OCOBEHHOCTU AMIMNIUTYAQHO-YACTOTHbIX XAPAKTEPUCTUK
ABYX3BEHHbLIX ®UNbTPOB HA HEPEIYNAPHbIX
MUKPONONOCKOBbLIX PE3OHATOPAX
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AHHOMAaYuA — ViccneaoBaHbl 3aKOHOMEPHOCTH NOBEAEHNS
NOMNCOB  3aTyxahws, HabnopaeMbix Ha  aMnnUTYgLHO-
4acToTHOW xapakTepncTukin (AUX) AByx3BeHHOW MUKPONONOC-
KOBOIi CEKUMM Ha HeperynApHbIX Pe3oHaTopax, 0T NapaMeTpos
KOHCTPYKUMN. PaccMOTpeHEl UNLTPLI CO CMEXHBIM 1 AWaro-
HanbHbIM NOAKNIOYEHUEM K NMHWAM NEpeaadn, MMeloLux
PUKCMPOBARHYIO LUMPUHY MONMOCHI MPONYCKAHUA M OTIMHAID-
LMecs TUNOM NpeBannpyloLlel CBA3u pe3oHaTOPOB Ha YacTo-
Tax NoNOCL NPONYCKaHUA.

|. BBegeHue

Mpu nccneaoBaHn 3aBUCUMOCTU KO3 bULMEHTA
CBA3W OT BEMMYWMHLI 3a30pa S Mexay NpoBOAHUKAMM
HeperynsipHbix MUKPOMNONOCcKoBLIX pesoHatopos (MIMP),
U30MMPOBAaHHbLIX OT BHELUHWX NMUHUW nepenaun, Geino
oBHapyxeHo [1], 4To oaHa U Ta xe BenuumHa koachdu-
UMeHTa CBA3WM B paccMaTpMBaeMOoW MWKPONOMOCKOBOW
CTPYKType ( puc. 1) MOXET Nony4aTbCsi NpU Tpex cylue-
CTBEHHO DAa3NU4HbIX 3HavYeHusx S. OTO 0O3Ha4YaeT, 4To
H& HeperynapHbIX Pe3oHatopax ¢ NOMHON anuHoR ob-
nacTu CBSI3W NPOBOAHWKOB BO3MOXHa peanusauus Tpex
PUNLTPOB C OAVHAKOBOW MOMOCON MPOMYCKaHUSA, KOH-
CTPYKTUBHO OTNUYAIOWUXCS TONbKO 3a30POM  Mexay
nposoaHukamu MIP. B ormeuerHoit pabote Bnepsbie
ObINO MokasaHo, 4TO HauMeHblueMmy 3asopy S; orse-
YawlleMy 3aaaHHON BenuduHe KosduimeHTa CBA3M
Ko, COOTBETCTBYET NPEeMMYILECTBEHHO EMKOCTHAS CBA3b
pe3oHaTopeB, Ha hoHe UHAYKTUBHON TOroO Xe nopsaka.
CpenHemy 3asopy Sp COOTBETCTBYET NPEMMYLLECTBEH-
HO WHAYKTMBHASA CBA3b Ha (DOHE eMKOCTHOW TOro xe
nopsaka. W, HakoHeu, MakCuManbHOMY 3a3opy Ss Co-
OTBETCTBYET TaKKe MNPEeUMYLIECTBEHHO WHAYKTUBHAA
CBA3b Ha hOHE NCHE3aKLLE Manoi eMKOCTHOM.

2
Puc. 1. MukpononockoBas KOHCTPyKUWS
Fig. 1. Microstrip structure.

o

UccneposaHne [aHHOM KOHCTPYKLIMM  UMEIOLEN
KOHOYKTUBHYIO CBfi3b C BHELUHUMW NIUHWSAMKU Nepeaayu
nokasanu [2], 4to usmeHeHue tTuna ceAsmn mexay MNP
NPUMBOAWT K CYLLECTBEHHOMY n3MeHeHnio hopMbl AYX
BHE MNOMOCLI NPONYCKaHWA, a W3MEHEHWeM AJNHbI
cpeaHero yuactka MIIP moxHo ¢opmupoBaTh He-
CKOIbKO NOMKOCOB 3aTyXaHWA cnpaea M cnesa oT NONo-
Cbl NponyckaHuA. MNpu 3TOM 3HAYUTENBHO NOBLILLAKOTCA
YaCTOTHO-CENEKTUBHbIE CBOWCTBA MMWKPOMONOCKOBOWN

CTDYKTYDSI.

