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AHHOMAaYus — NccnefoBaHbl ABYX3BEHHBIE MUKPONONOCKO-
BbIE CEKUMM Ha OCHOBE DPE30HATOPOB C PEXEKTUPYIOLMMK
wnendamu. OGunbTP, MONYYEHHbLIA KackagHbIM COEAMHEHUEM
TaKUX CeKUUit, UMEET NOBLILUEHHYIO CENeKTUBHOCTD.

. BBegeHue

MwukpononockoBble ¢unbTpbl (MMN®), 3HaunTENbHO
npeeBocxoas no  mMacco-rabapuTHbiM  nNapamertpam
PunbTPLI Ha ApYrMX TUNax Pe3oHATOpPoB, YCTynaloT no-
CNEAHUM NO CBOMM 3NEKTPUYECKMM XapaKTepucTukam.
CBA3aHO 9TO, KaK XOpOWO W3BECTHO, C Bonee HW3KON
cobcTBeHHO A0BPOTHOCTBIO MUKPOMOMOCKOBbLIX Pe3o-
HaToOpOB NO CPaBHEHWIO C APYrMMU TUNAMWU 3MNEKTPOAK-
HaMUYeCKMX pe3oHaTopoB. ATO OBCTOATENBLCTBO HE Mo-
3BONAET NOBbIWATE CenekTuBHocTL MIN® npocTbiM yBe-
NYeHnem Yncna 3BeHbEB B HEM, Tak Kak Npu 3TOM ypo-
BE€Hb NOTEepb B NOMOCE NPONYCKaHWsA MOXET MPEeBbICUTh
fonycTuMbiv. Mo3TOMy akTyanbHbiM SABNSETCA NOMCK
anbTepHaTUBHbLIX NOAXOAOB K MOBLILEHUIO CENEKTUBHO-
ctn MNP,

B Hactosieit paboTe ONUCHLIBAIOTCA ABYX3BEHHbLIE
MWUKpPONONOCKOBLIE CEKLIMW, COCTOALUME U3 PE30HATOPOB
C PeXEKTUPYIOLWUMN wnendamy, n ¢unbTp, nonyyes-
HbIA UX KackafHbIM coeanHeHuem. Kak okasanocs, Kpy-
TU3Ha CKMOHOB aMMUTYAHO-YaCTOTHON XapaKTepPUCTUKN
(AYX) Takoro cunbTpa CyLIECTBEHHO BhIWE, Y4eM Y
06bIYHOrO YeTbipex3eeHHoro MIMd.

Il. OcHoBHasA YacTb

Tonosnorus NPOBOAHUKOB SBYX3BEHHON MUKPONONOC-
KOBOW cekLum chunbTpa nokasaHa Ha puc. 1. OHa cocTo-
UT U3 MONYBOMHOBLIX MWUKPOMONOCKOBLIX PE3OHATOPOB
(MMNP), umetowmnx opmy LUNUMBbKK, BHYTPU KOTOPLIX K
LEHTpanbHON 4acTi NOAKMIOMEHbl  PEeXEKTUpYIoLLne
wnendbi. CooTBETCTBYIOWEA HACTPONKOA YacToT pe-
Xekunn (T.e. Boibopom napameTpor Lwinendos), MOXHO
CYWECTBEHHO yBENUYNUTL KPYTU3HY cknoHa AYX, a, cne-
A0BaTENbHO, N CENEKTUBHOCTb unnbTpa.
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Puc. 1. Tononorus NpoOBOAHWKOB [BYX3BEHHOI
MUKPONOOCKOBOW cekLMn

