stubs OF# tiieefourth stage is all diodes ON. Through oatdimulation
and measurement result, both response shows a ag@gment in terms of insertion loss which has been
inconsistence, whilst the centre frequengfy) @nd 3dB FBW are contribute to the tolerancesasfigonents and
fabrication process. Figure 8 depicted the simutatesponse, Figure 9 shows the measurement seEspoi table
2is the comparison for both results.
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Figure 8. Simulated (a) insertion loss,() and return lossSg,)[1].
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Figure 9. Measured (a) insertion 10Ss,{ and return lossSg,)[1].

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

State | State Il State Ill State IV
Simulation FBW 34% 27% 15% 13.5%
performance (3dB)
fo 2GHz 2GHz 2GHz 2GHz
Insertion -0.22dB -0.45dB -1.45dB -1.66dB
Loss
FBW 33.5% 23.23% 14.65% 13.06%
Measurement (3dB)
performance fo 1.9GHz 1.9375GH| 1.945GHz 1.9525GH
z z
Insertion -0.62dB -1.07dB -1.91dB -2.5dB
Loss

In 2011, amethod of reconfigurable filter been ldised using the matched bandstop [29]. This papmygsed
a new method in matching bandstop filter using shéching configuration based on lossy all passvosk. It
accurately matched at all frequency selection. @ersty it based on the half wavelength resonator together with
gap coupling, parallel with all pass nominal9’phase shift element. Realization involve the PIbddi towards
two condition when its ON employ all pass and wies in the OFF state it will be in OFF state.t&ilprototype is

as shown in Figure 9.

90° Phase Shift
M4

Figure 9: Filter prototype of twin resonator nofitter [29].

Notch filter topology is based on lossy resonatomatched bandstop response betwegp andS;, at one
resonance frequency of 1GHz. The operation offiliés is based on the PIN diode. When it goes E-Qthe filter
will be in a bandstop response, meanwhile whenas WN, it will obtained all pass response. As atcwig
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element, the PIN diode will be connected to 8.8\thia bias circuit line. This design is expecteddtbieve return
loss lower than -10dB ensuring to minimize the algonss. Both of filter condition states has beeliected and
compared in Figure 10andTable 3.

m2
m1 m2 lfreq=982.6MHz

freq=979.7MHz freq=999.6MHz \dB(measured_allpass..S(1,2))=-5.597
dB(measured..S(1,2))=-11.157| |dB(S(1.2))=-35.835| Min

IMin Mi

m1
freq=1.000GHz
dB(S(1,2))=-0.532

0
T T T T T T T T T ) LN LI AL L LI DL L L N
0.90 0.92 094 0.96 0.98 1.00 1.02 1.04 1.06 1.08 1.10 090 082 094 09 098 100 102 1.04 1.06 108 1.10

freq, GHz freq, GHz
(a) (b)

Figure 10. (a) Simulated (m1) and measured (m2jitreden the PIN diode turned OFF,bandstop matching
simulated (m1) and measured (m2) when the PIN d2eallpass response[29].

Figure 10 (a) shows that the response is shiftesitaBO MHz. The attenuation for;.Sgives -11.15 dB
compared to the simulated result which is -35.83 dBut from results explained the network is mattia¢ all
frequencies which means that the return loss itdtan -10 dB.Figure 10 (b), givesallpass resparisen the PIN
diode is turned ‘ON’. The simulation result givée texact response but the measurement resulgkiglhaving
attenuation about -5.60 dB.

In the measured result;,;Scannot be improved to be lower than -3 dB. Thesiids root cause may bedueto
parasitic inductance in PIN diodes during ‘ON’ stand theparasitic inductance of via hole betwddhditode to
the groundlayer.This paper proved that the matdiiest can be reconfigured by applying the PIN dtodnd
provide a matched network at centre frequency dfiAGleanwhile, there is some enhancement basedeogatime
method design [30] using the dual-mode ring resandtis paper intends to demonstrate reconfigerdbbl-mode
ring resonator matched the band stop filter behavidhe technique been used by composed two degienaodes
and splitting resonant frequency using pertubindp.stttermost, this techniques drawn the advantagésrm of
size,which can reduce the filter size, and perhathetter performance.

