
第50卷第3期 Vol.50,No.3
2020年3月 JOURNALOFUNIVERSITYOFSCIENCEANDTECHNOLOGYOFCHINA Mar.2020

文章编号:0253-2778(2020)03-0363-06

  Received:2020-01-12;Revised:2020-03-12
Biography:LIAnran,male,bornin1995,Master.Researchfield:microwavematerial.E-mail:lar@mail.ustc.edu.cn

Dual-bandfilterdesignbasedoncompositepatchandsubstrate
integratedwaveguidestructures

LIAnran
(DepartmentofElectronicEngineeringandInformationScience,UniversityofScienceandTechnologyofChina,Hefei230027,China)

Abstract:Anewtypeofpatchdoubleband-passfilterbasedoncircularsubstrateintegrated
waveguideisdesigned.Byloadingacircularmetalpatch,thecircularSIW (circularsubstrate
integratewaveguide,CSIW)cavitychangesintothecompositemultilayercircularpatchSIW
filter.ComparedtodualmodeCSIWfilter,compositemultilayercircularpatchSIWresonator
notonlyreducestheresonanteigenmodefrequencyofitsmainmode,butalsoaddsnewmodesto
formadualband.Toproveitseffectiveness,asimulation modelisbuiltin HFSS (high
frequencystructuresimulator).Thenthroughparameteroptimization,thedual-bandcomposite
multilayercircularpatchSIWfilterisobtained.Theresultsshowthatthedual-bandfrequencyof
thefilterisfrom1.88GHzto2.08GHzandfrom3.35GHzto3.60GHz,andthattheupper
andlowersidebandsofthetwopassbandshave Transmissionzeros,whichshowsgood
selectivity.
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基于复合贴片CSIW 结构的双带滤波器设计
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摘要:设计了一种基于圆形基片集成波导(circularsubstrateintegratewaveguide,CSIW)的新型多层圆形

贴片双频带通滤波器.通过中间层加载圆形金属片,将CSIW 谐振腔转变为复合多层圆形贴片谐振腔.与

SIW双模圆腔滤波器相比,降低了其主要工作模式的谐振频率,并且增加了新的圆形贴片谐振模式来形成

双带.为了验证其有效性,在 HFSS(highfrequencystructuresimulator)中建立仿真模型.在进行参数优化

后,得到了双通带滤波器.结果表明,该滤波器的双频范围为1.88GHz~2.08GHz,3.35GHz~3.60GHz,
在两个通带的上下边带均有零点,具有很好地选择性.
关键词:双频滤波器;磁壁;复合结构



0 Introduction
SIW[1]wasproposedbyProf.Wuforthefirst

timebyaddingperiodicmetallicviastoguidewave
whichissimilartometalwaveguide.ThenCircular
SIW(CSIW)filterstructure[2-3]andhalf mode
substrateintegrated waveguide (HMSIW)filter
wereproposed[4].Thelayoutofthesingle-mode
filterisstilllarge.InthetraditionalSIWfilter
design,thecascadeofthemain modeismainly
used,sothedesignofthemulti-modeSIWfilter
hasgraduallyreceivedattention.

Most multimodeSIW filtersor multimode
patchfiltersarebasedontheresearchofdual
degeneratemodefiltersinaCSIW resonatorby
introducingametallizedholearrayinthecenterof
aCSIWcavity,athree-modefilterisconstructed
usingthemainmodeTM010ofthedisturbedCSIW
cavityandtwodegeneratemodesTM110ofthefirst
highmode[5].Forabetterunderstandingofthe
controlofeachmodeinamulti-modepatchfilter,

thedual-modesingle-bandresonatorwouldbea
goodway.Perturbationonthesymmetryplaneof
thecavityseparatesthedegenerate modepair,

whichisequivalenttotwotuned circuits[6-7].
Therefore,thenaturalorderofthefilterisreduced
byhalf,whichreducesthesizeofthefilterand
makesthestructurecompact[8-9].