Fig. 1. Conductors pattern of two-resonator mi-
crostrip section.
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Ha puc. 2 npuBeaenbl AYX OBYX3BEHHLIX CEKLMIA C
YBESIMYEHHON KPYTU3HON HMU3KOYACTOTHOIO U BbICOKO-
YaCTOTHOrO CKNOHOB COOTBETCTBEHHO. TOMKAMU Mnokasa-
Hbl 3KCNEPUMEHTamNbHbIE AAHHbIE, CMMOWHON NUHUEN —
paccunTaHHbIE Ha OAHOMEPHbLIX MOAENAX, COCTOALLMX U3
nocneaoBaTensHo COeAWHEHHBIX OTPE3KOB OAWHOYHBLIX
W CBA3AHHbIX NMHWA, NapaMeTpbl KOTOPbLIX PaccynTLIBa-
nvuce B kBasuctatuieckoM npubnuxenun [1]. Obe cek-
LW BbINOMHEHEI Ha Nnoanoxkax u3 TEHC (e=80) Tonwm-
HOM 1 MM. KOHCTPYKTUBHbIE NapameTpbl B COOTBETCTEMN
¢ oboaHaueHuamn Ha puc.1 Bbinu crieagyowmmn. ns
nepBov cekunu: [=8.5 MM, [,=7.5 MM, Wi=2 MM, Wa=2.4
MM, W3=0.6 MM, W4=2.35 MM, S=0.64 MM, di=1.5 Mmm,
&=1.5 MM, [=5.75 mm. Ons BTOpOI cekumm: L=9 mm,
1,=7.1 MM, W1=2 MM, Wo=2.02 MM, W3=0.6 MM, Ws=2.02
MM, 8=0.71 mm, d1=0.3 MM, db=0 MM, [,=5.65 Mm. Bugo,
4TO MMEeeTCA XOpolee cornacue TEeopuu U IKCnepu-
MEHTa, UuTO MO3BONAET MHTErPUPOBaTh TAKUE KOHCT-
PYKLUM B CUCTEMbI aBTOMATUYECKOTO MPOEKTUPOBAHUS
[2].
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Puc. 2. AYX gByX3BEHHbIX MUKPOMOMOCKOBBLIX CEX-
LUMA C yBEIMYEHHOMW KPYTU3HON HU3KOYACTOTHOTO
(BepxHuMM rpacthvk) U BLICOKOUACTOTHOIO  (HUXKHUIA
rpacnk) CKIOHOB.

Fig. 2. Frequency response’ of two-resonator mi-
crostrip sections with increased steepness of low-
frequency (top) and high-frequency (down) slopes.
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Puc. 3. AUX cunbTpa, NONy4eHHOro KackagHbiM
COEANHEHWEM JABYX3BEHHbIX MWKPOMONOCKOBLIX
CEKLMI, LTPUXOBAHHAA nuHusi. CnnowHas nmHus
— AYX 0BbIYHOrO YeTbIpex3BEHHOTO hunbTpa.

Fig. 3. Frequency response of filter obtained by
cascade connection of two-resonator sections,
dashed line. Solid line is frequency response of
usual four-resonator filter.

Ha puc.3 wrpuxoBaHHO NuHMen npuBeaeHa AYX
hunbTpa, NONYYEHHOro KackafAHbIM COEAUHEHUEM Bbi-
LIEONMCaHHbIX ABYX3BEHHbIX cekumit. KackagHoe coeau-
HEeHWEe CEeKLIMA OCYLLECTBIIANOCH C MOMOILLI0 peakTvB-
HOW CBA3M, 0Opa30BaHHOW MNOCKMUM KOHAEHCATOPOM,
emkocTbio 0.7 n® n 0Tpeskom NPOBOAHWKA AJIMHOR 5 MM
n anametpom 0.3 mm. KoHageHcatop oaHoW obknaakoi
npunamsanca HEenocpeaCcTBEHHO K PEe30HAToOpy OAHOW
cexkuun, a BTopoi oBknanko 4epes BbilleyNnOMSHYTbIN
NPOBOAHUK COEAUHANCA C Pe30HATOPOM BTOPOW CEKLUN.
MNpn atom cekumy ObINM pasgeneHbl MeTannIUUEcKUm
3kpaHom Ans ocnabneHnust 3NeKTPOMarHUTHOro B3anumo-
DENCTBUA Mexay HUMK. [InA cpaBHEHWUs CMOLHONA Nu-
HAEN Ha 3TOM Xe PUCYHKe NpuUBEAEHa pacdeTHaa AYX
0BbIYHOTrO YETHIPEX3BEHHOMO (UMNbTPa Ha LWNUMALKOBBIX
pesoHaTopax. XOpoLO BUAHO, YTO KPYTU3HA CKMOHOB
AYX, a cnepoBatenbHO U CENEKTUBHOCTL, Y Uccrneaye-
MOro unbTpa CyLWEeCTBEHHO Bblwe. Kak nokasbiBaloT
OLeHKkHU, ANs Toro, YTobbl A0CTUYL NOgOBHON cenekTue-
HocTu y MII® 6e3 wneicoB, HeobXxoaMMO UCMONbL3O-
BaTb He MeHee BOCbMU pe3oHaTopOoB, Npu 3TOM NOTEpK
B NONOCE NPOMycKaHUA BO3pacTyT MUHUMYM B ABa pasa.

