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The development of contemporary SHF systems calls for a broad nomenclature of frequency-
selective devices, band-pass filters in particular. One of the possible directions of filter design is the
usage of electromagnetic-bandgap (EBG) structures, which can be implemented in the form of cer-
tain slots in a microstrip line’s ground plane. It was previously proposed to use these structures as
parts of output matching networks of high-efficiency SHF amplifiers built according to harmonic-
manipulation approach. The use of the mentioned structures would be more effective if they them-
selves could perform as matching network.

By utilizing the results of theoretical and experimental research of harmonic filters built on
microstrip line’s ground plane slots, let’s consider design of networks that are capable of performing
other relevant function in addition to that of band-reject filters. The goal of the current work is to
investigate the possibility of application of the microstrip line’s ground plane slot resonators (band-
reject filters) to the design of band-pass filters. This research can also contribute to the design of
such output matching networks of SHF amplifiers that must simultaneously perform the tasks of
harmonics filtering and impedance matching on the fundamental frequency of amplifier’s operation.
In order to achieve this task a band-pass filter was proposed and studied theoretically and experi-
mentally. The filter includes two sections of band-reject filters, each section consisting of two slot
resonator located in microstrip line’s ground plane, while the line section with slots at the same time
works as a part of three-section band-pass filter. Each slot resonator can be represented as a parallel
resonant circuit connected serially into the transmission line. Parameters of the parallel resonant
circuit are calculated from the known resonant frequency of the slot resonator and wave impedance
of the slot line.

The characteristics of the filter were calculated with the aid of ABCD matrices. The matrices
represented every slot, line sections between the slots and variation of the line’s characteristic im-
pedance (the width of microstrip line). The results of calculation were compared with results of elec-
tromagnetic simulation and experimental study of the filter test sample. The considered filter was
found to have characteristics similar to that of a filter built on half-wave resonators, but the signal
suppression in the upper pass-band was much higher compared with situation when only a step-like
variation of characteristic impedance was used in the filter. Herewith the overall length of the filter
with slot resonators was not higher than that of the prototype.

Using a test sample of the three-section filter manufactured on Rogers 3010 material with
thickness 0.635 mm and nominal relative permittivity € =10.2 the signal suppression in 2.0-3.6 GHz
band was measured to be within the range of 0.1 to 3 dB, while in 4.6-6 GHz band the signal sup-
pression was found to be more than 20 dB.

Keywords - bandpass filter, microstrip line, slotline resonator, electromagnetic-bandgap
(EBG) structure.



Y cTaTTi pO3rIIIHYTO KOHCTPYKIII0 CMYTONPOINYCKAI4Y0ro (piibTpy 3 BHKOPHCTAHHAM
INVINHHUX Pe30HATOPIB B eKPaHYIO4YOMY IIAPi MiKpPOCMY:KKOBOI JiHii. 32 10m0MO0rom0 miaxoais
JIOBTHX JIiHIH Ta eJIeKTPOAUHAMIYHUM METOIOM IMPOBEAEHO MOJEJIOBAaHHA (PLILTPY Ta 3ailic-
HEHO eKCIepUMeHTAJIbHE TO0CIIIKeHHsI MaKeTy (pLIbTpY.

KurouoBi cji0Ba — IIIJIMHHI pe30HATOPH, MIKPOCMY:KKOBHIl (iJbTP, CMYronpomnmycKar-
ymii piILTP, CMYT03aropoKyBajJdbHui GinbTp.

