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PASPABOTKA YMNPOWEHHOIO AIMTOPUTMA NPOEKTUPOBAHUA
MUKPOMOJIOCKOBbIX MNMM® HA WMAJNEYHBIX PESOHATOPAX
C OTBEPCTUAMU B IKPAHUPYIOLLEM CINOE HA OCHOBE
ANEKTPOONHAMUYECKOIO AHAISA B NMPOrPAMME ANSOFT HFSS

IIpoBenen anamm3 MUKPOMOJIOCKOBBIX MoflocHOMponyckaomux ¢unbtpos (II1TID) Ha
MIITUJICUHBIX Pe30HATOpax MeaHJpoBOi (GOPMEI co IeNbIo B KpaHU pylommeM cioe. IIporeneHs
pacueTsl reoMeTprueckux napaMeTpos [I11D Ha MMuIeTHLIX pe3oHaTOpax Ha OCHOBE (DHIILTPOB-
NPOTOTUIOB HUXHUX dacToT. IlocTpoena mopens mmuneunoro IIIIMD ¢ oTBepcTHsiME B
SKpaHUPYIOIIEM cJIoe W NPOBEJCHA e¢ ONTHMHU3aLus. B Xoje uccinegoBaHus paspaboTaH
VIPOIIEHHBIN aNrOpuT™M MPOEKTHPOBAHUS KOHCTPYKIMM JaHHOTO THIA (GHUILTPOB.

KaoueBrie ciioBa: HOHOCHOHpOHyCKaIOH_H/Iﬁ Cl)I/I.]'ILTp, CBs3aHHaA JIUHHA, IIC]IbE B
SKPaHUPYIOIIEM CJIOC, HMIUJICYHEIC PE30HATOPLI, IICHTpallbHasd JacToTa.

PasBuTre crcTeM paMoIOKALIH, PATHOHABHT ALK U TC-
JICKOMMYHHUKALII TPEOYeT CO3IAHIS CBEPXBBICOKOYACTOTHBIX
(CBY) ycTpOHCTB B KOPOTKHE CPOKH H C TIOCTOSHHBIM YBCTTH-
YCHHUEM TPEOOBAHMH K UX XapaKTEPHCTHKAM. B maHHBIX yCT-
POICTBaX YaCTO UCHOJIb3YIOTCS TPAUIMOHHBIC (DHIIBTPHI HA
TIAPAJUICIIBHBIX CBI3aHHBIX MUKPOIIOTOCKOBBIX JIMHILIX, KOTO-
PBIC IMCIOT PST HOAOCTATKOB. JIaHHBIC (DHITBTPHI HMCEOT TIa-
PA3HTHYIO MOIOCY MPOMCKAHKSA HA 9ACTOTE 2/, ¥ M3-3a 60Tb-
mvX radapUTHBIX Pa3MEPOB KOHCTPYKIHMH (DHIIBTPA CTAHO-
BUTCA HCBO3MOXHBIM PAMHOHAJIBHOC HCIOJB30BAHHC
TUTOTIAIN TIOAJIOKKH. B CIy4asx, Koraa HMEIOTCS OTpaHIHe-
HUS TI0 pa3MepaM (QHIIBTPA, TICICCO00Pa3HES HCTIOTb30BATh
KOHCTPYKIHIO (DHIIBTPOB HA INTIJICYHBIX pe3oHaropax. Cy-
IIECTBYET MHOMKECTBO KOHCTPYKIHH IIMHJICYHBIX (DHIIETPOB.

