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AxHOMayusi ~ TeOpeTUdECKn, B KBA3UCTATUMECKOM NpW-
BAMKEeHMN WCCNEACBaHo pacnpejeneHne BbICOKOYACTOTHLIX
HaRPsPKEHNIA 1 TOKOB NO NOSIOCKOBBLIM NPOBOAHNKAM PE3OHATO-
pOB ABYX3BEHHOTO MUKPOMOMOCKOBOro cunbTpa co wineida-
mi. MokasaHo, YTO B pe3oHaTOpax Takoro TUna ABe U3 HWKai-
LWMX MOA y4acTByIOT B (hOPMUPOBAHUW NONOCHI NPONYCKaHWA
hunbTPa, a TPETbA HKaWLwaa Mo4a ofecneunBaeT PexeKUnio
Ha CKMNOHE NOMoChl NPONYCKAHMSA.

|. BBepeHue

B pabGote [1] Ha npumepe AOBYX3BEHHbIX MMWKPOMO-
nockoeblXx unbTpoB (MIP), cocTaBneHHbIX N3 WNKNb-
KOBbIX PE30HATOPOB, ObINC NOKA3aHO, YTO NOSKITIOYEHNE
k nocneanum wnendoe (Puc.1) CcylwecTBEHHO yBENnuyu-
BaeT cenekTusHbie CBOKCTBA UNbLTPOB. Tak uneTp,
NONyYeHHbIW KACKaAHBLIM COeOQUHEHUEM ABYX NOAOOHBIX
MM®, HacTpOEHHbLIX Ha OAHY MONOCY NPOMNYCKaHUs, No
CEeneKkTMBHLIM CBOWCTBAM 3HAa4YUTENBHO NPEBOCXOAUN
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0ObuHBbIN WecTn3BeHHbIn MNP, OueBUAHO, UTO TakKon
NYyTb  MOBbLIWEHWA  CEMEeKTUBHOCTU  Y3KOMOMOCHBIX
duNLTPOB Ha ManogoOPOTHEIX Pe30HATOPaX, KAKOBBIMM
¥ ABNAITCA MUKPONONOCKOBLIE, NepcnekTueeH. Ans yc-
NewHoro NpoeKTUPOBaHUA NOZOOHLIX PUABTPOB HEob-
X0OWMO BbIACHUTL, Kak pacnpegeneHbl amnnutygs BY
HanNpsXKEHWA U TOKOB B NPOBOAHMKAxX pesoHaTopa u
wnendax Ha 4acToTax, COOTBETCTBYIOLINX PE30OHAHCAM,
opMHPYIOLLIUM NONOCY NponyckaHus puneTpa, U 3KC-
TPEMYMaM PEXEKLIMN Ha CKITOHAX NMoAOChI MPONYCKaHUs.
PelueHuio aToi 3apaqu NOCBALLEHa HAcToAwWwan paboTa.

Il. OcHoBHas YacTb

KaKk U3BECTHO, 3NEeKTPUMECKUE XapaKTEPUCTVKA pas-
AUYHBIX MMKPONONOCKOBLIX CTPYKTYP, pacCcuHUTaHHble B
KBa3UCTaTUY4ECKOM NPUGAWKEHUU, AOCTATOMHO XOPOLUIO
COMMAacyloTCA C 3KCMEepUMEHTOM. 3TO NO3BOMMNO HaMm
HeoBxonuMble UCCNeAOBaAHUA NPOBECTU TEOPETUHECKN.
[na npoctoTbt UccneaoBanack MoAenb ABYX3BEHHOMO
¢hunbTpa Ha NONYBOMHOBBIX pe3cHATOpax, NPAMONU-
HelHbIe pPerynspHbie NPOBOAHUKN KOTOPbLIX MMENU YeT-
BEPTLBOMHOBYIO ANuHY obnactu cessn. K cepeawHam
pe30HaTOPOB KOHOYKTMBHO Obinu MOAKNIOMEHb! Takke
perynspHsie nNpsAMoOnMHenHble Linendbl, Nonockosble
NPOBOLHUKN KOTOPbIX OPTOTOHANBHbLI NPOBOAHWKAM pe-
30HaTOpoB. Pe3soHaTtopbl ¢unbTpa NOCPEeacTBOM KOH-
OYKTUBHOW CBA3W noanovanucb K 50-OMHbIM NUHUAM
nepeaaqn no 6onbLION AnaroHanu.

Ha puc.2 npuBeaeHbl AYX npambix u obpaTHbIX NO-
Tepb uccrnegyemon mogenu vneTpa Ha noanoxke ¢
£=80, HACTPOEHHOrO Ha LIEHTPanbHyio YactoTy =500
MIy v nonocy nponyckanusa 50 MMy no ypoeHio -3 ab.