IMocTtanoBka npodaemu. Pozsutok cydacuux cucreM HBY notpebye mmpokoi HOMEHKIATypH dac-
TOTO-CEJIEKTUBHUX MPUCTPOIB, 30KpEMa CMyTOIpPONYCcKarduX (iibTpiB. IX MHpoke BUKOPHCTAHHS Y Pi3-
HOMAaHITHUX PaJiOTEXHIYHHUX, TEJIEKOMYHIKAIIHHAX Ta E€NEeKTPOHHUX MPHUCTPOSIX OOYMOBIIOE BHBYCHHS
HOBHX cxeM noOymoBu ¢insTpiB HBY Ta po3poOky HOBMX KOHCTPYKLiN Takux (imbTpiB. OMHUM 3 Hampsi-
MKiB 100ym0BH (UIBTPIB € GUIBTPH Ha EIEKTPOMATHITHHX YaCTOTHO3aropoUKYIOUHX CTpykTypax (elec-
tromagnetic-bandgap (EBG)) [1-4], siki MOXyTh BUKOHYBATHCSl Y BHUIJISAAI Pi3HOMAHITHUX OTBOPIB Y HHIK-
HBOMY IIapi MIKPOCMYXKOBOi JiHIT mepemadi. Byno 3ampornoHOBaHO BHKOPHCTOBYBATH IIi CTPYKTYPH y
CKJIa/Ii BUX1THUX y3TO/KYBAbHUX JJAHOK Y BHCOKOe(heKkTHBHUX miacumoBadax HBY nmiamazony, mobymo-
BaHMX 32 CXEMaMH 3 MaHiMyJIAIiero rapMoHik [3-5]. Ix Bukopucranus 6ymno 6 6iabm eeKTUBHNM, SKOU I
€JIEMEHTH IIle 0 BUKOHYBAJIX (YHKIIIO Y3TOKYIOUH JIAaHOK. SIK mpukian noeaHanHs QyHKIIA MOXHa Ha-
BeCcTH po0oTy [6], 1€ At MpUAYIICHHS TAPa3UTHUX CMYT MPOITYCKAHHS TieICKTPUIHUX (DiIBTPIB BUKOPH-
CTOBYBaHCA (DITBTPH HA MIKPOCMYKXKOBHX JiHISIX, TPUIOMY (iIbTPH 3’ €THAHI TTOCTITOBHO 1 MOXYTh OYyTH
IPOCTOPOBO PO3HECEHI.

Ha ocuoBi po6it [1,2,7,8], 1e HaBeneHO pe3yabTaTH TCOPETHYHUX Ta CKCIIEPUMEHTATbHHUX JTOCTi-
JOKeHb (iTBTPIB TAPMOHIK HA OCHOBI IIIJIHH, SIKi PO3MIIMIEH] Y eKPaHyIYOMy IIapi MiKpOCMY>KKOBOI JIiHi1,
pO3TIsTHEMO TTOOYIOBY JIAHOK, SIKi MOXKYTh BUKOHYBATH iHINI (DYHKIIT, KPIM CMYT03aropoKyr0unx QiiabT-
piB. Llimmio po6OTH € BUBYEHHS MOKIIMBOCTI BUKOPHCTaHHS CMYT03arOpODKYIOUHX (PEKEKTOPHUX) (PinbT-
piB y cMyTONpOmycKaunx (iabTpax, MO0 MOXKE MAaTH TaKOXX 3HAYCHHS IS PO3POOKH BUXITHUX JAHOK
migcumoBauiB HBY, sixi MaroTh BUKOHYBaTH (DYHKINT K (inbTpamii rapMOHiK, TaK 1 Y3rO/KEHHS Ha OCHO-
BHI{ 4acToTi mijgcumoBada. g 1poro Oylio 3amporoHOBaHO Ta TEOPETHYHO 1 eKCIIEPHMEHTAIBHO BHBUE-
HO CMYTOIPONYCKAOUUH (iIbTP, Y IKOMY BUKOPUCTOBYIOTHCS JIB1 CEKIIiT PeXEKTOPHUX (iIbTPIB, KOXKHA 3
SKUX CKJIQJA€THCS 3 IBOX NIUIMHHUX PE30HATOPIB, PO3MIIMIEHUX Y HIDKHROMY (EKpaHyI4YoMY) HIapi MiKpo-
CMY’KKOBOI JIiHi1, MPUYOMY BiJpi30K JiHii 3 OIIIMHAMH OJHOYACHO BUKOHYBaB (DYHKI[iIO OJHI€T 3 YaCTUH
¢inbTpy. BukopuctanHs 4eOHIIEBCHKOT allpOKCUMAILlil XapaKTePUCTUKU ACTh MiJICTaBU ISl BUKOPUCTAH-
HSl TAaKUX TMPHUCTPOIB y SKOCTI JIAHKH, SIKa 3MOXeE Y3TO/DKYBAaTH OMip HABAaHTaKEHHS 1 OMip, SKUH TpaH3UC-
TOp 0Aa4YNTh Ha CBOEMY BHXO/Ii — HABAHTAXXYBAIBLHUH OMIip.