Recently,aresearchgroupproposedthatthe
introduction ofrectangular patchesinside the
rectangular SIW cavity can improve the
performanceoftheSIWcavityfilter[10].Withthe
filterdesignedusingthisstructure,thefrequency
ofthenew workingmodeoftheresonantcavity
namedcomposite multilayercircularpatchSIW
modeisgreatlyreducedwiththeintroductionof
thepatchandwiththefilterremainingthesame
size, multi-mode dual-band resultis achieved
throughperturbation.

CSIWstructurehasmoredegeneratemodesin
mode,socomparedwithrectangularcavity,ithas
more advantages in forming a narrow band
passband. Thus, this paper proposes a

miniaturizeddual-broad-bandfilterbyusingthe
compositemultilayercircularpatchSIW.

1 Structureanalysisofresonatorand
filter
Thenestedstructureusedinthispaperis

showninFig.1.Theexternalcavitystructureused
isacircularcavitySIWresonator.Acircularmetal
patchisembeddedinthemiddleofthecircular
cavitySIW whichdividesthesubstrateintotwo
parts:bottomandtop.

Fig.1 3DstructureofthecompositemultilayercircularpatchSIW

The thickness of the upper and lower
substratesis0.508mm,andthethicknessofthe
circularpatchis0.101 mm whoseradiusris
22.5mm.Theradiusofthemetallicviais0.6mm
andthedistanceinbetweenis2mm.AndRwhich
representstheradiusofthecircularSIWcavityis
30mm.

Accordingtoclassicaltheory,intrinsicmode
frequenciesofCSIWcavityresonatorareshownin
thefollowing:

fe = μmnc
2πr εr

(1)

whereμmm isthenthzeropointoftheBezier
functionoforderm,m=0,1,2,…n=1,2…,r
istheequivalentradiusoftheSIWcavity,andεris
thedielectricconstantofthesubstrate.

Ifthethicknessofthecircularpatchisfarless
thanitsradiusr,theresonantfrequencyofthe
resonantmodecausedbythecircularpatchcanbe
summarizedasfollows:

fnm0=
p'nmc
2πr εr

(2)
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  Thispaperusesthefirstpairofdegenerate
modes TM110 introduced via the composite
multilayercircularpatchSIWstructure,aswellas
thefirstpairofdegeneratemodesTM110 ofthe
CSIW resonant cavity. In the eigen mode
simulation,theelectricfielddistributioninthe
cavityisshowninFig.2.

Fig.2 circularpatchmodes

ThefilterdesignisshowninFig.3.The
centerfrequencies of the two passbands are
2.9GHzand3.5GHz.ThesubstrateisRogers
RO4350whichthedielectricconstantis3.66and
thethicknessis0.508 mm.Thewidthofthe
feederisW=4.5mm.

Fig.3 Geometryofthefour-modedouble-bandfilter

2 PerformanceanalysisofDoubleband
filterbasedonSIWCavity
Inordertostimulatetwopairsofdegenerate

modessuccessfully,rectangulargroovelinesare
etchedinthecenterofcircularmetalpatch.The

sizeandpositionofgroovelinesplayanimportant
roleintheformationofdoublepassbands,which
willbedescribedindetailbelow.

Fig.4showstheSparameterchangewhenthe
inclinationωofthesmallrectangularslotinthe
middleofthecircularpatchchanges.Itcanbeseen
thatthechangeofωhaslittleeffectonthecenter
frequencyofthetwopassbands,butagreatimpact
onthereturnlossinthefirstpassband.Withthe
increaseofω,themaximumreturnlossincreases
firstandthendecreases:thechangeofωvaluehas
littleeffectonthepositionoftheattenuationpoles
ontheleftandrightsidesofthetwopassbands.
However,thepositionoftheattenuationpoleon
theleftsideofthefirstpassbandisshiftedtothe
rightside,sochoosingtheappropriateωvalueis
conducivetoimprovingthefilter'souterband
rejectionability.

