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Nomenclature

 =Centerfrequency

=Normalizedfrequency

  =Even-modeinputimpedance

  =Odd-modeinputimpedance

 =Electricallengthofthetransmissionline

 =Wavelength

 =positionoftapped-linepoint

 =impedanceofthetappedline

 =loadedqualityfactor

 =characteristicimpedanceofthetransmissionline
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Abstract

A suggestion isproposedtouseacircuitofmicrostrip ring
resonatorssuchasUltraWidebandBandpassfilterin wireless
communication.

TheRing Filter'sdimension issmall,with low insertion loss,
satisfactoryskirtcharacteristicandaconstantgroupdelayinto
theUWBbandwidth.

Thisfiltermakesitpossibletocontrolthecutofffrequencies
which are dependent upon the ring and the parallel stub
impedance.Therejectedconditionsoftwocutofffrequencieson
bothsideofthepassbandaredependableonparallelstub.

ThisBandpassfilterhascutofffrequenciesbetween 3.1and
10.7GHz with the resonable position ofstub atthe end of
symmetryplane.Thecircuitconditionsoftwoattenuationpoles
ateithersideofthepassbandaregiventogetherwithcontrolling
them. To reject spurious suppression which is placed at
impedancezero,weemploy stepped impedancelinenearinput
portand outputport.ThisfilterisappropriateforUWBsystems
inallapplications.
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Chapter1.Introduction

Since the U.S. Federal Communications Commission(FCC)
released the unlicensed use of the ultra-wideband(UWB)
(3.1-10.6GHz) for indoor and hand-held systems in 2002[1],
significantresearch activitiesand interestshavebeen recently
aroused in academic and industrialcircles toward exploring
variousUWB componentanddevices[2].Asoneoftheessential
componentblocks,attemptstodevelopingaUWBbandpassfilter
(BPF)weremadein [3]-[7].In [3],an initialUWB filteris
presented by mounting amicrostrip linein alossy composite
substrateandthereportedinsertionlossishigherthan6.0dB.In
[4],amicrostripringUWBfilterisconstructedbysimultaneously
exciting and allocating transmission zeros belows 3.1GHz and
above10.6GHz.Duetoitsnatureofdual-stopband,thisfilter
withmultipleringresonatorsusuallyhasnarrow lowerandupper
stopbandsaswellaslargesizeones.In[5],acompositeUWB
filter is proposed by combining lowpass and highpass filter
structures or embedding one into the other. In [6], a
broadside-coupledmicrostrip-coplanarwaveguide(CPW)structure
withtightenedcouplingdegreeisutilizedtodesignanalternative
UWBfilterone,two,andthreesections.In[7],anovelcompact
UWB BPF on microstrip line is constituted using a single
multiple-moderesonator(MMR)thatisdrivenattwosidesby
twoidenticalparallel-coupledlines.
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Therearevariouskindsofresonatorsincluding thecoaxial,
dielectric,waveguide,andstriplineresonatorswhichareavailable
in the frequency range from RF to microwave[8].Coaxial
resonators have many attractive features including an
electromagneticshieldingstructure,low-losscharacteristics and
asmallsize,buttheirminutephysicaldimensionsforapplications
above10GHzmakeitdifficulttoachievemanufacturingaccuracy.
Dielectricresonatorsalsopossessanumberofadvantagessuch
aslow-losscharacteristic,acceptabletemperaturestabilityanda
smallsize.However,high cost and present-day processing
technology restrictions limit dielectric resonator utilization to
applicationsbelow 50GHz.Waveguideresonatorshavelongbeen
usedinthisfrequencyrange,possessingtwomainadvantages:
low-losscharacteristicandpracticalapplicationfeasibilityupto
100GHz.However,the greatest drawback of the waveguide
resonator's size is thatitis significantly larger than other
resonatorsavailableinthemicrowaveregion.Presently,themost
common choice for RF and microwave circuits remains the
striplineresonator[14].