1. IToGynoBa ¢ginbTpiB 3 BUKOPUCTAHHAM IIITHHHUX Pe30HATOPIB

OinbTp IS MIEPEeBIPKU MOKIMBOCTI BUKOPHCTAHHS LIUIMHHUX PE30HATOPIB OyJI0 po3paxoBaHO Ha
OCHOBI CTymiH4YacToro QGiIsTpy 3 HAMiBXBHJILOBHMH pe3oHaTopamu (puc. la). BpaxoByroun oOMexeHuit
Jliana3oH XBUJIBOBHUX OIIOPiB MIKPOCMY>KKOBOT JIiHi1, Oy10 00paHO HACTYIHI MapaMeTpH TPUCTYIiHIACTOrO
GiTBTpY: JiHIsA 3 BUCOKHM omopoM 75 Om, JiHis 3 Hu3bkuM onopom 34 Owm [9]. [IpononyeThesi BUKOHATH
aHAJOTIYHUH QITBTP 3 BUKOPUCTAHHSIM LIUTMHHAX PE30HATOPIB, e PE30HAHCHUH BiIPi30K JIiHI 3 BACOKUM
ormopoM Oyjie YTBOPEHUH IMepenagoM XBHJILOBHX OIOPIB 3 OJHOrO OOKY i HEOJXHOPITHOCTHIO Y BUTJIAMIIL
JIBOX IIUIMHHHUX PE30HATOpIB, 3 iHIIOro (puc. 10).
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Puc. 1. Tononozis gpinempy, a — 0151 po3paxyHKy 6e3 WiTUHHUX Pe30HAmMOopie, 6 — 3i WITUHHUMU PEe30HAMOPAMU



Po3rnsiHeMo 4acTOTHI XapaKTEPUCTHKH Ta IMIIEAAHC, SIKUH BHOCUTH Y MIKPOCMYXXKOBY JIHIIO IIi-
JMHHUI pe30HaTop Yy ii eKkpaHyrouoMy mapi. BBakaemo, 1110 pe3oHaTOp y BUIVIAAI BiApi3Ka UIITHHHOI JiHIT
PO3TalIOBAaHO MEPIEHANKYIISIPHO Ta CHMETPUYHO Bici MiKpocMyskKkoBoi JiHil. Ha ocHoBI pobir [2, 8] pos-
paxoBaHO XBWJIbOBY MaTpHUIIO PO3CIIOBaHHS TaKOro pe3oHaropa y xiamasoHi mo 6 I'T'm. AmmutitynHo-
YaCcTOTHA XapaKTEepUCTHKA TAKOT'O PE30HATOPY BiANOBiAa€ XapaKTEPUCTHILI PEXEKTOPHOTo (iIbTpy, Yac-
TOTa 3arOPOKECHHS SIKOTO 3aJIeKUTh BiJ JOBXHHHU pe3oHaTtopy. Ha puc. 2 mokazaHi XxapakTepUCTHKH O/~
HOYHHX PE30HATOpPIB AOBXKHOW 12 i 14 MM. BXigHMii omip pe30oHaTOpiB Ha YACTOTax HIKYE PE30HAHCHOL
Mae IHIyKTUBHUHN Xapaktep, aHanoriuHo [10]. Ineero BUKOpHUCTAaHHS MIUTMHHUX PE30HATOPIB € BHCTPOIO-
BaHHS aMIUTITYAHO-4YaCTOTHOI XapaKTEPUCTUKU CMYTOIIPOIMYCKAIOYOTo (PiIbTpy 3 NOCHIICHHMM MPUAYIIEH-
HSIM 4acTOT y CMY3i 3aTrOPOIXKEHHSI.