Il. OcHOBHaA YacTb

B nactoswen paboTte uccrneaosaHa 3aBUCUMOCTb
pacnonoXxeHus NONIOCoB 3aTyxaHua Ha AYX paccmar-
pUBAEMON MWKPONONIOCKOBOW CTPYKTYPbl OT AWanek-
TPNUYECKOW NPOHALAEMOCTU NOANOKKA NPU PasnUuyHbIX
3HaYEHUAX cKauKa LUMPpUHbI nposoaxuka (CLUM) v Tuna
npesanupylouten ceasn MNP,

L, ab

0,6 0,8 1,0 f, Mu
f/f

W.e/Wi:.4
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f/for—
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c)
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Puc. 2. XapakTepncTuki (punbTpoB C NpeBanupyioLLet
€MKOCTHON cBA3bly MIMP Ha choHe MHAYKTUBHOR TOro
Xe nopsagka B cnyyae CMeXHoro ( =) u anaroHanb-
HOTO (= ) NOAKNIOMEHNA.

Fig. 2. The characteristics of filters with prevailing ca-
pacitor connection MSR on a background inductive one
of the same order in case of adjacent (— ) and di-
agonal ( —) connection.
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Puc. 3. XapakTepucTnkn chunbTpoB C NpeBanupyoLwen
UHAYKTMBHON CBA3blo MIP Ha doHe eMKOCTHOW TOoro
Xe NopsasKa B Cnydae CMEXHOro ( ——) u anaroHanb-
HOro { —) NOOKNIOHYEHUS.

Fig. 3. The characteristics of filters with prevailing MSR
inductive connection on a background capacitor that of
the order in case of adjacent (—— ) and diagonal
( =) connection.

BEbinnu MccnefoBaHbl LWeCTb PUNLTPOB € LeHTpans-
HOW 4YacToTol nonockbi NponyckaHua H=800MIy u ee
OTHOCMTENBHOW LIMPUHOW NC YpoBHIO —34B OT ypOBHSA
MUHUMAnNbHbLIX notepb Af/fo=5%, BBLINOMHEHHLIX Ha
NOANOXKKE C AUSNEKTPUUECKON NpoHWLAeMocCTbO £=80
TONWWHOW 1MM. BenuyuHa RoBpoTHOCTH pe3oHaTopos
(h=400. M'eomeTpyYECKNE NApaAMETPbI CBS3aHHbIX MI1P
npu 3TOM UMENN CNeRyLINe 3HaAYEHUA: We=1,97MM,
w=0,49Mm  (w=0,98MM  npu  we/W=2), 1=19,85mm,
[=6,45mm. Otnudanuces GUNLTPel TONLKO 3a30pamu
Mexay MNONOCKOBLIMU MpoBoAHMKamMu: Si=0,12mm,
5=0,70mm 1 S3=2,58MM, KOTOpbIE oBecneunBanu Tpw,
pPAccMOTPEHHBIX BbILLE, TUNA CBA3U PE30HATOpoB. Tou-
KM KOHOYKTMBHOrO MOAKMIOMEHUA BHELWHWUX JIMHMA ne-
peaauu I nogbupanuck Tak, YTobel obecneunte MUHKU-
MyM oDpaTHbIX NOTEpL B NEPBOWA NOFIOCe NPOMNYyCcKaHWuA
Ha ypoBHe -14 ab.

L, nb
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Puc. 4. XapaktepucTuki OUnbTPOB C NPEeBanupylowen
WHAYKTUBHOW CBA3bio MIP B cnyvyae cmexHoro ( =)
¥ AMaroHanbHOro ( —— ) NOAKMNICHEHUS.

Fig. 4. The characteristics of filters with prevailing MSR
inductive connection in case of adjacent (=) and
diagonal ( — ) connection.