CoBpeMECHHBIMH HCCICAOBATEISIMU OBLTH TIPEUTOKCHBI
CIICYIOIINE KOHCTPYKIHMH (PIITBTPOB, MO3BOJLIFOLIHC TOMY-
YHTD >KEIIATEIbHBIC XAPAKTEPUCTHKY (DIITBTPA: MIOBBILICHHYIO
CETICKTHBHOCTH (PHITbTPA HA IINTIJICUHBIX PE30HATOPAX C I10-
MOIIBI0 BBEACHUS JOMOJTHUTEIBHOM EMKOCTHOM CBs3U [1];
IIUPOKYIO MOJI0Cy mpomyckaHus (10 1 I'T'w) ¢ moMOIIbro u3-
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MCHCHH YTJIA HAKJIOHA MCKY IDICUAMH 3BCHBCB KIACCHYCC-
KOTO (DHUTETPA HA INIMIJICYHBIX Pe30HATOPAxX HA 75° [2]; MuHu-
ATFOPH3ALHMIO TCICKOMMYHUKAITHOHHBIX YCTPOHCTB MpHeMa-
TICPSIAYH H CO3TAHHC H3OILHH MEKIY COCCTHUMH MPOBO-
HHKAMH (I)I/IJ'IBTpOB IOCPCACTBOM HCIOJIB30BAHHUA
MHOTOCJIOMHONW KOHCTPYKIMH MHKPOIOTOCKOBBIX IIMTUJICY-
HBIX (PrIbTPOB [3]; yMEHBIICHHE TAOAPHTHBIX Pa3MEPOB (PHITh-
TPa H YBCTHUICHAC IMHPHHBI MAKPOTIOJIOCKOBBIX JTHHHH B KOH-
CTPYKIMH MHKPOIOJIOCKOBOTO Y3KOMOIOCHOTO IIMHJICUHO-
10 (PHIIBTPA C MCTIOJIb30BAHHUEM 3a3EMIICHHS B BUJIC CKBO3HBIX
otsepceruii [4]. B pabote [5] mpuBeneHo cpaBHCHHE (DHITBT-
POB HA OCHOBC IIMIIJICYHBIX PS30HATOPOB C MCPCKPCCTHRIMH
CBS3MMH B BHAC KACKAJA W3 YCTHIPEX 3IICMCHTOB. PaccMoT-
PCHHBIC (PHIBTPHI HMCIOT OHY WITH JIBC IICH B SKPAHUPYEO-
MM CIIOC C PA3THIHBIMHA BHIAMH CBI3CH MCIKIY 3BCHBSMH
mmrTbKy. B padote [6] ObLT HeCIenoBAaH MUKPOTIONOCKOBBIH
(pUIIBTP HA INTIICUHBIX PE30HATOPAX, a B CTaThe [ 7] mpemna-
TACTC KOHCTPYKIH MHKPOILIOCKOBOTO (DIJIBTPA HA CBA3AH-
HBIX JIMHISX C OTBEPCTHAMH B SKPAHHPYIOILCM CJIOC.
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B nmanHoOl pabote mperaraercs HOBas KOHCTPYKIHS
MHKPOTIOIIOCKOBOTO HITTHIICYHOTO (PHIIBETPA C OTBEPCTHAMHA
B 9KPAHHPYIOMIEM Cl10¢. JIJaHHBIH THIT KOHCTPYKIMH (PHITBT-
pa UMEET PsT MPEHMYIIECTB II0 CPABHCHHUIO C TPAIUIHOH-
HBIMH IIITAJICYHBIME (HIbTPaMu. Bo-niepBhIX, OTBEPCTHE B
SKPAaHUPYIOIIEM CJI0€ CIIOCOOCTBYET MOAABIICHHUIO MAPA3UT-
HOH TOJIOCHI MPOIYCKAHUSA U YBEIUUCHHIO 3aTYXaHUA B 10-
JI0CE 3aTPAKACHAS, 4 TAKKE YBEIIMUCHHUIO IIHPHHBI OJIOCHI
MPOMYCKAHUS. BO-BTOPBIX, TaKasd KOHCTPYKLHS ITO3BOJLIET
YCTaHOBUTH CKOPOCTHOE COOTBETCTBHE MO B-TpeThux, nc-
MMOJIb30BAHHUC IIIMHICYHBIX (I)I/IJ'IBTPOB C OTBCPCTHAMH B JK-
PAHHUPYIOIIEM CIIO€ MO3BOJLIET YCHIIHTH 3JICKTPHUICCKYIO
CBSI3b MESKITy COCCTHUMHE PE30HATOpAaMIL. B-4eTBepThIX, yBE-
JIMIUBACTCA IMAPHUHA MHKPOITOJIOCKOBBIX JIHHHH | paccTosa-
HHUE MEKIy HAMH, YTO YIIPOIIACT TEXHOIOTHIO H3TOTOBIIC-
HHUS | CHIDKACT TpeOoBaHMSA K momyckaM. OCHOBHOH mpo-
61eMOi PN MPOCKTHPOBAHNH (DHIBTPOB C OTBEPCTHEM B
SKPAHUPYIOIIEM CIIOC SIBJLICTCS TO, YTO HE CYIICCTBYET -
TOPUTMA MIEPECUCTA €T0 U3 TPAAUILIMOHHOTO (DHITBTPA.