[IpoBenemo anani3 GinbTpy Ha OCHOBI METOAY KiacH4HUX Matpuub nepeaadi — ABCD matpunp. Lle
OLIBII MPOCTHH CIOCIO, HIK HaNiBaHAIITHYHUI METO]] ONEPEYHOro pe30oHaHCy [2], X0 i MEHII TOYHHMH,
ase NpUAATHUH I MOMEPEHIX PO3PaXxyHKIB TaKUX NPUCTPOiB. CTpyKTypa QinbTpy (IOJTOBUHU CUMETPH-
YHOTO HPUCTPOIO) TIOKazaHa Ha pHc. 3. S1 i S2 — exBiBaJICHTHI CXeMHU LIUTMHHUX PE30HATOPiB, lj — Biapis-

KU Tepearoyoi JmiHii, J — CTHK JiHil 3 pi3HUM onopoM. LlinuHHMNA pe30HATOp MPEACTABIAETHCS K Mapa-
JeNTbHUN KOMMBAIBHIA KOHTYP, OCTIOBHO MPUEIHAHUM 10 JIiHiH nepenayi (puc. 4).
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{006 po3paxyBatu ¢inbTp, 3anuiemo Horo ABCD matpuiio, sk 100yTOK MaTpHIlb, 110 BU3HAYAIOTh
okpemi enemenTH QinbTpy. Cnovarky 3anumemo ABCD MaTpuiio MiIMHHOTO pe30HATOPY SIK HOCIiJOBHO
3’€IHAHUN IMIIEIaHC, SKUH MPEACTABISEMO MAPAICIHHOI KOMOIHAIIEI 1HIYKTUBHOCTI i eMHOCTI. Tak sik
MaeMoO JIBi IIJIMHU 3 KOXKHOTO OOKY (iJIbTpY, TO 3alUIIEMO iX MAaTPHULIO SIK 100yTOK ABOX MaTpHULb LIUTHH
Ta MaTpHLI Biapi3Ka JIiHii, sika po3TanioBaHa Mi>k HUMHU. MaTpuiis nepiioi napu pesonaropis [10, 11]
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HOT'O MaTepially Ta JaHol IIMPHHU CMYKKH J0piBHIOE 6,81, ¢ — MIBUAKICTH CBiTHA, Z( — XBUJIBOBHH OMIip
minii — 50 OM. Ly =2,43 ul'H, C; =0,432 n®d, Ly =2 ul'H, Cp =0,375 nd.

Ockinbky Ha IHIIOMY KiHII QiNbTPY Pe30HATOPU pO3TALIOBaHi y 3BOPOTHOMY MOPSAAKY, TO iX MaT-

puts Oynie BiIpi3HIATHUCH
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Marpuuro Bifpi3KiB JIiHiH 3 pi3HUM ONOPOM 3aIUIIEMO 5K
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ze {0 J — MaTpHL Nepexoay MK JiHISIMH 3 pi3HUM onopoM [11], 6o =Boly 1 03 =B3ly — enexTpuuHi
JOBXHHH JIIHIH ¢ ortopoM Zg 1 Z3 BiANOBLAHO, || =6,07 MM, By =P, I B3 €eff3 =7.79.

Kinnesa MaTpuis Mae BUTIISA
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YacToTHa XapaKTepUCTHKA MOAYJIiB KOedilli€eHTIB BIAOUTTA Ta mepemadi 300pakeHa Ha puc. 5. BHa-
CITIIOK 3pO0JIeHNX MPHUITYIeHb OTPUMaHI IPUOTN3HI XapaKTePUCTHUKH, SKi OyJH mepeBipeHi eIeKTpoarHa-
MIYHHM MOJIETTIOBaHHSAM Ha KOMEPIIHHOMY POTPaMHOMY 3a0€3eYeHHI Ta eKCIIepUMEHTAJIBHO.