W3 puc. 2, COOTBETCTBYIOLIEFO 3a30py Si, BUAHO,
4yto anst A4X pnnbTpoB CO CMEXHLIM NOAKTIOHEHUEM K
BHELIHWM NIWHWAM Nepedaqy XapakTepHO Hanudue on-
HOrO MNomca 3aTyxaHne BONKU3M BbICOKOYACTOTHOrO
CKfiOHa NepBon NONockl Nponyckanus. Ans unsTpos ¢
AvaroHanbHbIM NoJknioveHnem, Ha AYX HabnoaaeTcs
Tpv nonoca. OauH nonioc pacnonaraetcsa B6NU3N HU3-
KOYACTOTHOFO CKIoHa MNEepPBOW MOROCHbI MPOMYCKaHUA
dunbTpa, ABa APYrMX nonoca HaxoaaTcs mexay nep-
BOW ¥ BTOPOW NONOCO nponyckaHusa. [ins paccmaTpu-
Baemoil cexkuum Ha puc. 2(b, c) nokasaHo noBeaeHwe
HOPMUPOBAHHBIX 4YacTOT NONKCOB 3aTyxaHusa OT Au-
3NEeKTPUMECKOH NPOHKLIAEMOCTY NOANOXKKK ANA pasHbiX
aHauyennin CLUM. BuagHo, uto ans oboux criydaes npu
CMEXHOM MOJKMNIOYEHNW YacToTa fonoca 3aTyXaHus
cnabo BO3pacTaeT, U3MEHAs CBOE 3HaueHue npubnu-
antensHo B 1,1 pasa, npu usmeHeHnu £ ot 3 ao 150.
Mpu anaroHansHOM MOAKMIOYEHUN, NnoBeaeHUe YacToT
nepBebiX ABYX NOMIOCOB 3aTyXaHusl AnA pa3sHbix 3Have-
Huit CLUMN kadvecteeHHO coBnaaawT. BuaHo, 4TO NpM
yeenuuyenun CLUM dactora pacnonoxeHus TpeTbero
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Aonca 3aTyxaHus 3aMmennseT CBOe W3MEeHeHue npu
BbICOKMX 3HaveHusx €. Mpu npubnuxeHun £ k 3, Haobo-
poT, TPETUN NONIOC 3aTyxaHus ObicTpee npubnuxkaercs
K nepeowW nonoce nponyckanwua AYX d¢huneTpoB
fonbwum 3Hadenvem CLUM, ynyJwas cenekTMBHOCTb
dvnbtpa. M3 puc. 2 BuaHO, HTO Npu onpeaeneHHbIX
3HAYEHUAX AUBNEKTPUYECKON NPOHULIAEMOCTH NOANOX-
KW, 3aBUCRLLMX 0T BenuunHbl CLLM, yacTtoTtel BTOPOro v
TPETBEr0 NONKOCa 3aTyxaHusd, AfA CeKuMA ¢ auaro-
HanNbHbIM MNOAKMKYEHWEeM, KU YAcToTa NOnKca IToN xe
CeKuUW Npy CMEXHOM NOAKIMIOHEHNW COBNaAaIoT.

Puc. 3, n puc. 4 OTHOCATCA K XapaKkTepucTukam
bUNbTPOB C BENWYNHON 3a30pa MEeXay pe3oHaTopamu
S: n 8, cooTBEeTCTBEHHO. BuaHo, yto ans dunbTpoB., C
AIPEMMYLLIECTBEHHO WHAYKTUBHOWM CBSI3bID Ha 4vactoTax
AEepPBOA NONOCHI MPONYCKaHWUS, XapakTepHO pacnono-
KEeHne MonKca 3aTyxaHUs Ha YacToTax oo nepBow no-
AOChI NPONYCKaHWA, B CNy4ae CMEXHOIO NOAKNIOYEHNS,
¥ nocne nNepBoil NONOCH! IPONYCKAHWA B Cy4Yae gvaro-
HaNLHOTO.

Ananunznpys puc. 3(b, ) n puc. 4(b, c) MmoxHo cae-
nate BbIBOA, YTO MPWU WCMOMNb30OBaHUM NOANOXEK C
GonbWKUM 3HAYEeHNEeM AVANEKTPUYECKON MNPOHNLAEMO-
cm (g ~ 102) npegnouTUTENbHEE WCNONb30BaHWUE
pesoHaTopos co CLUM T.k. B 3TOM chiyd4ae nonioca 3a-
TyxaHusi pacnonaralTcs b6nwke kK nepeoW nonoce npo-
nycKaHus B OTIuMe OT perynsapHbix peacHatopos. MNpu
MarnbiX 3HaYEHWAX AUSNEKTPUYECKOW NPOHMLIAEMOCTH
noanoxkn (£ ~ 10 M MeHee ) y nccnenyemblX KOHCT-
pyKuui hunbTpOB Ha perynsipHbiX pesoHatopax u pe-
3oHaTopax ¢ Hebonbwwum 3vaueHnem CLUM nomoca
3aTyxaHua Sonee npubnmxeHbl K NepBo#d nonoce npo-
nyckaHusl, YTO MO3BONSAET peanu3osbiBaTh (UNLTPLI C
BbICOKUMW RapameTpamu KpyTU3Hb!l N0 HU3KOYaCTOT-
Horo, NM6o BeICOKOYACTOTHOTO cknoHa AYX, OcobeHHo
CYLLIECTBEHHOE U3MEHEHWE YaCcTOTbI NOMNI0Ca 3aTyXaHms
HabnoaaeTcs Npy CMEXHOM NOAKMOYeHUN (PUNbLTPOB.
Kak BUgHO w3 puc. 4 c, npu nameHeHun & ot 50 o 2
3HaYeHUE HOPMIHPOBAHHOW YacTOThi NOMIOCA 3aTyXaHus
yBenu4mnsaeTca bonee uem B Tpn pasa, npubnuxasnce B
npouecce CBOEro YBENWYEHUA K HWU3KOYacTOTHOW rpa-
HULe NepBO MONOCHI NPOMYCKaHUA.

