OOMiH NPaKTUYHUM JIOCBIJIOM Ta TEXHOJIOTIIMU

OBMIH ITPAKTUYHUM JOCBIJIOM TA TEXHOJIOTISIMHA
YOK 621.38
A.I'. MAPHHIY, M.®. BOTOMO.IOB

Hauionaneuuii TexHiunui yHiBepcuteT Ykpainu «KuiBcbkuil momitexHivnuil iHcTUTyT iM. Iropst Cikopebkoroy, M. Kuis

3ACTOCYBAHHSI MIKPOCMYXKKOBHUX CTPYKTYP B SIKOCTI ®LJIbTPIB B
MIKPOCUCTEMHIN TEXHIII

Anomauia. B naw uac € axmyanvbhe 3acmocy8anms MIKPOCMYICKOGUX CMPYKMYp, HpOme B0HU Malombv OesKi
obmedicentss wooo BUKOpUCAHHA. AKWO pO32IAHYMU 36UHAUHI MIKDOCMYHCKOGL NIHIT MO 60HU MAIOMb 0OMEdICeHH CMY2u
NPONYCKAHHS 3 MATUM IMREOAHCOM, HUZbKULL KOe@iyienm niOCUNeHHs, 6eIuKi po3mipu ma npobnemu 3 noaspusayiero. Ane nicis
yeniwnol peanizayii cmyeosux inompis, 6dce 8 HAWL YAC MIKPOCMYICKOBI CHMPYKMYPU SUKOPUCIOBYIONb OOCUMb WUPOKO.
Pesynomamu pobomu po3pobnuxis 6 yiii cany3i 3a008i1bHUNA 20106HI KPUMEPIT 3ACMOCYSBAHHA MAKUX CMPYKMYP, WO 040 3MO2Y
3HUBUMU YIH HA BUPOOHUYMEO Qinbmpis, 3MeHuleHHs IX po3Mipie ma 0ano 3M02y GUKOPUCHOBYBAMU iX Y WUPOKOCMY2080MY
dianasoni.B daniti cmammi npedcmagnena 0CHOBHA KOHYENYis 3ACMOCYBAHHS MIKPOCMYHCKOBUX CIPYKMYD 8 AKOCHI CMY208UX
Qinbmpis, a Makoxc NOKA3AHO 3ACMOCY8AHHA CMY208UX (DLIbMPI6 6 CYYACHUX MEXHONOZIAX Md 3aNpPONOHOBAHO MONOIOZII0
€cMY208020 Qinbmpy.
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APPLICATION OF MICROSTRIP STRUCTURES AS FILTERS IN MICROSYSTEM TECHNOLOGIES

Annotation - This paper presents the basic concept of the use of microstrip structures as bandpass filters, and
application of bandpass filters in modern technologies and proposes a bandpass filter topology.

In our time, microstrip structures are relevant, but they have some usage restrictions. When considering conventional
microstrip lines, they have bandwidth limitation with low impedance, low gain, large size and polarization problems. But after
successful implementation of bandpass filters, now microstrip structures are used quite widely.

The relevance of this topic determines such issues as the development of compact device sizes, their low cost and high
efficiency. For example, MW receiving and transmitting integrated modules having dozens or even hundreds of individual
Sfunctional nodes such as filters, amplifiers, directional splitters, adder, antennas, and the like. It should be noted that among the
large variety of frequency selective and control devices used in modern REA, band and broadband filters are most widely used. It
is known that band filters are a system of interconnected resonators, each of which, in turn, is a microstructure structure
executed, usually on a substrate with high dielectric permeability, the other side of which is completely covered with a metal
layer or with holes in it, the so-called screen or grounded base.

