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Annomayun: B cmamee npednazaemcs anbmepHAmueHulli Memood HPOeKMupoBanus
MUHUANIOPHBIX 80THOBOOHLIX PUILIMPOE HA OCHOGE JIOKANLHO PE30OHAHCHBIX Memama-
Mepuanos, a Makdlice peaiusayus CGePXMANbIX MemamamepuaibHuix Guibmpos (me-
maghuabmpuvl) ¢ UCNOIL308AHUEM MEXAHUBMA CYOBOIHOBO20 HANPAGLEHUS 8 NOABIX B0l
HOB00aX, HAZPYICEHHbIX HeOOMbWUMU pe3oHamopamu. B uacmuocmu, ucnonv3yomes
KOMNO3UMHble Wmblpegble B0IHOB00bl, NOCMPOEHHbIE U3 NONO0U MEMANIU4ecKou mpy-
Obl, HA2PYIHCEHHOU HAOOPOM PE30HAHCHBIX WMbIPEll, KOMopble pA3HeCeHbl Ha 21y00KuUe
€y6601HOBbIE pACCMOAHUA. B maxux cmpykmypax MHO20KpAmMHoe pe3oHaAHCHOe pacces-
HUe NPUBoOUm K 803HUKHOBEHUIO CY6-A MOObI C HACMPAUBAEMOT NOAOCOU NPONYCKAHUA
HUdICe UHOYYUPOBAHHO20 2UOPUOUIAYUOHHO20 3a30pa. Umobbl eapanmuposams coéme-
CMUMOCMb € CYWEeCMBYIOWUMU MEXHOIOSUAMU, NPEONoAHCeH CYOBOIHOBON MemOO CO-
2N1ACOBAHUA HEOONLULUX UILINPOE CO CIMAHOAPTHBIMU BOIHOBOOHBIMU UHMEPDelicamu,
KOMOpble MOACHO HA36AMb MEManopmom. Pacuemul npouseoounucy ¢ nomMouybio cpeobl
KOMNblomepHo2o agmomamusuposanno2o npoexkmupoganus CST Studio.

KJllolleBble ciaoea: memamamepuaisvl, Memanopm, Cy660]2H06012 Memod co2cnacoearul,
CST Studio.
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1. BBenenue

3a mocjenHuEe HECKOJBKO JIET pPa3BUTHE CITyTHUKOBBIX CHUCTEM CIIEIYIO-
IIeT0 MOKOJIEHUs, TAKUX KaK HaAHO- U MUKPOCITYyTHUKH, CTUMYJIMPOBAJIO MOUCK
MUHHMATIOPHBIX MHKPOBOJIHOBBIX U MM-BOJHOBBIX CHCTEM. MUKpPOBOIHOBBIE
(GUIBTPBL  SBISIOTCS. OCHOBHBIMU ~ CTPOMTENBHBIMH  OJIOKAMH — ITaCCHBHBIX
YCTpPOMCTB, KOTOPBIE, KaK MPaBUJIO, OCHOBAHBI HA MHUKPOIIOJIOCKOBBIX, JUAJIEK-
TPUYECKHUX, KOAKCHAIBHBIX W BOJIHOBOAHBIX TEXHOJOTHAX. BOIHOBOIHBIE
GUIBTPBL SABIAIOTCS HMICATBHBIM PELICHUEM Ui KOCMHUYECKHX HPHIIOKEHHUN
Onarojapsi HU3KUM TOTEPSIM DHEPTHH M BO3MOXKHOCTH 00pabOTKH OOJbIION
MOIITHOCTH 03 orpanmdeHus 9acToThI [1]. OCHOBHBIM HETOCTATKOM BOJTHOBOI-
HBIX (IIBTPOB SIBIIAECTCA MX OOJIBITON 00BEM W OOJIBIION Bec M3-3a pa3MepoB
00pa3yIoIUX X BOJHOBOAHBIX IOJIOCTEH, KOTOPBIE HANPSMYIO 3aBHCAT OT pa-
Oouell AMUHBI BOMHBI (A). DTH MOJIOCTH COCIUHSIOTCS C MOMOIIbIO Tuadparm B
E- mmm H-tutockocTy, 3arimymiek win ctoek [2—4]. Cpeny pa3mudHbIX TOIBITOK
clenaTh MHUKPOBOJHOBBIE (DUIBTPHI MEHbILIE, KOAKCHaJIbHbIE KOMOMHHUPOBAaH-
Hble GunbTpsl [4] 1 ¢uneTpel Ha BomHOBOAE [5—10] 3apexomennoBamu ceOs
KaK KOMIIaKTHbIE MHKPOBOJIHOBBIE (HIIBTPBI I KOCMHUYECKOT'O MPUMEHEHUS,
COOTBETCTBEHHO, C KOaKCHAJIbHBIM M BOJHOBOJHBIM HHTepdeiicamu. MeTtama-
TepUabl — 3TO HCKYCCTBEHHbBIE BOJIHOBBIE CPEAbl, CTPYKTYpHUPOBAaHHBIE Ha
CyOBOJIHOBBIX MaciiTabax, B KOTOPBIX KOJJIEKTUBHOE JIEHCTBUE COCTABIISIOIIMX
3JIEMEHTOB (METa-aTOMOB) BBI3bIBA€T A(PQEKTHBHBIC CBOWCTBA, HE BCTpPEUAlO-
iecs y MPUPOIHBIX MaT€pPHAJIOB.