Lenbro maHHOM PAOOTHI ABIICTCS CO3IAHKE YIIPOIICH-
HOTO aJrOpUTMA AJIS MPOCKTHPOBAHUS KOHCTPYKIINH MHK-
POTOIOCKOBBIX (DHIBTPOB HA IIITAICYHBIX PE3OHATOPAX CO
IIETTBIO B 3KPAHUPYIOIIEM CIIOC Ha OCHOBE 3JICKTPOMATHUT-
HOTO aHaMH3a (PUIBTPa, MPOBCACHHOTO B cHcTeMe Ansoft
High Frequency Structure Simulator (HFSS).

1.PACYETBI K MOAEJIMPOBAHHUE

B mansO#M paboTe As pacueTa mapaMeTpoB MOJOCHOTI-
POIYCKAIOIIETO (PHIIbTpA HA INITHJICYHBIX PE30HATOPAX HC-
TIOJTb3YETCS METOI IIPOCKTHPOBAHMS (DIIIBTPOB HA CBSI3aH-
HBIX JTMHIX Ha OCHOBE (DHIBTPOB-IIPOTOTUIIOB HIKHUX Yac-
TOT IO METOOMKAM, MPEAJIOKEHHBIM B [8, 9, 10].

T'eomerpuueckue mapamerpst mmunedHoro IT®, mo-
JIy4YCHHBIC HA OCHOBE pacuera (DIIbTPa-MpOTOTHIIA HIDK-
HUX YaCTOT, PEACTABIICHHI B Ta0I. 1.

Taomuma 1. Teomerprueckne mapametpsl [I11D Ha mmunedHbIx

pesoHaTopax
Howmep cBazanmoit
TTapameTpsl LML

1u5 | 2u4 3
H_[lein{a yuacTKa CBSI3aHHBIX 0.4 0,49 0,5
JAHUN W, MM
Paccrosiue MEK]TY yHacTKaMI 03 0,89 0,97
CBSI3aHHBIX JTUHUH S,, MM
Hbnria yuacTia 10,33 | 10,23 | 10,22
CBSI3AHHBIX JIMHUH, L;, MM
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Puc. 1. AUX mukpononockoBoro 111D Ha mimuneuHsix pezoHa-
TOpax:

—& — — AUX cxeMbI ¢ HCXOIHBIMU Pa3MEPaMH; —E— — AUX
MOAAPHUITTPOBAHHOMN CXEMBI

@uiETp peam3yercs Ha MOIOKKE W3 TIOJMKOPA MAPKH
BK-100 ¢ (MpneKrprHyecKoi MPOHULIAGMOCTBEO £€=9,6, TOMILH-
HOU /=0,5 MM ¥ CITOEM MCTAJUTH3AIMH TOIIIMHOH /=5 MKM.
JlauHbBI (PrITETp TIpETHA3HAYCH U1 pabOThI HA ICHT PATBHOH
yacrore 2,85 I'T', mmpuHa moaocs! npomyckanua 122 MI .