JlocTaTouHo xopoiuee cosnaneHue npuseneHHon A4YX ¢
AYX duneTpa, onucaHHoro B [1], noaTBEpPXAaeT npa-
BOMEPHOCTb UCMNONb30BaHUA YHPOLLEHHOW MOAENN.
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Puc. 2. AYX npameix # 0B6paTHbIX NOTEPL ABYX3BEHHOW
mMoaenn cvnbTpa co wnemndamn.
Fig. 2. Frequency responses of transmission and retum
losses in the model of two-pole filter having stubs.

UeTbipe MUHMMYMa Ha Kpueol obBpaTHhIX MoTeps
dunbrpa (i, 2, £ ¥ fs) CBUAETENLCTBYIOT O TOM, YTO B
dopMUPOBAHUI MOMOCHI NPOMNYCKaHUA YYACTBYIOT YETh-
pe pe3oHaHCa, HECMOTPS Ha TO, 4TO uNbLTP UMeeT BCe-
ro Asa 3BeHa. Monoca 3aTyxawus Ha JyactoTax fr v
3HAYUTENBHO YBENUUMBAIOT KPYTU3HY HW3KOUYaCTOTHOIO
¥ BBICOKOYACTOTHOro cknoHos AYX. Ha kaxaon n3 obo-
3Ha4YeHHbBIX YacToT ObiMU paccunTaHsl pacnpeaeneHus
aMANMTy4 BLICOKOUACTOTHBLIX HANPSXEHWA U TOKOB NO
MONOCKOBbLIM NPOBOAHWKAM PE30HATOPOB U LINEeNdos.

Ha puc.3 npusedeHbl pacrnpefeneHus amnnurya
BbICOKOYACTOTHBIX  HANPSXKEHWA ¥ TOKOB  BAONb
NOMOCKOBbIX NMPOBOAHUKOB pe3oHaTopos U(X), 1(X) u
wnenidos U(x) [(x). U3 anarpamm BUOHO, YTO Ha 4acTo-
Tax fh n f; pacnpegeneHve nonen B pesoHaTopax obbiu-
Hoe ANA NOnyBONHOBOW Mokl konebaHui. Ha yacToTtax
fi n f; aHanoruyHoe pacnpeaenexHue HabmogaeTtcs
TOMNBLKC Yy OAHOTO M3 B3AaUMOAEHCTBYIOLLMX PE30HATOPOB.
CTpykTypa nonei BO BTOpoM pesoHaTope, bnaroaaps
wrendy, cooTBETCTBYET KOPOTKOMY 3aMbiKaHUIO cepe-
JVHbI NONOCKOBOrO NPOBOAHWMKA Ha 3kpaH. [pw 3tom
BbICOKOYACTOTHEI TOK B LIEHTpe pe3oHaTtopa CKa4kom
M3MEHSIET 3HaK, a 3HaK HanpPsKeHus No BCEN AnuHe no-
NOCKOBOrO NPOBOAHWKA pe3gHaTopa OAUH U TOT Xe.

Ha uactoTe nomioca 3aTyxaHuf, PacnonoXeHHOro
HWKE NOoMnockl NPoONycKaxus fi, Ha TOW NONOBUHE pe3oHa-
Topa, KoTopas NoaKNYeHa K BbIXOOHOW NMHWK Nepeaa-
4y, 3NEKTPOMArHuTHble KonebaHuA NpakTU4ecKkn OTCyT-
CTBYIOT. MIHTEpECHO, YTO HA YacToTe nomnca, pacnoro-
EeHHOro Bbillie NONOCbLI Nponyckannn fn, konebaHus or-
CYTCTBYIOT BO BCEX NPOBOAHUKAX BbIXOAHOMO PE3OHATO-
pa, TaKKe B TON NOMOBWHE BXOAHOrO pe3oHaTopa, KoTo-
pas UMEeT C BbIXOAHLIM 06nacTb ceA3n. OueBnaHo, 4To
B MOMIOcax 3aTyXaHwsi BblCOKOYaCTOTHaA MOLLHOCTb
NONHOCTLIO OTPAXAETCA Ha BXoAe paccMaTpuBaemoro
dunsTpa.
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Puc. 3. [ivarpammbl pacnpeacneHa aMnnuTya HanpsbkeHUA U TOKOB N0 NPOBOAHUKaM unbTpa.

Fig. 3. Diagrams of voltages and currents amplitude distribution along the filter conductors.