Due to practical features including a small size, easy
processing,andgoodaffinitywithactivecircuitelements,many
circuitsutilizethestriplineresonator.Howeveramajordrawback
totheuseoftheresonatorsisadrasticincreaseininsertionloss
compared to othertypes ofresonators,making itdifficultto
applysuchstriplineresonatorstonarrow bandfilters.Microstrip
line filterdesigning is reported frequently to use distributed
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elementslikeascoupledlinefiltersandshuntstubfilterswhich
havemetanestablishedtheory.

However currently suggested diverse microstrip resonators
havehighinsertionlossduetoprimaryfactorssuchasconduct
loss,dielectric loss,radiation loss and coupling loss.They
obstructdevelopmentplannertypeoffilter.
A few papers have been published for attenuation pole

frequencycontroloverawiderangeusingvariouscombinations
ofstubperturbationandexcitationangles.Therehavebeenmany
studies on dual mode ring resonator BPFs because such
resonatorshaveverysimplestructures[14].

Thisarticleextendsthetransmission linemodeltoourring
resonatorandstub.Wewillpresenttheconditionsforachieving
attenuationpolesforsuchaRingFilter.

A requiredbandwidthofUWB issignificantwhichshouldbe
widerthananoctavebandwidthabout110%

Inaddition,weemployaparallelopenstub.

Theringandtheparallelstublinescreatesastopbandfrequency
whichcanbevariedbychangingthetunedstub.

Thecontentsofthethesisareillustratedasfollows

Chapter1brieflyintroducesthethesis,thebackgroundandthe
purposeofthiswork.
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Chapter2presentsdualmodeofconventionalringfilter.

Chapter3 proposed UWB ring filterdesign ofsingle stage.
Experimentalresultsofthefabricatedfilterarealsodemonstrated
anddiscussed.

Chapter4istheconclusion ofthisthesis.Itsummarizesthe
research work and proposed application ofthis new type of
filters.
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2.ConventionalRingFilterTheory

2.1Introduction

ThebasicgeometryofringresonatorisshownFig.2.1.BothI/O
portarepositioned2 length inring filter. isstub and 
lengthwhichisplacedattheendofsymmetryplane,whichalso
contributestotheappearanceofattenuationpolesatbothsides
ofpassband[15].

Fig.2.1 Conventionalringfilter.

Symmetry plane

 



  



  

  

  
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2.2Even-OddmodeRingresonator

Foreven-modecalculation,thesymmetryplaneinFig.2.1will
actasan open end,i.e.,asaperfectmagneticwall,and the
equivalenttransmission-linecircuitofFig.2.1willbecomeas
showninFig.2.2.

Fig.2.2 Equivalenttransmission-linecircuitmodelforeven-
modecalculation.
















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



(2-1)

 isnormalizedfrequencyand  iscenterfrequency. Before

calculating even-mode inputimpedance,   has to know

, and.

 


 



(2-2)

 


 



(2-3)

  











(2-4)

  

 

(2-5)

 
  
  

(2-6)

Forodd-modecalculation,thesymmetryplaneinFig.2.1willact
asanshortend,i.e.,asaperfectelectricwall,andtheequivalent
transmission-linecircuitofFig.2.1willbecomeasshowninFig.
2.3
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Fig.2.3 Equivalenttransmission-linecircuitmodelforodd-mode
calculation.