JIst OTy"eHI aMITHTYTHO-4aCTOTHOH XapaKTECPHUCTH-
KU MUKpOToJa0ckoBoro IT1®M Ha MmuIeHHbIX pe30HATOpax
OBLIa CIIPOCKTHPOBAHA IICKTPHICCKASA cXeMa (DHIbTpa ¢
TIOMOIIBIO TPYIITHI CXEMOTEXHIICCKIX MOIyier Schematics
B cucreme Microwave Office or Applied Wave Research
(AWR MWO). U3 monyucunoit AYX (puc. 1) BuaHO, 4TO
LECHTPAIBHAS YACTOTA CMEIIEHA 10 CPABHECHHIO C IICHTPAlIb-
HOH YaCTOTOH MCXOJHOHU CTPYKTYPBIL, MPEITI0KEHHOM B [6],
Ha 440 MI'n u cocrasmsger 2,41 I'T'u. Jlng cMeIueHus ICHT-
paIbHON YaCTOTHI JO HEOOXOAMMOTO 3HAYCHHS ObIIIa YMCHB-
IICHA JJIMHA YYACTKA CBS3aHHBIX JIMHUM 0 8,33 MM C IOMO-
mpto GyrKImu Tune cucremsr AWR MWO.

[epepacuer reoMeTpHUECKUX PA3MEPOB TOMOJIOTHH TPa-
JULIUOHHOIO MHKPOMOJOCKOBOro mmuiaeyHoro IO ams
KOHCTPYKIMH C OTBEPCTHSAMHM B SKPAHUPYIOMIEM CIIOE ObLIT
TmpoBeaACH ¢ ToMoIbto nporpammsr MaxFCT, xotopas aB-
msieTcst coocTBeHHOH paspadorkor kadenper KTTIP 3amo-
POKCKOTO HAITHOHAJIBHOTO TEXHHYECCKOTO YHHBEPCHUTETA.
Jlanas nporpamva 0azupyeTcsi Ha KBA3UCTAaTHIECKOM aHA-
JH3€ TOTEPETHOTO CEUCHUS MUKPOIIOJIOCKOBOH TOTIONIOTHH
U TCHETHYECKOM aJITOPUTME MOMCKA PEIICHUN. Pe3ymbrarsl
PACUCTOB MPEACTABIICHEI B TA0M. 2.

Taomuma 2. Ilapamerpsl MukpomnonockoBoro mmuieutnoro 11D ¢ oTBepcTHAMH B SKpaHHPYIOIIEM CIIoe

Howmep cBsA3aHHON THHUH
ITapameTpsr

lus 2u4 3
BonHOBOC COMPOTHBIICHAC MAPHBIX MOIYBOIH Z,,, OM 67.31 52.65 51,46
BonmHOBOC CONPOTHBIICHIE HETIAPHBIX TIOAYBOIH Z,,, OM 40,87 44,10 43,54
IMupuna yyacTKa CBA3aHHBIX TMHUH JV;, MM 0,608 0,793 0,806
Paccrosane MExIy YIACTKAMHE CBA3AHHBIX JTHHAHK S7, MM 0,410 1,810 1,818
[MIupraa OTBEPCTHS B SKPAHHPYIOMICM MAPE S5, MM 1,17 2,52 2,40
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Jlnst IpOBEACHUS NMEKTPOMATHUTHOTO aHAIH3A, OblIa
MOCTPOEHA MOAEIb MUKPOTOIOCKOBOrO mimueyHoro [T 1D
C OTBEPCTHAMH B 3KPAHHPYIOIIEM CJI0€, C HCIIOJIb30BAHHEM
cucremsl Ansoft HFSS (puc. 2). Jlimaa mene# B SKpaHUpy-
FOIIEM CIIOE PAaBHA UIMHE YYACTKOB CBS3aHHBIX JINHUH.

W3 monyuernoit AUX (prc. 3) BHIAHO, UTO BBECHHC IICIH B
JKPAHUPYIOIIKH CIION MPUBEIO K U3MEHEHUIO LICHTPATbHON
YACTOTHI IOIOCHI MPOITYCKAHKSL, KOTOpast cocTaBiieT 2,967 [T,
TIO3TOMY HEOOXOIMMO IPOBECTH €€ KOPPEKTHPOBKY.