CnenyeT OTMETUTb, YTO Ha BCEX WCCNEROBaHHbIX
yacToTax B NpoBOAHUMKaxX wWnendoB HabmogawTcs
ANEKTPOMarHUTHole konebaHuA, noaTOMYy B AAHHOM
cnydae pasfaeneHne NoHATUA «Pe3oHATop» U «inend»,
KOHEYHO >ke, YCNOBHO W MCMONL3OBAHO AN yaobcTea v
Sonblien HarnNAgHOCTHU.

lll. 3aknoyexune

TeopeTvyeckn, B KBa3uCTaTUHECKOM npubnvueHun
uccneaoBaHo pacnpeaeneHve amnnuTys BbicoKodac-
TOTHLIX HANPSKEHWA U TOKOB B MOSIOCKOBBLIX MPOBOAHN-
Kax pe3oHaTOPOB ABYX3BEHHOrO (hunbTpa CO Wnenda-
mu. [MokasaHo, yTOo Hanuque wnenda B pesoHaTope
MUKpPOMNOMNOCKOBOro thunbTpa NPUBOAWT K TOMY, HYTO B
TakoMm pesoHartope Bo30yxaaroTCa ewwe ABe MoAbl, OAHA
U3 KOTOpbIX, «CUMMETPUYHARY, YHaCcTBYET B HOPMUPO-
BaHUW NOMOCHI NPoMyckaHus, Apyras obecneynsaeT pe-
XEKUMIO Ha CKIMOHaxX Monockl NponyckaHus cunbtpa.
Bnarogaps stomy, AYX obpaTtHbIX NOTepb AB8YX3BEHHO-
ro hunbTpa MMEET BUA KaK Y YETbIPEX3BEHHOIO, a ce-
NeKTUBHLIE CBOWCTBA AaXe Bblle.
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Abstract - Theoretically, in quasi-static approximation a dis-
tributions of MW voltages and currents along strip conductors of
resonators of the two-pole microstrip filter having stubs are in-
vestigated. It is shown that two of the lowest modes participate
in forming the filter pass-band, and the third lowest mode pro-
vides a rejection at a slope of transmission band.

I. Introduction

Previously [1,2] it has been shown that connection of stubs
to microstrip hairpin resonators (Fig.1) leads to considerable
increase in selectivity of the filter on their base. A pass-band of
such two-pole filter appeared to be formed by four resonances,
not by two ones as usually. This fact is illustrated by Fig. 2
where frequency responses of two-pole “stubbed” filter are
shown. Existence of four minimums, not two, in retumn losses
reflects this. Besides, there are extremums of rejection on the
pass-band slopes. Obviously, in the filter operation not one
lowest mode participates, but several. For successful designing
such filter it is important to determine the distribution of MW
voltages and currents along the filter strip conductors at fre-
quencies of these modes, that is the task of the present work.

Il. Main part

The simplified mode! of the filter was investigated in the
quasi-static approximation. In the model resonators had the
shape of straight strip and were shifted half-length. The micro-
strip stubs were connected to the centers of the resonators
strips and were straight strips too. Such simplification is justified
because a relation between inductive and capacitive interac-
tions in the model is roughly the same as in the filter of interest.

In Fig.2 the frequency responses of transmission and retumn
losses of the model adjusted to center frequency £,=500 MHz
and bandwidth 50 MHz are shown. Four minimums of return
losses at the frequencies fi, &, f, f» show that four resonances
form the pass-band, despite the filter has only two resonators,
Attenuation poles at f; and f, significantly increase the left and
on the right stopes of pass-band correspondingly. The distribu-
tions of amplitudes of MW voltages and currents along the strip
conductors of the filter were calculated on these frequencies.

In Fig.3 there are represented one-dimensional diagrams of
these distributions U(X), KX) and U(x), Kx), X is coordinate
along the strip of the resonator and x is coordinate along the
strip the stub. It is seen that at frequencies &, % the distributions
are the same as for the case of usual half-wave mode. At the
frequencies f; and f; besides the usual mode the one more,
“symmetric”, mode excites in the resonator, that leads to the
doubling of resonances number.

At frequencies # and f, electromagnetic oscillations are zero or
in parts of resonators connecting to transmission lines, or in the
overlapping parts, hence MW’s are rejected at the input of the filter.

As at all the frequencies in the conductors of the stubs an
electromagnetic oscillations exist, so conceptions “resonator”
and “stub” are relative and are introduced for clearness.

{ll. Conclusion

Theoretically, in the quasi-static approximation the distribu-
tion of MW voltages and currents amplitudes in two-pole micro-
strip filter having stubs is investigated. It is shown that due to
the stubs two additional modes excite in the resonator with one
of them to participate in the pass-band forming and another to
provide a rejection at the pass-band slopes.
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