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AHHOMauus — MNoka3aHa BO3MOXKHOCTb MNOBLILUEHWS M30n-
paTensHOCTU U YBENWUEHWS 3aTyxXaHWs curHana B nonoce 3a-
rPaXgeHUst MUKPOMOSIOCKOBbLIX (DUNbTPOB Ha UYETBEPTBBOSHO-
BbiX PE3OHATOPAX MYTEM NX KACKAAHOTO COSANHEHNUs. YCTaHOB-
NEHO, UTO Y KACKAAHOrO COEAMHEHUS ABYX ABYX3BEHHBIX MUK-
PONONOCKOBLIX (PUNLTPOB CENEKTUBHLIE CBONCTBA NyLUE, YEM
Y OAHOTO YETBIPEXIBEHHOIO (PUNLTPa Ha WAEHTUYHBLIX PE30Ha-
Topax. CornacoBaHne UNLTPOB NPW KackagupoBaHwn obec-
NeYnBaeTca BoIBOPOM KOHAYKTUBHOI CBASK MEXAY BbIXOLHBIM
pPe30HaTOPOM NepBoro hnbTPa U BXOAHbLIM - BTOPOTO.

|. BBeneHue

Kak un3ecTtHo, u3bupatenbHOCTs UNLTPOB, B TOM
YMCNEe WU MUKPOFIONOCKOBBIX, 3@BUCUT OT MHOIMX napa-
MeTpoB: oT cobcTBEHHOI ROGPOTHOCTK pe3oHaTopoB Qp,
OT KONMWYECTBA 3BEHLEB B (DUNLTPE, OT LWMPUHBLI NONOCH!
NponycKkaHna, 0T HepaBHOMEPHOCTU AUX B nonoce npo-
nyckaHus 1 T.4. [INA OUEHKW CEenekTUBHbIX CBOWCTB
unbTpos yaobHO UCNONbL30BaTh KOIMMPULIMEHTHI KPY-
TU3HBI HU3KOYACTOTHOIO K; W BbICOKOMACTOTHOrO K
cknoHos A4YX [1].
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rae Af; — WMpKWHa NOnochbl nponyckaHna dunesTpa no
YPOBHIO —3 AB OT ypOBHA MUHUMANBHLIX NOTEPb, a Af; 1
Afy — WMPWMHBLI NONOC fIPONYCKAHWSA, WM3MEPEHHbIE MO
ypoeHio ~30 AB, cooTBETCTBEHHO, BNEBO MNW BNPABO OT
LieHTPaneHoN YacToThl f,

OBbIMHC ANA YBENUUYEHWUA KPYTU3HBLI CKNOHOB AYX v
YBENUUEHUA 3aTyxaHUs B NONOCAax 3arpaxneHus yeBenu-
YWBAIOT YUCHO 3BEHLEB B PUNbTPE, YTO COOTBETCTBEHHO
YCINIOXKHAET UX HACTPOWMKY U CHUXAET TEXHONOMMYHOCTL B
fpoM3BOACTBE. Tem He MeHee, B TPaANLIMOHHBLIX MHOTO-
3BEHHBLIX MUKPOMOMOCKOBLIX DUNbTPax, U3-3a “napasut-
HOro” NMPOXOXAEHUA MOLHOCTH CO “Bx0Aa” Ha “BbiXo4’,
CNOXHO NOMYYUTL BbICOKOE 3aTyxaHuWe curHana B nono-
cax sarpaxpeHus. [NepeuncneHHsle TPYAHOCTU MOXHO
oBonTH NCnonb3oBaHMeM KacKagHOro CoOedMHEHUS MUK-
pPONONOCKOBLIX (PUNBTPOB C MEHBLLUMM YWUCNOM 3BEHLEB
[2]. OaHako npu kackapupoBaHuU (OWNLTPOB HA NOnNy-
BOMHOBbIX pe3oHaTopax OObIMHO WCMOMNb3YIT ONTH-
MarbHYI0 eMKOCTHYIO CBS3b Mexay cvnsTpamu. B npo-
TUBHOM Cry4yae MOABNAIOTCA NapasuTHble PEe30HAHCHI
HWXE NONOCHI NPONYCKaHWUS.

B HacToswen pabote paccmaTpusaeTcs KackagHoe
coefuHEHNnEe MUKPONONOCKOBLIX (DMNBTPOB HA YETBEPTL-
BOMHOBbLIX PE30HATOpPax, CBA3b MEXAY KOTOPbIMU OCYy-
LecTBNAETCH NPOCTbIM KOHAYKTUBHbBIM COEANHEHUEM.