Beforecalculating odd-modeinputimpedance   hastoknow

 and

  


 (2-7)

  


 (2-8)

  

 

(2-9)















- 9 -

 
 
 

(2-10)

S-parameteriscalculatedby(2-6)and(2-10)

 



(2-11)

 



(2-12)

2.3ConventionalDual-moderingfilter

Use of Dualmode resonators allows the realization of a
compacthigh-quality microwaveBPF(Band PassFilter)whose
attenuation poles play a role in improving the skirt
characteristics.Therehavebeenmanystudiesondualmodering
resonatorBPFsbecausesuch resonatorshavesimplestructure
[16].Thispaperextendsthetransmissionlinemodeltoourring
resonatorandstub.Wewillpresenttheconditionsforachieving
attenuation polesforsuch aring filter.Thefeeding linesare
directlycoupledtoaring.Thecircumferenceoftheringisone
wavelength λglongatthecenterfrequency.Attenuationpolesin
the ring filterare easy to find.The condition forproducing
attenuationpolesisgivenbysettingthe tozero[17].
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  

 

    
   

 


(2-13)

where

       

 

  

 



        

(2-15)

Setting  tozerogivesthefollowingcharacteristicsequation

forattenuationfrequencies,   

    






(2-16)

2.4 Calculation and measurementofattenuation
polesofringbandpassfilter

Fig.2.4 showstheresponseofthefabricatedringfilterwith 
==50Ω, =92.7Ω and =17Ω.The thickness and relative
dielectric constant of the substrate are 0.38mm and 2.2,
respectively.Lower stub impedance is to getwider gap of
rejectedfrequency.
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Fig.2.4Photographofthefabricatedbandpassfilter.
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(a)

(b)

Fig.2.5 Measuredresultsofthering filter.(a)Transmission
andreflectioncharacteristics.(b)Groupdelaycharacteristic.
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Fig.2.5 showstheattenuationpoleswereobservedat0.81
GHzand3.19GHz.Thetotalinsertionlossincludingfeedingline
lossisabout0.18dBandthegroupdelayisabout0.7nsecatthe
centerfrequencyof2GHz.

By using equation (2-16),we can also obtain the following
relationshipfortheringbandpassfilter.

  





=0.567

Fig.2.6Theattenuationpoleasafunctionofdegree.

Hence,theattenuationpolefrequenciescanbecalculatedusing
=0.567,whichleadstotheresultsincaseof2GHzcenter

frequencybelow

37°x2GHz/90°=0.82GHz

143°x2GHz/90°=3.17GHz

0.567

36.6° 134°
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Table.2.1Experimentaland theoreticalofring bandpassfilter
attenuationpolefrequencies

1st Frequency 2nd Frequency
Theoretical 0.82 3.17
Simulation 0.92 3.35
Experimental 0.88 3.36

Theexperimentalandtheoreticalattenuationpolepositionsare
showninTable3.1,andare93percentageinagreementwith
each otherand simulated resultand experimentalresulthave
almostthesameresult.Wethinkexperimentalperformanceshave
littleerrorduringmanufacturingprocess.

2.5Conventional5-stageUWBBPF

Toobtainhighrejection,wehavetriedvariousvaluesofthe
tuning stubofcharacteristicimpedanceandwetrytocascade
ringfilters.Thetheoreticalvaluescalculatedthroughthe(2-16)
equationshavebeenconfirmed.Andthewidthandlengthofeach
transmissionlinecanbeobtainedbyLineCalculationTool.
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(a)

(b)

Fig.2.7 ModelsofthedesignedfiltersinDesigner.(a)single
stageofbandpassfilter.(b)10-poleBPFFilter.
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However,equationsandcalculationtoolarecarriedourinideal
cases,which havenottaken intoconsideration many potential
factorsthatmayaffecttheperformancesoffilter.

Fortheabovereasons,weutilizedanelectromagneticsimulator
AnsoftDesignertosimulatethedesignedfilterbeforefabrication.
Fig.2.8 showsresponseofattenuationpolesversusthestub
width.Even though thewidth ofstub haschanged to wider
range,bandwidthofringfilterisnotchangedsignificantly.Fig.
2.9 showstotalattenuationpolesofsum.Ononehandwecan
gettoknow thedifferentpartsthataffecttheperformancesof
mutualeffectbetweenmicrostriplineandringfilter,andonthe
otherhandwecansaveboththefabricationcostandtime.