2. Teopus

Mozens METaBOJIHOBOAA COCTOUT M3 ABYX IPSIMOYTOJIBHBIX BOJIHOBOJZIOB
pPa3HOro CeYeHUsI; B BOJIHOBOJIC MEHBIIIETO CEUCHHS HAXOJSTCS METAJUIMIEeCKUe
WITBIPU BbICOTOM h,, pagmycom r u mepuoaumdnocthio a. IlTeipu KacaroTcs
TOJIBKO HW)KHEH CTEHKH BOJHOBOJAA M PE30HMPYIOT, Koraa Ny mpulimxaercs K
COCTOSIHUIO YETBEPTH UIMHBI BOJIHBL. J[JI peryiupoBKH KPUTHYECKOH 4acTOTHI
fo = ¢/2W moxxHO MeHsTh mmpuHy BosHOBOAa W, coxpansisi (MKCHPOBAHHYIO
BBICOTY BOJHOBOAa h = 9,52 MM, YTO COOTBETCTBYET BBICOTE CTaHIAPTHOTO
BoHOBogia WR75. Cranmapt WR75 mmpoko ucmonb3yercsi B CHCTEMaX CITyT-
HUKOBOW cBs3u B aumama3zoHax X u Ku gmamazomax (10—18 I'T'm). 3naueHue
napaMerpa hy = 5 MM, 4TOOBI IITHIPH PE30HUPOBAIH B LIEJICBOM JHAla30He Ya-
crot (fr = 15 I'T). Ilpeanonaraem, 4To auamerp IThIps 2r coctapiseT ot 0,5
70 1 MM, 94TO OIM3KO K MHHAMAIILHON TOJIIMHE, KOTOpas MOXeET ObITh oOecrie-
YeHa METOJIOM CEJEKTUBHOIO JiazepHoro IuaBieHus (SLM) ¢ ucnonszoBannem
AIFOMUHHUEBOTO cIuiaBa ¢ HU3kumu norepsamu AlSilOMg, B cooTBeTCTBUM C CO-
BPEMEHHBIMH TEXHOJOTMYECKUMH CTaHIapTaMH.



%DOBNOVA V. P. et al. Band-Pass Filter on a Metzilwaveguide 355
JIOBHOBA B. I1. u zip. [ToiocHO-IIpOIyCKAOIIHi (GHUIBTP Ha METABOJIHOBO/IE

UtoObI MOTYYHUTH OMMyCTUMOE COTIIACOBAHUE MMIIEIaHCA B TIOJIOCE MPO-
MyCKaHWsI TIEPBBIM W TMOCIEAHUN IITHIPU (UIBTPA BCTABJISIFOTCS HAa TPAHUIIC
MEX]ly JBYX BOJHOBOJOB. CoriacoBaHME MOXKET OBITH YIyYILEHO elle OOoJbIe
MTyTeM pa3padOTKA KOMIAKTHBIX METallOPTOB.

Ha puc 1 mokasana cxema IOJIOCHO-TIPOIYCKAIOIIETO (MIBTPA B JIBYX
npoeknusax. B tabmure 1 mpeacTaBieHbl pa3Mepbl OJJUHOYHOTO (BUIIBTPA.