The results of the developers in this area satisfied the main criteria for the use of such structures, which made it
possible to reduce the prices for the production of filters, reduce their size and allow them to be used in the broadband band.
This article presents the basic concept of the use of microstrip structures as bandpass filters, as well as the use of bandpass
filters in modern technologies is shown and a strip filter topology is proposed. The given structure in the article is good in
application as bandpass filters, which is determined by the given characteristics. By selecting the optimal dimensions of the filter
topology, we can get good selective properties, reduce production costs, and widespread use in microsystem technology.
However, there are a number of factors that determine the errors in their implementation and production, in contrast to the
simulated parameters in the simulation systems of three-dimensional structures

Keywords: microstrip structure, bandpass filter , MW, REA

BCTYVYII. AxryanpHicTh JaHOI TEMM BH3HAua€ TaKi IHMTaHHSA SK pPO3poOKa KOMIIAKTHHX pPO3MIipiB
NpUCTpPOIB, iX Mayoi IiHKM Ta BUCOKOI edeKkTuBHOCTI. Hanmpukiaa, npuiiMaibHO-TIepeaaBaibHi IHTErpaibHi MOy
HBY TexHikH, IO MalOTbh AECATKH Ta HABITh COTHI OKpPeMHX (YHKIIOHAIBHMX BY3JIB TakuX SK: (QUIBTPH,
MiICWITIOBaYi, HampaBJeHI pO3rajyKyBadi, cymMaTopd, aHTeHH i T.n. Ciix 3a3HaYUTH 110, CEpell BEIHKOTO
PI3HOMAaHITTS YaCTOTHO-BHOIPKOBUX Ta KEPYIOUHX MPHUCTPOIB, IO BUKOPUCTOBYIOTHCSA B cydacHiii PEA HaiGinbme
3aCTOCYBaHHS MalOTh CMYTOBI Ta IIMPOKOCMYTOBI QinbTpHU. Bimomo, 1m0 cMyToBi GiTbTPH SIBJISIOTH COOOK0 CHCTEMY
B3a€MOIIOB’SI3aHUX PE30HATOPIB KOKEH 3 SAKUX, B CBOIO UEPry MPEACTaBIsE COO0I0 MIKPOCMYKKOBY CTPYKTYpPY
BHKOHAaHY, SIK MPaBWJIO, HA MiTKIAMAII 3 BHCOKOIO JICIEKTPUIHOIO MPOHUKHICTIO, APyra CTOPOHA SKOI TOBHICTIO
MTOKPHUTa METAIIEBHM IIapoM abo 3 OTBOpaMH Y HbOMY, TaKk 3BAHUM €KpaHOM ab0 3a3eMJICHOIO OCHOBOIO [1].

Puc. 1. Koncrpykuist MikpocMy:kKoBoi JiHii nepexaui
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Bukaax ocnoBHoro marepiany. Ha puc.l 300paskeHO 3arajibHy CTPYKTYpPY MIKpPOCMYKKOBOI JiHii. VY
texHini HBY gacto 3acTocoBylOTh BiIKpHTI (HEEKpaHOBaHI) MIKPOCMYXKKOBI pe3oHaTopu. BiachHa noOpoTHicTs Q)
6e3 expanysanns MIIP nopiBasHO HeBenuka: Q) = 200 (Ha wactoti | I'Tm) ams miaxmaaku 3 matepiany «Ilomikop»
(e =9.8) ToBumHOIO 1 MM, i O) = 400 y MIIP Ha migxmaami 3 matepiary TBHC &= 80 [ 2].

MoskHa BUIITUTH TPU OCHOBHI MEXaHI3MHU BTpaT, SIKi BU3HAYAIOTHh BJIACHY MOOPOTHICTH MiKPOCMYKKH:
OMIYHI BTpaTH B CMYXKIIi ITPOBITHUKA, TIEJICKTPUYHI BTpATH B IiIKIAAI Ta BTPATH HAa BUMPOMiHIOBaHHS. OCKIIBKH
3acTocoByBani y HBU-TexHilli MaTepianu MmifKIagoK MarTh Mali jgieneKTpuusi BTpatn (gd<l(0”, a BTpatn Ha
BHITPOMIHIOBAaHHS MOYKHa MIiHIMI3yBaTH, €KpaHYIOUHW MiKPOCMYKKOBI (iabTpu. OCHOBHUM MEXaHI3MOM BTpaT €
Mepmuid 3 TepepaxoBaHUX BHIIE TaK sK 30epekeHa pPE30HATOPOM EHEpris MpOoTopIlioHaIbHA YacTOTi, a
MOBEPXHEBUH OMIp MPOBIAHUKA 3pOCTa€ MPOIMOPLIOHANBHO KBAAPATHOMY KOPEHIO 3 YaCTOTH, TO y CMYTOBHX
pe30HATOPIB TOOPOTHICTH POCTE 3 YACTOTOIO MPONOPLIIHHO KBaJPaTHOMY KOPEHIO 3 HEf.