JLts monyueHrsT HeOOXOMUMOTO 3HAUCHHUS IICHTPATBHOH
YaCTOTHI, OBLIA IPOBEICHA ONTHMH3ALIIS KOHCTPYKIIIH TaH-
HOTO (PpWIIBTpa C HMCTONB30BAHWEM METONA TSHETHUECCKOTO
aNTOpUTMA, C TIOMOIIBIO MPoTrpaMMbl Optimetrics, KoTopas

a8

Puc. 2. Mozens MHKpOTIOIOCKOBOTO INMUIEUHOTO GUIBTpa ©
OTBEPCTHSMH B DKPaHUPYIOIIEM CIIOS

Bxout B coctas cucteMbl HFSS. B nanHoi padoTe mepeMeH-
HOH 11 ONTHME3AIMH ObLJ1a BEIOPAHA TIHHA YUACTKOB CBA-
3AHHBIX JIMHUH U JJTMHA OTBEPCTHUH B 3KPAHUPYIOLIEM CTI0€ L.

YCTAHOBIEHUE W3MEHACMOU MEPEMEHHOU OCYILIECCTBIIA-
JIOCh IMyTEM 3aMCHBI SHACHHUA JJTMHBI YIaCTKOB CBA3AHHBIX
JIMHUI U AJTUHBI OTBEPCTUH B SKPaHUPYIOLIEM cioe Ha L. [l
TOTO, YTOOBI YMECHBIINTH AUANA30H HIPHHIMACMBIX 3HAUCHUH
MIEPEMEHHON U, TEM CAMBIM, COKPATHTB BpeMs MPOBEACHUSA
MpoLecca ONTHMM3ALHMH, TPESABAPUTEILHO OBLI IPOBEICH
TAPAMETPHYCCKUN aHAIH3. Taioke, I PEIICHHSA apaMeT-
PHUCCKHX 3a71a4 ObLTa CO3AaHa IeeBas (DYHKLIH, KOTOpast
OITHCBIBACT PACTIOJIOKCHHUE YACTOTHBIX TOUCK HPH IIOCTPOE-
Hun AUX. Tlocie mpoBEACHHUS MAPAMETPHYUCCKOTO AHATH3A
ObL1 3arymeH mporiece onruMu3anuy. M3 moiaydeHHoro rpa-
(huka 3HAYCHHH ICICBOH (DYHKIHM OTHOCHTCIBHO HOMEpA
ATEpanyH ObUIO MOIYUCHO ONTHMAIBHOC 3HAYCHHC UTHHBI
YYACTKOB CBSI3AHHBIX JTMHUM H IIETICH B 3KPAHUPYIOILEM CTIOC.
MuHIMATEHOMY 3HAUCHHEO LIENCBOH (DYHKIIFH COOTBETCTBO-
BAJI0 ONTHMANBHOC 3HaUCHUE L = 8,83 MM, KOTOpOC OBLIO
MOJTYYCHO HA BTOPOH UTEPAIMU U3 MPOBEACHHBIX MICCTHIC-
CATH IICCTH. HCXOZ[}I U3 NMOTYyUICHHBIX PE3YJIETATOB ONNTHMHA3Aa-
1w, OBI1a ICPECTPOCHA MOJICITh HCCIICAYEMOTO (prutbTpa (13-
MEHEHA JIMHA YYACTKOB CBA3AHHBIX JTIHHUIT) U IPOBEICH Ie-
pepacyeT YaCTOTHOM XapaKTEPUCTUKH (pHC. 4).

W3 monyuyenno# AUX BHAHO, YTO IIEHTPAIBHAS JaCTOTA
cocraBuna 2,85 I'T 11, 4TO COOTBETCTBYET HCXOAHBIM JAHHBIM.
Taxoke BUAHO, YTO MPH BBEACHUH IIE/IH B SKPAHUPYIOMUT
CJIOH YBEIHMYMIIACH IUPHHA TIOJIOCHI MPOIYCKAHMS HCCIIe-
JIyeMoro (prieTpa, Kotopas cocrasaer 160 MI.