Ha puc. 2 npencraieHa aMIUIUTYJHO-4YaCTOTHAsI XapaKTEPUCTUKA OJIU-
HOuHOTO (mibTpa. Ha rpaduke crutomHoi muHHEH H300pakeH KOI(PGHUITUEHT
MPOXOKACHUS Sp1, MyHKTUPHOU JINHHEH KOO DUIIMEHT OTPasKEHHS Sy;.
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Puc. 1. Cxema MOI0CHO-TIPOMYCKAIOMIETo (HIBTPA.
Fig. 1. Scheme of the bandpass filter

Tab6mumna 1 — Table 1

a, b, c, d, e, s, p, rr, rp, m, | hp, | hr, o, k,
mm| mm|mm|{mm|mm|mm|mm|mm|mm|mm|mm| mm|mm| mm

19.05( 9 35| 15 7 (675 15|03 |05 ]952| 35 |515]| 35 | 15

Kak BumHO u3 rpaduka, pesoHancHas wactota ¢uierpa f=12,15 I'T,
nobporHocTh Q = 20. Takum 00pa3oM Ha JaHHOUN TOMOJOTHMH MOXXHO CHHTE3H-
poBaTh GUIBTPHI O0Jiee BEICOKOTO MOPsAKA.



356 Electronics, photonics, instrumentation and communications
DeKTpoHHKa, (POTOHHKA, IPUOOPOCTPOCHHUE U CB3b (2.2)
ISl aB T T T T {\ T
5 i' E
| i _
-10 !!
_ / i \ |
15 § \
=20 // E \
25 /! ' \
e R
-30 // /
-35 —-—-|S11[]
i —]S21|]
40 . ; i ——

112 114 11,6 118 120

122 124 126 128 f, Ty

Puc. 2. AMIIIUTY THO-4aCTOTHAA XapaKTEPUCTUKA ITOJIOCHO-IIPOITY CKAIOLIET0 (GUIbTPa
C OJJHUM PE30HAHCHOM.

Fig. 2. Frequency response of a band pass filter

with one re

sonant

Ha puc. 3 u 4 npeacraBieHbl 3aBUCHMOCTH YaCTOTBI OT FEOMETPUIECKIX
pasmepoB. Tak, npu yBenuveHHH napamerpa NI — BBICOTBI IITHIPS — Pe30-
HaHCHAs YacTOTa CMEIIaeTcsl B 00JIaCTh HUJKHUX YaCTOT, a JOOPOTHOCTH YBEIHU-
yuBaeTcs. Takoil xe 3¢ ekt HabaroaeTcs Npy yBEIMYEHUH IapameTpa IT.
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Fig. 3. Dependence |S11| on the frequency
when changing the parameter hr
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Janee ObUTM CHHTE3WPOBAHBI MOJIOCHO-TIPOITYCKatOIe (PUIBTPHI BTOPO-
ro, TPETLECro U 4YC€TBECPTOro HOpsaKa. Ha puc. 5 OpEACTAaBJICHBI aMILJIMTYAHO-
YaCTOTHBIC XapPAKTCPUCTUKN CUHTC3UPOBAHHBIX (I)I/IJ'ILTPOB.
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Puc. 5. AMIIIUTY THO-4aCTOTHBIE XapaKTEPUCTUKH CHHTE3UPOBAHHBIX MOJIOCHO-IIPOITY CKAFOIINX
(GHUIBTPOB BTOPOTO, TPETHETO U UETBEPTOTO MOPSIIKA.

Rice. 5. Amplitude-frequency characteristics of the synthesized band-pass filters of the second,
third and fourth order

3. 3akiIouyenune

B nmanHOi paboTe NMpoAEMOHCTPUPOBAHO NMPUMEHEHHUE JIOKAIbHO Pe30-
HAaHCHBIX METaMaTEpHajoB Ul CO3JaHHs METaMATEPHAIBHBIX BOJHOBOIHBIX
¢unbTpoB (MeTaQUIBTPOB), COBMECTUMBIX CO CTaHJAPTHBIMH BOJHOBOJHBIMU
uHTepdericaMy 1 UMEIOIIUX 3HAYUTEIIFHO MEHBIIIME Pa3MepPhl U BEC 10 CpaBHE-
HHUIO C CYLIECTBYIOIIMMU pemeHussMU. KoHIenus Takxe cCoBMeCTUMa C Mepu-
OJIMYECKHUM U CITyHYallHBIM PACIOJIOKEHUEM PE30HATOPOB U PA3IUYHBIMHU THUIIA-
MU TIOpTOB. IloKa3zaHa BO3MOYKHOCTh CHUHTE3a M NAJbHEUIIEro MpOU3BOJACTBA
MOJIOCHO-TIPOITY CKAIONIUX (PHUIIBTPOB CTAPIIUX ITOPSIIKOB.
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Abstract: This article proposes an alternative method for designing miniature wave-
guide filters based on locally resonant metamaterials. Implementation of ultra-small
metamaterial filters (metafilters) using the subwavelength direction mechanism in hol-
low waveguides loaded with small resonators. In particular, composite pin waveguides
are used, constructed from a hollow metal tube loaded with a set of resonant pins that
are spaced over deep subwavelength distances. In such structures, multiple resonance
scattering leads to the emergence of a sub-A mode with a tunable bandwidth below the
induced hybridization gap. In order to guarantee compatibility with existing technolo-
gies, a subwavelength method of matching small filters with standard waveguide inter-
faces, which can be called a meta-port, is proposed. Calculations were performed using
the CST Studio computer-aided design environment.