CunbHUH BIUIMB Ha BIAcHY JOOPOTHICTH MIKPOCMYXXKOBHX PE30HATOPIB HaJalOTh HEOJHOPIIHOCTI
NPOBIJHMKA, Taki SK mepenagy WUpuHU ado BUruHU. IIpy 1bomMy B OiiBLIOCTI BHIAJAKIB BOHH il 3MEHIIYIOTh, 1
TUIBKU TOJI, KOJIU TIPH BBEJCHHI HEOTHOPIHOCTI Oy/1e 3MEHITyBaTHCs (i3MYHa JOBXKHHA pPE30HATOpA, TOOPOTHICTH
Oy/ie 3pocTaTy 3a paxyHOK 3MEHIIEHHS BTpaT Ha BUIPOMiHIOBaHHS [1].

CeneKTHBHI BIACTUBOCTI TaKUX (QUIBTPIB BU3HAYAIOTHCS B MEPILY Yepry KoedillieHTaMi KPYTH3HU CXHJTIB
aMILTITYHO-9aCTOTHOI XapakTepucTukn AUYX mobim3y pobodoi cmyru mpomyckanus puc.2. Ili koedimieHTH
3aJekaTh Bil IIMPUHUA CMYTH TpPOIYyCKaHHS Af; BuMipsHOI 3a piBHeM -31b, i mmupunu cMmyr gactot Af; i Af),
BUMIpPSAHUX BiJ 4YacTOTH fj JO HHM3bKOYACTOTHOTO 1 BHCOKOYACTOTHOTO CXHUIIB Ha PiBHI Ly, Kpim TOTO,
CEJIEKTUBHICTH (DiIbTpa XapaKTePH3YETHCS TAKOXK BEITMYMUHOIO BTPAT Ly B CMY3i MPOMYCKAaHHS, PiBHEM IPUIYIICHHS
Lgi,p B CMyTax 3aropoi’KEHHs i LIMPHMHOK BUCOKOYACTOTHOI CMYTH 3aropoukeHHs Af ., K2 00MEXYETbCS IPYTHUH,
Mapa3uTHOTO, MPOIYCKHOO 3[aTHICTIO.
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Puc. 2. OcHoBHi napamerpun AUX ¢ijabTpa, 110 BU3HAYAKTH HOT0 CeJIeKTUBHICTH
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Puc.3. 300paskeHHsI TONOJIOTII 3aIPONIOHOBAHOI CMYT'0BOi CTPYKTYPH