Wccneposanuck v Takne ABYX3BEHHbLIE KOHCTPYKLMUM
Ha pe3oHaTopax co wnewndamn, y KOTOpbIX pexekuus
ocywecTensanace Ha obounx cknoHax AYX. [ins HUX Toxe
nony4yeHo xopoLuee cornacue Teopun U IKCNepUMeHTa.

Cnenyet oTMeTWUTb, YTO NOAOGHBbIE e pesynbTaTbt
MONYYEHbl U C WUCMONbL30BAHUEM MOMMKOpa B KadyecTse
Matepuana ans noasoxek.

Hl. 3aknoueHue

UccneposaHa MUKPONONOCKOBas Cekuus, obpaso-
BaHHaa [OBYMA pe3oHaTOpaMu C pexXekTUpyroLmmu
wnengamMn, NOBLILLGIOWMMKU KPYTU3HY CKNOHOB AYX
cekumu. [MokasaHo, 4TO UNLTP, NONYYEHHbIN Kackaa-
HbIM COEJMHEHWEM ABYX YNOMSHYTbIX CEKUMW, uMeeT
CENEeKTMBHOCTb 3HaYnTenbHo Gonbilyio, Yem OObIYHbINA
MUKPOTIONMOCKOBBIN YEThIPEX3BEHHBIA ChUNBLTP.
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Abstract - two-pole micro-strip sections based on resona-
tors with rejecting stubs are investigated. Filter obtained using
cascade connection of such sections has an increased selec-
tivity.

I. Introduction

In the present work we describe two-pole micro-strip sec-
tions consisting of resonators with rejecting stubs, and filter
obtained using their cascade connection. The slope steepness
of the frequency response (FS) in such filter appeared to be
much higher, than in usual four-pole MSF.

Il. Main part

The topology of conductors of two-pole micro-strip section
is shown in Fig. 1. It consists of half-wave micro-strip resonators
(MSRY), having the hairpin form, inside which rejecting stubs are
connected to a central part. By appropriate set-up of rejection
frequencies (i.e. choice of stub parameters), it is possible to
increase essentially a steepness of FR slope, and, therefore,
selectivity of a filter.

In Fig. 2 FS of two-pole sections with an increased steep-
ness of low frequency and high-frequency slopes accordingly
are represented. The points show experimental data, the solid
line is calculated using one-dimensional model consisting of
sequentially connected segments of single and coupled lines,
whose parameters were calculated in quasi-static approxima-
tion [1]. Both sections are made on substrates of TBNS ceram-
ics (e = 80) of 1 mm thickness. The design data in correspon-
dence with the designations in Fig.1 were the following. For the
first section: I, = 85 mm, I, = 7.5 mm, W, =2 mm, W, = 2.4
mm, Wz = 0.6 mm, W, = 2.35 mm, S=0.64 mm, d; = 1.5 mm,
d> = 1.5 mm, . =5.75 mm. For the second section: [, = 9 mm, I
=71 mm, W, =2mm, W, =2.02 mm, W3 = 0.6 mm, W, =2.02
mm, §=071mm, d,=0.3mm, db=0mm, [ =565 mm. ltis
obvious that there is a good agreement between the theory and
experiment, that allows to integrate such constructions in sys-
tems of computer aided design [2].

In Fig.3 the dashed line indicates the FR of a filter obtained
using cascade connection of above described two-pole sections.
The cascade connection of the sections was realized using reac-
tive link made of the plane condenser, 0.7 pF capacity, and wire
segment, 5-mm length and 0.3 mm diameter. The condenser was
soldered directly to a resonator of the first section by one of its
faces, and through the above-mentioned wire it was connected to
a resonator of the second section by the second face. A metal
shield divided the sections in order to weaken electromagnetic
interaction between them. For a comparison the solid line on the
same figure indicates the calculated FR for a usual four-pole filter
based on hairpin resonators. It is obvious that the steepness of
FR slopes, and consequently the selectivity, of the researched
filter is much higher. Evaluations have shown that for achieving of
similar selectivity in MSF without stubs it is necessary to use not
less than eight resonators, but the losses in a pass-band will
increase that way as a minimum twice.

Also such two-pole constructions with rejecting stubs in
which rejection was on both siopes of FR were investigated. For
them the good agreement of the theory and experiment was
obtained too. It is necessary to note that similar results were
obtained using polycor as a material for substrates.

Itl. Conclusion

The micro-strip section formed by two resonators with re-
jecting stubs, increasing the steepness of FR slopes, was in-
vestigated. It is shown that the filier obtained by a cascade
connecting of two mentioned sections, has selectivity consid-
erably higher than that for usual micro-strip four-pole filter.
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