Keywords: metamaterials, metaport, subwavelength matching method, CST Studio.

For citation (IEEE): V. P. Sdobnova, A. S. Makhno, and S. V. Krutiev, “Band-Pass
Filter on a Metawaveguide,” Infocommunications and Radio Technologies, vol. 5, no. 3,
pp. 353-360, 2022, doi: 10.29039/2587-9936.2022.05.3.26. (In Russ.).

References

[1] V. Boria and B. Gimeno, “Waveguide filters for satellites,” IEEE Microwave Magazine,
vol. 8, no. 5, pp. 60-70, Oct. 2007, doi: 10.1109/mmm.2007.903649.

[2] G. L. Matthaei, B. Schiffman, E. Cristal, and L. Robinson, Microwave Filters and Coupling
Structures. New Jersey, U.S. Army electronics research and development laboratory, 1963.

[3] C. Kudsia, R. Cameron, and W.-C. Tang, “Innovations in microwave filters and multiplex-
ing networks for communications satellite systems,” IEEE Transactions on Microwave The-
ory and Techniques, vol. 40, no. 6, pp. 1133-1149, Jun. 1992, doi: 10.1109/22.141345.

[4] R.Levy andS. B. Cohn, “A History of Microwave Filter Research, Design, and Develop-
ment,” |EEE Transactions on Microwave Theory and Techniques, vol. 32, no. 9, pp. 1055—
1067, Sep. 1984, doi: 10.1109/TMTT.1984.1132817.

[5] G.F. Craven and C. K. Mok, “The Design of Evanescent Mode Waveguide Bandpass Filters
for a Prescribed Insertion Loss Characteristic,” IEEE Transactions on Microwave Theory
and Techniques, vol. 19, no. 3, pp. 295-308, Mar. 1971, doi: 10.1109/tmtt.1971.1127503.

[6] 1. V. Lebedev, Technique and microwave devices. Vol. 1. Moscow: Vysshaya Shkola, 1970.
(In Russ.).



360 Electronics, photonics, instrumentation and communications
DeKTpoHHKa, (POTOHHKA, IPUOOPOCTPOCHHUE U CB3b (2.2)

[7] V.V.Zemlyakov, G. F. Zargano, and S. V. Krutiev, “Waveguide bandpass filter on com-
plex resonance diaphragms,” Journal of Communications Technology and Electronics,
vol. 60, no. 12, pp. 1305-1310, Dec. 2015, doi: 10.1134/s1064226915110170. (In Russ.).

[8] G.F.Zargano, V. V. Zemlyakov, S. V. Krutiev, and A. B. Kleschenkov, “Waveguide quasi-
elliptic filter on complex resonant diaphragms,” Fizicheskiye osnovy priborostroyeniya,
vol. 8, no. 1, pp. 47-54, Mar. 2019, doi: 10.25210/jfop-1901-047054. (In Russ.).

[9] V. V. Zemlyakov, G. F. Zargano, S. V. Krutiev, and M. Yu. Tyaglov, “Electrodynamic
Analysis and Synthesis of an Elliptic Filter Based on Complex Resonant Irises in a Rectan-
gular Waveguide,” Radiophysics and Quantum Electronics, vol. 61, no. 12, pp. 915-923,
Jun. 2019, doi: 10.1007/s11141-019-09947-0. (In Russ.).

[10] V. Zemlyakov, S. Krutiev, M. Tyaglov, and V. Shevchenko, “A design of waveguide elliptic
filter based on resonant diaphragms with a complex aperture,” International Journal of Cir-
cuit Theory and Applications, vol. 47, no. 1, pp. 55-64, Oct. 2018, doi: 10.1002/cta.2566.

Information about the authors

V. P. Sdobnova, employee of South Federal University, Rostov-on-Don, Russian Federation.
A. S. Makhno, employee of South Federal University, Rostov-on-Don, Russian Federation.
S. V. Krutiev, employee of South Federal University, Rostov-on-Don, Russian Federation.