ExcnepumenTanabhi pe3yiabTaT. [Ipn cTBOpeHI Ta BHBYEHHI HOBHMX KOHCTPYKWiH cemektuBHHX HBY
¢uTBTpiB, Tepen  KOHCTPYKTOpPaMH IIOCTAlOTh TOJIOBHI THTaHHS, SK IOKPAIIMTH IX CEJIEKTUBHI BIACTHBOCTI,
TiABAIINTH TEXHOJIOTIYHICTE BUTOTOBJICHHS TOMOJOTi (QiNBTPIB, Ta SMEHHIINTH iX po3MipH. OcoOIMBO BaXKIMBUM
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MIpU KOHCTPYIOBAHHI TakUX PE30HATOPHHX CTPYKTYp € BHOIp ()OpMH CMYroBHUX NPOBIJHUKIB , IO IO3BOJHTH
3MCHIINTH iX TabapuTu 0e3 MOTipIIeHHs X CEJICKTHBHHUX BJIACTUBOCTEH. B naHill cTaTTi OMUCAHO BUKOPUCTAHHS
CMYTOBOTO (iTBTPY Ha JBOX OKPEMHX PE30HATOPAX, 3 MICIEKTPHIHOIO MIPOHUKHICTIO € = 80 Ta TOBIIMHOIO /1=1 MM.
lonoBHa imes po3poOKU IMONIATa€ B 3MCHIICHHS Ta0apHTIiB MIKPOCMYKKOBHUX CTPYKTYp Ta IOKPAIICHHS iX
CCJICKTUBHUX BJIACTUBOCTEH. J[aHA CTPYKTypa Ma€e TOIOJIOTIIO, [0 Ma€ PiBHY CUMETPI0 B3JIOBXK FOPU3OHTAIBLHOL
0ci, Ta peai3oBaHa Ha TPHOX Pe30HATOpaX MPEACTABICHUX Ha pUC.3.

Jlis HanmamTyBaHHS CMYTH MPOIMYCKaHHS C(hOPMOBAHUMH HEOJHOPIMHOCTSIMHU MOTPIOHO TaK ONTUMAIIEHO
migiOpaTé B3a€MOIII0 PE30HATOPIB B (QiIBTPI, IO MPH [[FOMY IIHPHHA W Ta JOBXKHHA / OKPEMHUX BiJIPi3KiB KpanHiX
pe3onaropiB Oynme Biapi3HSATHCS MK coboro (w; = w, Ta [, # 1; ). Takok NOBHHHI BIAPI3HATHCS pPO3MipH
LIEHTPAIILHOTO PE30HATOPA BIJHOCHO CYCIJIHIX PE30HATOPIB Ta JOJATKOBO MOTPIOHO IX BUTATHYTHU SK ITOKa3aHO HA
puc.2.

[Ipu HamamtyBaHHI QiNbTpa 3 BIIHOCHOIO CMYTOI0 TpoiryckaHHS Af/fy =20%, #oro po3MipH CKIamaloTh B
m™m : [=18.7, ta L,=11,8, Ix=19, Ix;=11.8, lc=6.0, w=3.1, w;=0.8,w,=1.6, w,=2.2, w,;=0.8, §=1.3, cymimeHHs
HeHTpaIbHOTO pe3onatopa x=1.0. Po3paxoBaHa 3a JOMOMOTOI0 CHCTEMH aHaNi3y TPhOXBHMIPHOIO MOJIEIIOBAHHSI
AUYX dineTpy npenacrariena Ha puc.4.

BucHoBKH. 3rilHO XapaKTePUCTHK IO HaBeJeHI Ha puc.4  Ha CMY31 IPOMYCKAHHS CIIOCTEPIra€ThCsl JIB1
cmyru 3atyxanHs HBY moTyxHOCTi, sKi 3Ha4HO 30UIBIIYIOTH MPSMOKYTHICTH  1i BHCOKOYACTOTHHH Ta
HU3bKOYACTOTHHUX CXIJI XapPaKTCPUCTUKH.

L. R.ab (a)

- 1 ]
800.8 0.9 1.0 1.1 1.2

J.I'T'u
Puc.4. AUX cmyrosoro ¢iabTpa (a) Ta ii pparmenr (6)

TakuM 4MHOM IpeJCTaBICHUH CMyroBuil (iabTp Ha MiJKIAALI 3 AIEIEKTPUYHOIO MPOHUKHICTIO & = 80
SIBJIIE COOOI0 OKpeMi PO3IOAiIEHI CMYTOBi MPOBITHUKH. BHCOKI CEEKTHBHI BJIACTUBOCTI MOSICHIOIOTHCS OJIM3BKAM
pO3TalIyBaHHIM IIECTH PE30HATOPIB 110 300paXkeHi Ha TOIOJIOTII.
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