Il. Mogenb n meTop pacuyera

B kauectBe 0bbekTa Ans vccnenoBaHus Obin Bbl-
6paH ABYX3BEHHbLIA MUKPONONOCKOBLIA (PUABLTP C NPO-
W3BONBHOW ANUHOW 0BnacTu CBA3W pe3OHaTOpPOB, TOMO-
nornst NPOBOSHUKOB KOTOPOrO nokasana Ha puc. 1. Ta-
Kasi KOHCTPYKUMSA OO0CTAaTOMHO MWHMATIOpPHA Ha CTbiKe
METPOBOrO U AEUUMETPOBOrO AUaNa3oHOB ANWK BOMH, a
TaKke NosBONAET Nony4aTe YCTPOWCTBA C BBICOKOW KPY-
TU3HOW HU3KOYACTOTHOro cxnoHa AYX u BLICOKMM ypoOB-
HemM ocnabneHns curHana Ha YacToTax HuKe Ronochl
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MPORYCKaHWA NPW CPaBHUTEMNLHO LUIMPOKOW OTHOCUTESTb-
HOW nonioce NponyckaHnus.

Puc. 1. KOHCTpyKUMA MUKPONONOCKOBOTO thunbTpa.
Fig. 1. Structure of microstrip filter.

PacueT xapakTepucTuk wuccriegyemoro QunbTpa
NPOBOAWIICH HA OQHOMEPHON MOAENU, COCTaBMNEHHON U3
nocneacBaTenbHO COESUHEHHBIX OTPE3KOB OANHOYHLIX
W CBA3AHHbIX MUKPOMONOCKOBLIX NMHWUW, MapamMeTpbl KO-
TOPbIX BbIMUCNANUCE B KBA3UCTATUHMECKOM npubnuxe-
HUWU. XopoLlee cornacue pacuyeta U aKCnepumeHTa ao-
KasblBaeT NpPaBOMEPHOCTb Takoro noaxopa. CuHTes
HUNLTPOB OCYLLECTBNAACA HA CNELManU3UpPOBaHHON
akcnepTHon cncteme FILTEX [3].

B kauyecTBe nNOANOXKW ARS8  MUKPONOMOCKOBBIX
unNLTPOB Ucnonb3oBanack kepamuka TBEHC, umelowtan

ANSNEKTPUHECKYI0 NPOHMLaemMoCcTb £=80 1 CTaHAapTHYI0
TONUMHY A=2 MM. LLlupuHa nonockoBbIX NPOBOAHWKOB
BbiGMpanace CANHaKOBOW AfA BCEX PErynApHbIX y4acT-
xoB w=1mm. LUnpuHa nonocbl nponyckanna duneTpa
onpenensinach 3a3cpoM MexXay pesoHaTtopamu S, Be-
nuuMHa 0bpaTHbIX NOTepb B NOSIOCE NPONYCKaHUs ycTa-
HaBnuBanach Ha yposHe —14 ab TOukOW nNoAKMIOHEHUA
pe30HaTopa K BHELLIHUM NUHUAM nepegav /.

ll. AkcnepumeHT

Ha puc. 2 npvBeaeHbl V3MEPEHHbIE aMnNUTYLHO-
YACTOTHLIE XapaKTepucTukv unbTpa CKackaauvposBaH-
HOro U3 ABYX OBYX3BEHHbLIX (PUNBTPOB U MOHONUTHOIO
bunbTPa, COCTOAWEro M3 YeThipex pesoHaTopos. [lpu
KackagupoBaHuu, Kaxael u3 cdunstpos 6biN M3roToB-
neH Ha OTAEerbHOW NOAJSIOKKE, a UX CoenHEHNe ocyLLe-
CTBNANOCE MHAYKTUBHOW nepeMbidkon. Bce dUNbTpbI
HacTpoeHb: Ha YacTtoTty f;=330 MHz » umeloT oauHaKo-
BYIO LUMPUHY OTHOCWTENBHOW NONOCHI NPOFYCKaHUA, 13-
MEpPEHHON No yposHio -3 dB Afy/f;=20%.

W3 puc. 2 BMAHO, YTO CKacKagupoBaHHLIA HUNLTP
uMeeT He Tonbko Bonbliee 3aTyxaHue B fornocax 3a-
rpaxaeHnsl, HO U BonbLUYIo KPYTU3HY cknoHos AYX. Ko-
apPULUNEHTEI KPYTU3HBI, BbIYMCNEHHBIE N0 hopMynam
(1), Ans cKkackapuposaHHOro wnbTpa paBHbl: K=1.75,
K,=0.43, a pna wmoxonutHOro ¢hunbtpa K=1.17;
K,=0.35. QueBngHO, 4YTO BO3MOXHO KacKkagupoBaHue
aHanorMyHbIX GUNbTPOB U ¢ GONLLUUM YNUCIIOM 3BEHLEB.
Ha puc. 3 npeacTaBneHsl 4acTOTHbIE 33aBUCUMOCTU
NpAMBIX (YepHbie TOUKW) M 0DpaTHbIX (Densie) NoTepb
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Puc. 2. AYX yeTbipex3BeHHOro (CBETNbIE TOUKM) 1
CKacKaaupoBaHOTO (TEMHbIE TOYKU) OUNBTPOB.