lll. 3aknoueHue

MMokasaHHele B HacToswen paboTe BO3MOXHOCTH
ynpasneHua nonoxeHnem noniocoe 3atyxaHusa Ha AUX
ABYX3BEHHbIX (PUNLTPOB Ha HEPEeryns\pHbIX pPe3oHaTo-
pax Tvna raHTenu BaXHbi Npu paspaboTke YacTOTHO-
CENeKTUBHbIX YCTPOWUCTB C NPEAEnbHO BbICOKUMU Xa-
pakTepucTukamn. B 4acTHOCTU, NpU KOHCTPyMpOBaHNK
nonocoeblXx UNLTPOB MOXHO NONYYNTE CUMMETPWY-
Hyl0 chopMy AYX, UnNu ¢ MaKMManbHOR KPYTU3HOW TOro
unu nHoro cknoHa. KackagHoe coeavHeHue [Byx3BeH-
HbIX CEKUMI C PasNNYHBIM TUTNIOM CBA3SKH MEXAY Pe30oHa-
TOpamy NO3BONAET HE TOMNbKO MNOBbLICUTL KPYTU3HY 06e-
nx CKNoHoB AYX, HO 1 OOHOBPEMEHHO YBENUYUTL 3aTy-
XaHue B NONOCAX 3arpaxpeHus!.
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FEATURES IN FREQUENCY RESPONSES
OF TWO-POLE FILTERS BASED ON
IRREGULARS MICROSTRIP
RESONATORS
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Abstract - The regularities in behaviour of damping poles
observed on a frequency response {FR) of two-pole microstrip
structure consisting of irregular resonators, conceming to de-
sign parameters, are investigated. The filters with adjacent and
diagonal connection to transmitting lines with equal band-
widths and distinguishing by a type of prevailing coupling be-
tween resonators at frequencies of passband, are considered.

l. introduction

On researching the dependence of coupling factor on size
of gap S between conductors of irregular microstrip resonators
(MSR) isolated from external transmitting lines, it was revealed
[1] that identical values of coupling factor in considered micro-
strip structure (Fig. 1) can be obtained at three essentially
various S. In the referenced work it was shown for the first time
that to the least vaiue of gap S the mainly capacitive coupling
between the resonators corresponds on a background of in-
ductive one being of the same order of magnitude. To an in-
termediate value of gap S, the mainly inductive coupling corre-
sponds on a background of capacitive one being of the same
order of magnitude. To the maximal gap size Sz the mainly
inductive coupling corresponds on a background of small ca-
pacitive one.

In work [2] authors have shown, that the change of type of
the coupling between MSR's in the structure results in essen-
tial change of FR form beyond a passband.

ll. Main part

In the present work the influence of substrate dielectric
constant and of prevailing type of coupling between MSR’s on
an arrangement of attenuation poles in frequency response of
considered microstrip structure is investigated at various val-
ues of conductor width step (CWS).

Six filters with the center frequency f = 800 MHz and
fractional bandwidth Af; /fo= 5 % measured at the level —
3dB from the level of minimal loss, made on substrates of
dielectric constant € = 80 and of 1 mm thickness, were inves-
tigated. Q-factor of resonators is Q o = 400. The coupled
MSR'’s had the following sizes: we = 1,97 mm, w; = 0,49 mm
(w; = 0,98 mm when step is we/w;=2 mm), /, = 18,85 mm,
I, = 6,45 mm. The filters differed only by the size of gap be-
tween strip conductors: S$; = 0,12 mm, & = 0,70 mm and
S; = 2,58 mm, which provided three, above mentioned, types
of coupling between the resonators.

Analyzing results of the researches submitted in Fig. 2-4,
one can see that the essential change in frequencies of damp-
ing poles takes place when connection of filters to transmis-
sion lines is adjacent. As it is seen from Fig.4 ¢, on changing &
from 50 down to 2, the values of normalized frequency of the
damping poles increase more than three times, coming nearer
to low-frequency edge of the passband.

lll. Conclusion

The possibilities, shown in the given work, of controlling at-
tenuation poles in FR of two-pole filters based on irregular
resonators with a dumb-bell shape are important for develop-
ing frequency-selective devices with extremely high character-
istics.
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