Fig.5showshowtheS parametersofthe
filterchange whenthe widtha ofthesmall
rectangulargrooveinthecenterofthecircular
patchchanges.ItcanbeseenfromFig.5thatthe
changeofahasagreatinfluenceonthereturnloss
inthefirstpassband,alittleinfluenceonthe
secondpassband,andthemaximumreturnlossis
betterthan-25dB;thechangeofa haslittle
influenceon theinsertionloss ofthe second
passband,theattenuationpolesontheleftand
rightsidesarealmostunchanged,andtheposition
oftheattenuationpolesontheleftsideofthefirst
passbandmovesdownwiththeincreaseofa.The
centerfrequenciesofthefirstandsecondbandsof
thefilterarealmostthesame,andthebandwidth
ofthesecondpassbanddoesnotshow much
change.

Fig.6showstheSparameterwhenthelength
bofthesmallrectangulargrooveinthecenterof
thecircularpatchchanges.Itcanbeseenfrom
Fig.6thatthechangeofbhasagreatimpacton
theperformanceofthefilter.Withtheincreaseof
b,thereturnlossinthefirstpassbandofthefilter
isoptimized,andtheinsertionlossofthefirstpass
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Fig.4 InfluenceoftiltangleωonSparameter

bandisalsogreatlyaffected.Theincreaseofb
causesthepositionoftheattenuationpoleonthe
leftsideofthefirstpassbandtoshifttothelower
left,andthepositionoftheattenuationpoleonthe
rightsideisbasicallyunchanged,sothefilter
passbandbandwidthiswidened;theinsertionloss
inthefilterpassbandisalsooptimizedwiththe
incensementofb,thecenterfrequencyofthe
degeneratemodeshiftstolowfrequency,butthe
insertion loss also increases. So it is very
importanttochoosetheappropriatebinthedesign
ofthefilter.

Hence,abetterfiltercanbedesignedby
choosingappropriateparameters.Theparameters
selectedinthispaperareshowninTab.1.

Fig.5 InfluenceofwidthaonSparameter

Tab.1 Parameterselectionofthispaper

ω a b R r W α

35° 1mm 9mm 30mm 22.5mm4.5mm 146°

3 Simulationandmeasurementresults
Thesimulatedband-passfilterisfabricated

andtested by Agilent E8363C vectornetwork
analyzer.Theinputandoutputportsareselected
as50ohm SMA connector.The measurement
scenarioofthefilterisshowninFig.7.

Themeasurementandsimulationresultsare
showninFig.8.

FromFig.8,inthemeasurementresults,the
3dBbandwidthoffirstbandisarrangedfrom1.
88GHzto2.10GHzandthefractionalbandwidthis
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Fig.6 InfluenceoflengthbonSparameter

Fig.7 Measurementphotoofcompositemultilayer
circularpatchSIWfilter

11.5%.Inaddition,the3dBbandwidthofsecond
bandisfrom 3.21GHzto3.40GHzandthe
fractionalbandwidthis5.75%.Atthistime,both
bandsarenarrowbandsandthevalueofreturn

Fig.8 Filtersimulationandmeasureresults

lossisgreaterthan1dB.
Thedesignofdoublepassbandisrealized,and

thepositionofcenterfrequencyandzeropointis
basicallyconsistentwiththedesignrequirements.

4 Conclusion
Inthispaper,wedesignedacircularpatch

double band-pass filter based on CSIW. We
embeddedthecircularpatchintheCSIW,andused
HFSS simulation software for modeling and
simulation.Thesimulationresultsshowthatther
can meetthedual-bandrequirements,andalso
havegoodout-of-bandrejectioninthebandpass
region.Atthesametime,thefilterretainedthe
advantagesofSIW,suchaslowinsertionloss,low
cost,compactstructure,etc.,which can be
widelyused.
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