Dual-mode ring resonator method still using PINddi® as a switching element. The filter can be régore
two states operation either in front-end to isofaéguency band and located within wide passbareki®us study
showing the few method that been proposed, likegugie match bandstop filter [31] which conceriigh Q lossy
resonator, tunable matched [32],[34-35]. Reconfipie allpass to bandstop using the PIN diodes T8 method
that being chosen in this paper also referrin@j.[

Approaching the filter design, energy differentlgflected to realize frequency selectivity which itied by
lossless. Dual-mode design taken [30] to deterrtirenotch topology for dual-mode ring resonatordsaop filter.
The filters with two resonators give two resonaetifiency response, whichever in single responsaljusting the
length. Figure 11 depicted in high notch with seralize of filter circuit, and Figure 12 exposed frototype of
reconfigurable dual-mode ring resonator. Both riegonator coupled thru-line while reacted in induectand

capacitive coupling, and parallel coupling lineckaf the coupler can shortly show tﬁé} as the short circuit at

resonator and perform in bandstop response.
A4

o
%

\ 4

Kz

K1

I Transmisson Line I

Figure 11. Notch topology design for dual-mode niegonator [30]
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Figure 12. Prototype of reconfigurable dual-moadg riesonator matched bandstop filter at 1 GHz [30]

Moreover, based on the technology, method and degigroch in this paper, it develop the best peréorce
with the good agreement. Dual-mode ring resonatatiched bandstop filter allows the structure of ndigurable
design by implement PIN diode as switching elements

I1l. DISCUSSION

The review and analysis for reconfigurable lowdamsdpass and bandstop filter for the past few Jeasdbeen
done. The comparison and performance of the diffemeethod and design of every each design wereepied in
Table 3. Different method has been used in resemenin order to develop the best performanceainfigurable
filter. Each of this method proposed has their @perational frequency, however the same methodbearmsed to
implement in other frequency range. As illustrataad excellent filter should be low in losses whiknsmitting the
signal, thus a lower insertion loss would be com®d in design method.

Each of this method represent have their own adggst For the circuit building block, the desigm &
simplify on diode arrangement. Whilst, the diodenftguration can further down the stub to reduce Itheses.
However, this would cause some spike. Hence, tacomee this problem, few solution has been discaldrg
moving the diode halfway down between the lossekismlation of the spike being made. The demorerétter
show a good agreement between measured and sichutst@lt with reconfigurable bandwidths rangingrir&6%
to 37%. Furthermore, this design provide a potésimultaneous control the bandwidth and the cefinéguency.

Besides that, by using the two bended open stutt &hthe ground can reconfigure the fiter behaviact as a
bandpass. It provides a different parametric, nregttie filter is switchable between 2.4GHz WLANrfr&JWB by
conneting both stub lengdth/ 2. This type of method design enhance the cdioe filter because a single
filtercannot fullfill the requirement to operate w@tra-wide band (UWB) and wireless local area roek(\WLAN)
hence using the multiple circuit will endure to thege surface area. Consequently, it generatepacnsize, low
insertion loss and realiable performance filtertdhed filter method propose different design methotstill using
the PIN diode as the switching element. The fittas been rely on the allpass lossy network whichbeamatched
at all frequency. Through the K inverter in topolgiich consist ¢f / 2 short circuit in transmission line and
provide nominally90’ phase shift element between the resonator istahlse in any frequency selectivity. It shows
the best matched bandstop reconfgurable filter.deer, the matched design got enhancement to ireptios
design quality in dual-mode ring resonator.

Table 3- Comparison of technology, method and desigeconfigurable lowpassbandstopfilter

Filter/ Year [21] 2008 [25] 2009 [1] 2010 [29] 2011 [30] 2012
Two | q
- bended o Matched | Dual-mode
gones | oo | ity | oo | Sl | g
9 short to the filter resonator
ground
Technol PINdiode | PINdiode | =N PIN diode
echnology diode PIN diode
fo(GHz) 51 6.85& 2.4 2.0 1 1
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Fractional o
bandwidth, - 10.1 133';30/? - ; -
FBW (%)
Insertion
loss, IL 05 19,2109 945 -11.15- -10.161
-1.66 35.83
(dB)
Attribute
Return loss, to notch >10 >10 -22.22, - -32.44
RL (dB) structure 59.98
Stopband
rejection >35 zgg >30 - -
(dB)
Size (mn?) | 9.4x0.75 | 9.3x10.30 26'(??(1 90x110 | 60x 100
Dielectric
constant, g, 3.05 3.38 3 47 4.7

[V.CONCLUSION

The different methods of designing reconfigure fmags bandstop filter applications have been revdeWke entire
filter shows decent response for insertion loss rtdrn loss. Besides, the size of the filter desdyis small and
compact as well easy to integrate. The fabricgti@tess is done by using PCB which is beneficidh&low-cost
manufacturing process.
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