-60

-40

-20

0

1 3 5 7 9 11 13

Fig.2.8 Simulatedtwoattenuationpolesversusthestubwidth
ofringfilter.

Frequency(GHz)

S21
(dB)
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Fig.2.9 Simulatedresultsof5-stagebandpassfilter.

Fig.2.10 Photographofthe5-stageUWBbandpassfilter.
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Fig.2.10 showsthefabricatedUWB BPF.Thethicknessand
relative dielectric of the substrate are 0.38mm and 2.2,
respectively.Toproducethenecessary 10-poleswehavetried
variousofstubcharacteristicimpedance, =5.3Ω,5.9Ω,6.8Ω,
7.9Ω and 9.5Ω in case of6.8GHz centerfrequency.Fig 2.7
showstheresponseofthefabricated10-polesUWBBPF

Table2.2 Simulatedtwoattenuationpoles(1stfrequency,2nd
frequency)versusthewidthofsinglestubfortheringresonator

 length
Simulated results

1st frequency 2nd frequency

9.5Ω 9 mm 1.97  GHz 11.67  GHz

7.9Ω 11mm 1.85  GHz 11.67  GHz

6.8Ω 13mm 1.71  GHz 11.78  GHz

5.9Ω 15mm 1.61  GHz 11.81  GHz

5.3Ω 17mm 1.48  GHz 11.87  GHz
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(a)

(b)

Fig.2.11 Measuredtheresultsofthe5-stageUWB bandpass
filter.(a)Transmissionandreflectioncharacteristics.(b)Group
delayvariationcharacteristics.
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Fig.2.11 showstheUWB bandpassfilterhasinsertion loss
betterthan -2.3dB andreturnlossgreaterthan10dB inthe
passbandfrom 3.8GHzto9.2GHz.Thegroupdelayofthefilteris
below 7.4nsecwithintheUWBpassband.
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3.ProposedcompactsizeUWBFilter

3.1Introduction

Whenwemake5-stagecascadeUWB filter,thereisproblem
toconjoinoneanotherwhichhavetoowidewidthofstubto
connectbecauseoflow characteristicofstub.

Openstubringfilterismadetocontroltheattenuationpole
frequency by adjusting boththering andthestub impedance.
However,toproducethe1.61GHzand11.08GHzattenuationpole
positions,wehavetoproducetheminimum stubcharacteristic
impedance=7.36Ω(16mm).

Fig.3.1showsschematicdiagram ofamicrostripring filter
withparallelstub.Thefeeding linesaredirectly coupledtoa
ring resonator.The circumference ofthe ring is aboutone
wavelength λglongatthecenterfrequency.

Theringhas λg/4lengthZ1 andZ2.Weemployedaparallel
stubwhichis =25Ω andlengthisshorterthan λ/8whichis

thesameeffecttotheringresonator'sstubsuchas =7.36Ω 

and λ/4openstub.
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Fig.3.1 Schematicdiagram ofamicrostripUWBbanspassring
filter.

Proposed filtershows schematic ofring filterwith parallel
stub,whichisbetterthanonesideopen stub.Weconsidered
aboutwidthandlengthofparallelstubandtryseveralkindsof
widthandlengthforgettinganinterestingresult.

  



  

  

  
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-40

-30

-20

-10

0

2 4 6 8 10 12

Fig.3.2 Simulatedresultsoftransmissionresponseversusthe
lengthofparallelstub.

Fig.3.2 shows a appropriate length ofparallelstub.The
bandwidthofring filterisgetting widerwhenittakeslonger
than λg/8 stub length.Howeverring filterhas drawback of
increasinginsertionloss.Ifthelengthisshorterthan λg/8,ring
filtergetbetterinsertionlossbutbandwidthoftheringfilteris
smallerthanalongerstub.