2. PE3YJIBTATBI HCCJIEAOBAHUA

J1d ypoIeHns NPOSKTHPOBAHUA MHKPOIIOIOCKOBBIX
TIT1® Ha MMANTEYHBIX PE30HATOPAX C OTBEPCTHAMU B 3Kpa-
HHPYIOIIEM CJI0€, KOTOpbIe OA3UPYIOTCA HA OCHOBE TPadH-
IHOHHBIX MUKPOIIOJIOCKOBBIX (PHIIBETPOB, TIPEIJIOKCH CIICY-
FOIIIIH AJTOPHUTM::

dB(S(WavePort2 WavePort1))
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Puc. 3. AUX MHKPOIOIOCKOBOTO IIMUICUHOTO (PUILTPa ¢ OTBEPCTUSMHU B HSKPAHHPYIOMIEM CII0¢
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Puc. 4. AUX ONTHMHAZHPOBAHHOTO MHKPOMOIOCKOBOTO MIMIJICYHOTO (DHITBTPA C OTBCPCTHAMHE B 3KPAHHPYIOIICM CI0C

1. Pacder reoMeTpH4IECKHX Pa3MEPOB TOMOIOTHH (PHITh-
TPOB HA CBS3aHHBIX ITOJYBOIHOBBIX PE30HATOPAX HA OCHOBE
(PUIBTPOB-TIPOTOTHIIOB HIDKHUX YACTOT IO METOJHKAM,
MPEIJIOKEHHBIM B [8, 9, 10].

2. IlocTpoeHHE ACKTPHICCKON CXEMbBI MEKPOIIOIOCKO-
BOI'0 HOTHJICYIHOTO (I)I/IJ'IBTpa C MOMOIIBI) I'PYIIIBI CXEMOTEX -
HIdeckux Moayneit Schematics cuctems AWR MWO. To-
ayuerrne AUX MHKPOIIOIOCKOBOTO INIMTHICYHOTO (DHIIBTPA.
H3mcHeHne JJIHHBI CBA3aHHBIX JIHHHH I CMCIICHHS LICHT -
paNbHOM YacTOTHI ¢ MOMOMIBIO (PyHKImH Tune cucremsl
AWR MWO.

3. IlpoBeacHUE pacyETOB FEOMETPHUYECKHX PA3MEPOB
MOTIEPEYHOTO CCUCHUS TOIOIOTHH MHUKPOIIOJIOCKOBOTO
TIT1® Ha MMANTEYHBIX PE30HATOPAX C OTBEPCTHAMU B 3Kpa-
HHUPYIOIIEM CJI0€ C MOMOIIBI0 mporpammbl MaxFCT.

4. TTocTpOECHHE U IMEKTPOMATHUTHBII AHAIN3 KOHCTPYK-
iy mmuaeqHoro [T1® ¢ oTBepCTHsIMU B 3KPAHUPYIOLIEM
cioe B cucreme HFSS Ha ocHOBE pe3ynbratos pacicToB B
mporpamme AWR MWO (mirHa yIaCTKaA CBI3aHHBIX JITHHAT)
u nporpammbl MaxFCT (mmprHa MUKPOIIOJIOCKOBBIX TH-
HUI, PACCTOSHHUE MEKIY HUMH H ITHPHUHA OTBEPCTHH B K-
PAHUPYIOLIEM CJIOE).

5. IpoBeacHNE ONTUMM3ALIH KOHCTPYKLIMH MUKPOTIONOC-
k0BOrO [1T1® Ha MIMUIEYHBIX PE30HATOPAX C OTBEPCTHAMH B
SKPAHHUPYIOIICM CJIOC ¢ TOMOIIBIO porpaMMel Optimetrics B
cucreme HFSS g mosyueHmst meodxommmon AUX.

6. TTocTpoeHHE MHKPOIIOIOCKOBOTO IIMTHIICTHOTO (DIITB-
TPa C OTBEPCTHSAMH B 3KPAHUPYIOIIEM CIIOE, TIPOBEPKA pe-
3YIIBTATOB.