2. ExcnepuMeHTAaJIbHE T0CTiTKeHHSI TPhoXceKuiliHoro ginbTpy

®inpTp Oyno Buroroeneno Ha Matepiani Rogers 3010 toemuHO0 0,635 MM 1 iENIEKTPHYHOIO MPO-
HUKHICTIO 32 MacnopTHUMH AaHuMH ¢=10,2. Ha puc. 6 HaBeaeHO 30BHILIHIM BUIIISII MakeTa (iIbTpY,
XapaKTEepUCTUKU SIKOTO BUMIpPIOBAIMCS Ha aHaNi3aTopi Kil. BuMiproBaHHS NpPOBOAMINCA y BiIKPHUTOMY
MIPOCTOPi, TOMY IO, SIK CBITYHUTH AOCBi/I, XapaKTEPUCTUKU NPU TaKUX YMOBaX He Ay)Ke BiIPi3HSIOTHCS Bif
XapaKTePUCTHUK, SIKi BUMIPIOIOTbCSA MPH PO3MILIEHHI (QiIbTPY HAa MeTaleBiii OCHOBI 3 NOPOXKHUHAMM TIiJ]
PE30HATOPH.
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Ha puc. 7 300paxkeHi TeOpeTUYHI XapaKTEPUCTHKH, SKI PO3PaxoBaHi eNEKTPOINHAMIYHUM MOJIEIIO-
BaHHSIM, Ta €KCIIEPUMEHTAJIbHI Pe3yJIbTaTh. BiAMiHHOCTI y XapakTepHCTHUKaX BUHUKIM BHACIIIOK HEBpa-
XOBYBaHHSI BTpaT y JiCNIEKTPUKY Ta 3MIiHOIO AieJIeKTPUYHOI NMPOHUKHOCTI Matepiany y HBY niamazowni
[12]. diama3oH miesieKTPUYHOO MPOHUKHOCTI 3MIHIOETHCS ISl LOT'O MaTepialy B 3aJIe)KHOCTI BiJl HALIPSIM-
Ky Ha yactorax HBY mianmazony Bix 11,0 no 12,1. Ilpu mepepaxynky Ha € =11,4 BiZMIHHICTB 110 PE30HAH-
CHHM YacTOTaM XapaKTEPUCTHKH 3MEHLIMJIACH, IO 300pa)keHo Ha puc. 3. Ane BUOpaHe 3HAYCHHS € BH-
SIBUJIOCH 3aBEJIMKHMM, EKCIIEPUMEHTAJbHI pe3yJbTaTH CBiAYaTh, 10 MPOHUKHICTH ONMXKYE 0 3HAYECHHS
e=11.
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Puc. 7. Teopemuuni (3a enekmpoounamiunoi meopii) ma eKCnepumMeHmaibHi Xapaxmepucmuxu inompy

BucHoBkH. J[oCTi/DKEHO 3alpONIOHOBAHY KOHCTPYKIIIIO CMYTOITPOITYCKAIYOT0 (MiTbTpy UeOHUIIeB-
CBKOTO THUITY, y SKOMY BHKOPHCTOBYIOTHCS BiJIPi30K JiHIT 3 MIITHHAMH Y €KPaHYIOUOMY ITapi MiKPOCMY K-
KOBOI JIiHIH Yy SIKOCTI PEKEKTOPHOTO BiNbTPy Y BEpXHiil cMy3i 3arOpPOIKEHHS 1 SIK €JIEMEHT CMYTOIPOITYC-
Katoyoro ¢ineTpy. Po3paxoBaHO Ta eKCIEPUMEHTAJIbHO IOCTIIKEHO TPHOXCTYHIHYacTUH QinbTp Ha
niana3on 2,0-3,6 ['Tu. OnwcaHi miaxoau JarTh MOMXIIUBICTh MOOYIOBU y3Tr0O/KYBAJIbHUX BHXIJHHUX JIAHOK
niacumosayie HBY 3 BUKOpHUCTaHHSAM IIUIMHHUX PE30HATOPIB B €KPAHYIOUOMY IIapi MiKPOCMY>KKOBOI
TiHii.
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