S21
(dB)

Frequency(GHz)

λg/4
λg/8
λg/16
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Table3.1 Simulatedtwoattenuationpolesversusthewidthof
parallelstubfortheringresonator

Parallel stub width 1st frequency 2nd frequency
1mm 3.32GHz  10.58GHz
3mm 2.55GHz  11.35GHz
5mm 2.22GHz  12.34GHz

-40

-30

-20

-10

0

2 4 6 8 10 12

Fig.3.2 Simulated resultsofbandwidth versusthewidth of
parallelstub.

Proposed filterdesign issatisfied with width 3mm in Ultra
WidebandapplicationTheparallelopenstubperturbationhaving
acharacteristicimpedanceof25Ω andlengthofλg/8respectively
atbothsides. Becauseweexperimentalengthofparallelstub.

Frequency(GHz)

S21
(dB) 1mm

2mm
3mm
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Ifthelengthislongerthan λg/8,filter'sbandwidthisgetting
smallerandinsertion lossisgetting biggerandthen parallel
stubisplacedinthesymmetryplane.

Fig.3.3 Photographofringfilterwithparallelstub.
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(a)

(b)

Fig.3.4 Measuredresultswithparallelstub.a)Transmission
and reflection characteristics. b) Group delay variation
characteristics.
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-40

-30

-20

-10
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2 4 6 8 10 12

(a)

(b)

Fig.3.5 Simulatedandmeasuredtransmissionresultsofsingle
stageringfilterwithparallelstub(width=3mm)versussingle
stub(width=16mm)ringfilter.(a)Simulated.(b)Measured.

S21
(dB)

Frequency(GHz)

single stub(width=16mm)
parallelstub(width=3mm)
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Fig.3.5 showstheresultsbetweentheringfilterwith λ/4stub
and thering filterwith parallelstub.Weemployed aparallel
stubtogetcompactsizeandwiderupperstopband.Theproper
stub'swidthisimportantwhenappliedtocascadestructureto
getspurioussuppression.Ifastub'swidthiswiderthanring
filter's width,ring filter need longer microstrip I/O line to
contactanotherringfilterandithasdrawbackininsertionloss
andgroupdelays.Thus,theresultsindicatedthattheringfilter
with parallelstub hasadvantagesofsize,skirtcharacteristics
andwiderupperstopband.

3.2Steppedimpedancelineforspurioussuppression

Theideapresentedinthismethodwhichisbasedonaring
resonator structure,with the addition of stepped impedance
resonatorlines,toconstructahighperformancebandpassfilter.
Thesteppedimpedancelinesmayhaveanindependentextra

transmission zero in the stop-band withoutrequiring complex
coupling between resonators[18][13]. Without alternating the
passband response,stepped impedance line can be properly
applied to nearto both feeding portsin orderto controlthe
positionsoftheextrazero.
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(a)

(b)
Fig.3.6 Band-stopcircuits.(a)anopenstub.(b)astepped-
impedancestub.

Thisisaveryusefulfeatureinpracticalreceiversforrejecting
spurious responses and enhancing the rejection levelin the
stop-bandofabandpassfilter.Theproposedstructurecansave
moreareaoftheoverallfilterstructurewithoutdegrading the
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performanceofthebandpassfilter.Fig.showndesigned λ/4and
steppedimpedancelineinAnsoftdesigner.
Theband-stopcircuits,illustratedinFig.3.6,aredesignedto

exciteaband-stopresponsebyaddingtwo λ/4openstubson
two sides (0＇and 180＇) of the ring resonator.Based on
transmission linetheory,a transmission line section having a
length(l<λ/4)canbereplacedbycombiningashortlength(l<λ

/8)oflineofhighcharacteristicimpedancewithashortlength
(l<λ/8)oflineoflow characteristicimpedance.Thelattercanbe
referredtoasastepped-impedancestructure.TheEM simulated
electriccurrentdistributionsinanopenstubband-stopfilterand
inastepped-impedanceopenstubband-stopfilteratthesame
fundamental resonant frequency are shown in Fig3.6.
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Fig.3.7 Simulated results ofa λ/4 resonatorand a stepped
impedanceresonator
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S21
(dB)

λ/4resonator
steppedimpedanceresonator
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Fig.3.8 Equivalentcircuitoftapped-lineresonator.