Fig. 2. Frequency responses of four-resonator (light
points) and cascaded (dark points) filters.

UNbTPa, NOMYYEHHOTrO KAcKaAHbIM COEAUHEHNEM ABYX
LECTMPE3OHATOPHLIX OUNbLTPOB. Mpn 5ToM UeHTpansHas
4acToTa nonockl nponyckanus f,=389 MHz, Af/f,=30%,
K=5.1, K,=4.4. KoacbdurumeHTol KpyTraHbsl AUX ans oau-
HOYHOrO LIeCcTU3BeHHoro cuneTpa K=2.3, K,=2.2.
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Puc. 3. 3aBucumocTu npsiMbix n 06paTHLIX NOTEPL
thunbTpa, ckackaZMpoBaHHOIO U3 ABYX LLECTU3BEHHbIX.

Fig. 3. Frequency responses of direct and return losses
of the filter obtained by cascading two six-resonator
filters.

IV. 3aknouyenune

Taknm obpasom, B HacToAWweRr paboTe nokasaHo, YTo
KackagHoe COeMHEHNE MWUKPOMONOCKOBLIX (hUNLTPOB Ha
4YeTBePTbBOMHOBLIX pesoHatTopax ABnAeTca addekTus-
HbIM METOLOM ANA NOBbILIEHUA U3BUPaTENbLHOCTM M yBe-
NUYEHUs 3aTyXaHua cUrHana B Nonoce sarpaxaeHus. Be-
COMbIM  NPEUMYLLECTBOM  KaCcKagHOro  COedVHEeHWA
pUNLTPOB Ha HYETBEPTLBOMHOBLIX PE30HATOPAX ABNAETCA
npocToTa cornacosaHua (unsLTPOB ApYr C APYroM.
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Abstract - The possibility of increasing the selectivity and
magnification of signal attenuation in stop-bands of microstrip
fiters based on quarter-wave resonators by their cascade con-
nection is shown.

I. Introduction

Usually, to increasing the steepness of filter skirt and to
magnify the attenuation in stop-bands a number of resonators is
increased in filters, that accordingly complicates their adjust-
ment and reduces adaptability to manufacture in production.
Moreover, in the case of traditional multi-pole microstrip filters it
is complicated to obtain high damping of a signal in stop-bands,
because of «parasitic» MW transmission from «input» to «out-
put». The listed difficulties can be bypassed by use of a cas-
cade connection of microstrip filters with small number of reso-
nators [2].

In the present work the cascade connection of microstrip fil-
ters based on quarter-wave resonators is considered, when
coupling between these filters is carried out through simple
conductive connection.

Il. Resulis

The microstrip two-pole filter whose conductor pattern is
shown in Fig. 1 was investigated. Such structure allows to ob-
tain a device with high steepness of low-frequency slope of filter
skirt and high tevel of signal attenuation at frequencies below
the passband. The synthesis of filters was carried out by means
of specialized expert system FILTEX [3].

In Fig. 2 the measured frequency responses of the filter ob-
tained by cascading two two-pole filters and of monolithic filter
consisting of four resonators are represented. Before cascading
each of filters was made on a separate substrate, and their
connection was carried out by small inductive jumper. All filters
were adjusted on center frequency f, = 330 MHz and had iden-
tical fractional bandwidths Afi/fy = 20% measured at the level -3
dB. It is seen, that cascaded filter has not only greater attenua-
tion in stop-bands, but also steeper filter skirt slopes. The fac-
tors of the skirt slopes steepness calculated by the formulas (1)
for cascaded filter are K, = 1.75, K, = 0.43, and for the mono-
lithic filter Kj=1.17; K, = 0.35.

Obviously, it is possible to cascade similar filters with more
large number of resonators. In Fig. 3 there are represented fre-
quency responses of direct (black points) and retum (white)
losses of the filter obtained by cascade connection of two six-
resonator filters. In this case: the center frequency f, = 389
MHz, A&/ = 30 %, Ki= 5.1, K, = 4.4. Factors of steepness for
single six-resonator filter are K= 2.3, K,=2.2.

lll. Conclusion

Thus, in the present work it is shown, that the cascade con-
nection of microstrip filters based on guarter-wave resonators is
an effective method to increase selectivity and to magnify signal
attenuation in stop-bands. Hard advantage of cascade connec-
tion of filters based on the quarter-wave resonators is the sim-
plicity of matching the filters one to another.
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