Llenbro JanbHEHIIMX UCCIACAOBAHUM SIBJISIETCS HCCIIE0-
BaHHUE MUKPONOIOCKOBBIX [ IT1® Ha MIMUICYHBIX PE30HATO-
pax ¢ BAPBHPYIOIIUMECS YTTIAMH HAKJIOHA TUTCUCH M-
HBIX PE30HATOPOB [2] C METIMU B 3KPAHUPYIOLIEM CJIOC.

BbIBO/bI

[TpoBeaeHsI pacueThl TCOMETPHUECCKUX MTAPAMETPOB TO-
MOJIOTUH MUKPOMOIOCKOBOTO mmuuievHOro ITM co membio

B 3KPAHHPYIOIEM croe. [10 MONyYCHHBIM pe3yiIbTaTaM
CIPOCKTHPOBAHA KOHCTPYKIHA AaHHOTO (punbTpa. [Ipose-
ACHA ONTHMH3AIMA JJIHHBI YIaCTKOB CBA3AHHBIX JIMHAHA H
IICTICH B KpaHUPYROmEM ciioc. B xoae paboTel ObL1 CO31aH
VIPOLICHHBIN AJTOPUTM TS TIPOCKTHPOBAHHUS KOHCTPYKIIHH
MHKPOTIOJIOCKOBBIX (DHIIBTPOB HA IITHJICIHBIX PE30HATOPAX
CO IIETBIO B SKPAHUPYIOIIEM CIIOE, HA OCHOBE JJICKTPOMAr-
HUTHOTO aHATH3a (PHUIbTpa.
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Iletpora K. B., ®dypmanora H. 1., ®apadonor O. 10.
PO3POEBKA CITPOINEHOT'O AJITOPUTMY ITPOEKTV-
BAHH MIKPOCMY2KKOBHX CII® HA IITMJIIBKOBUX
PE3OHATOPAX 3 OTBOPAMHU B EKPAHYIOUOMY IITAPI
HA OCHOBI EJIEKTPOJMHAMIYHOI'O AHAJI3Y B ITPO-

T'PAMI ANSOFT HFSS

IIpoBenenuii aHami3 MIKpOCMYKKOBIX CMYTOIIPOITYCKAIOUNX
¢inpTpiB (CIID) Ha MITHIBEKOBAX pe3oHATOpax MeaHJ[poBoi (op-
MH 31 IIJIMHOIO B eKkpaHylodoMy mapi. IIpoBesieHo po3paxyHKH
reoMeTpruHUX HapameTpiB CI1IO Ha MMUIBKOBUX pe3oHATOpaXx Ha
OCHOBI (QUTHTPIB-TIPOTOTHIIB HIDKHIX YacToT. [loOynoBana Moznenb
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mmuibkoporo CTIO 3 0TBOpaMH B €KPaHYIOUOMY ITapi Ta HpoBe-
JieHa 1i onTuMi3aIlis. B Xofi JocmikeHHs po3pobieHnit crporre-
HUM alTOpUTM MPOEKTYBaHHS KOHCTPYKIIIl JAHOTO THUTY (PiThTpIB.

Kutodoi cioBa: cMmyromnponyckatounii GiabTp, 3B’ s3aHa
JHIS, MUITMHA B eKpaHYIOUOMY IMapi, MITHILKOBI Pe30HATOPH,
[EHTpaJIbHA YacToTa.

Petrova K. V., Furmanova N. 1., Farafonov A. Y.

DEVELOPMENT OF SIMPLIFIED ALGORITHM FOR
THE DESIGN OF MICROSTRIP BAND-PASS ON HAIRPIN
RESONATORS FILTERS WITH SLOTS IN THE GROUND
PLANE ON THE ELECTRODYNAMICS ANALYSIS IN
ANSOFT HFSS

Analysis of microstrip band-pass filters hairpin resonators
meander shape with slots in the ground plane is presented. The
calculations of the geometric parameters of the band-pass on hairpin
resonator filters on the basis of prototype filters of reduce
frequencies are presented. A model of the band-pass on hairpin
resonator filters with slots in the ground plane has been designed
and was used optimization. In research a simplified algorithm for
the design process of this type of filters is proposed.

Key words: pass-band filter, coupled line, slots in the ground
plane, hairpin resonators, center frequency.