Fig.3.6 showssteppedimpedanceresonatorhashigherQ factor
than λ/4stub resonator.Figure3.6andfigure3.8show the
tapped-line structure and its corresponding transmission line
model.The position parameters of the tapped line can be
obtainedfrom [16].

lt= 2l
Π cos

-1( Π

2
Z0
Zl

1
Qs) (1)

or

Zl= 2π Z0Qscos2(2π ltl) (2)

where
 =positionoftapped-linepoint



- 32 -

 =impedanceofthetappedline
 =qualityfactor
 =characteristicimpedanceofthetransmissionline

3.3.Fabricationandmeasurement

Wehaveco-joined both parallelstub and stepped impedance
line forultra wideband application.Fig.3.9 shows designed
UWBfilterwithparallelstubandsteppedimpedanceresonator.

Fig.3.9 The proposed UWB filterwith stepped impedance
resonator.


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Fig.3.10 Simulated resultsin variabledistancebetween ring
resonatorandsteppedimpedanceresonator.

Fig.3.10showsappropriatedistancebetweenringresonatorand
steppedimpedanceresonator.Ifthedistanceislessthan3mm
the ring filter has getting more insertion loss at higher
frequency.Ifleaveaspacemorethan3mm,theringfilter'sskirt
characteristicisgettingworse.Sowechosethegapofdistance
betweenringresonatorandsteppedimpedanceresonator.

Frequency(GHz)

S21
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=2mm
=3mm
=4mm
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Fig. 3.11Simulatedtransmission andreflection resultsofthe
proposedUWBfilter.

WefocusonthedesignmethodofcompactsizeUWBfilter.We
trytomakesinglestagebandpassfilterandthenwesuggested
usingparallelstubforcompactsizeandstepimpedancefilterfor
spurioussuppression.
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Fig.3.12ThephotographoftheproposedUWBfilter.
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(a)

(b)
Fig.3.13 MeasuredresultsoftheproposedUWBfilter;.(a)

transmission and reflection characteristics. (b) Group delay
variationcharacteristics.
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Inmanyfilterapplications,inordertoreduceinterferenceby
keepingout-of-bandsignalsfrom reachingasensitivereceiver,a
widerupperstopbandisrequired.A cascadelowpassorbandstop
filtermaybeusedtosuppressthespuriouspassbandatthecost
ofextrainsertionlossandsize.Lumpedelementfiltersideallydo
nothaveany spuriouspassband atall.Bandpassfiltersusing
stepped impedance resonators(SIR) [17] or end-coupled
slow-waveresonators[18]areabletocontrolspuriousresponse.
We employedsteppedimpedanceresonatorwhichisplacednear
bothinputportandoutputport.Thus,awideupperstopbandis
obtainedinultrawideband.
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Chapter4.Conclusion

Wecansuccessfullycontroltheattenuationpolefrequencyof
thering filteroverawiderangeusing parallelstubwhichis
placedinthesymmetryplane.Usingthismethodisexpectedto
veryusefulinUltraWidebandsystem.Thisarticlepresentsa
wideband microstrip bandpass filter with parallel stub and
steppedimpedanceresonator.Electromagneticsimulations,using
Designershowsgoodagreementwithexperiments.Theproposed
microstripbandpassfilterhastheadvantageofhighperformance,
providing wider and deeper stop-band characteristics. The
measureddataforthefabricatedband-passfilteralsoshowsa
fairly good insertion loss ofapproximately -0.35dB atcenter
frequency and group delay variation is 0.7nsec. This
size-reducing concept can alsobeextended in anotherUWB
radiosystem.
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