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AHHOmayua - WccnefoBanel KOHCTPYKUMM LUIMPOKOROMOC-
HbIX MUKPOMONOCKOBbIX (hUNBTPOB Ha YETBEPTHBONHOBBIX HEe-
perynAapHbix pesoHatopax. TlokasaHa BO3MOXHOCTb peanu3a-
UM MUHUATIOPHbIX YCTPORCTB C LUMPUHOW OTHOCUTENBHOMW No-
nocel nponyckanusa A0 100%, obnajaiolmx BbICOKUMU Cenek-
TUBHBLIMY CBOWCTBaMM.

. BeeaeHue

OCHOBHbIMKM YCTPOWCTBaMM B KaHanax npuema u 06-
paboTKN LUMPOKONOSOCHBIX CUrHASMOB SBNSIOTCA NOAOC-
HO-Nponyckaowne OUNbTPbI. TPaauuUoHHO LWMPOKOHNO-
NOCHbIE UNBTPLE KOHCTPYMPYIOT C UCNOMb30BaHWEM
(PUNLTPOB BEPXHWX W HIWKHWX 4acToT, OAHAKO B 60OnNb-
WWHCTBE CMy4aes TakoW NOAXOA OKa3biBAETCS CAOXKHbIM
W poporocToswmm. PewmnTe cyliecTeyloulyio npobnemy
y4aeTcs Ha OPUrMHanbHbIX MUKPOMOMOCKOBBIX KOHCT-
PyKUMAX, B KOTOPbIX NOMOCa NPonyckaHus hopmMUpyeTcs
PE30HaAHCaMn HeCKONbkMX MoA koneGauwii Heperynsip-
HbiIX CTPYKTYp. Takue LWWPOKOMONOCHbIe UNLTPbI 06-
napawT BbICOKMMKU CENEeKTUBHLIMK CBOUCTBaMM, TEXHO-
TOrMYHbI B NPOU3BOACTRE, a MMABHOE MUHWATIOPHL! da-
Xe Ha CTblke METPOBOro U ASUUMETPOBONO AMana3oHoB
ANH BONH.

ll. OcHoBHaRA YacTb

Kak u3BecTHO, COGCTBEHHLIMM 4YacToTamu Hepery-
NAPHLIX MUKPORONOCKOBLIX pesoHatopoB (MIMP) nerko
ypaensaTb, BbiOMpaA COOTHOLIEHUE 3NEKTPUYECKUX
JAuH W BEeNUYKMHY CKayka BOMHOBOTrO COMNPOTWBIEHUS
odpasylowmx ux perynsapHbix yyacTkoe [1, 2). Bosmox-
=0CTb CONMXKEHNA CODCTBEHHBLIX YacTOT NEepBbIX ABYX,
ToeX M Aaxe veTbipex Moa konebaHwi B NoMyBONHOBOM
W72 nosBonsieT Ha OHOM pEe30HaTOpe CKOHCTPYUPO-
327> (PUNLTP C OTHOCUTENLHOW LUMPUHOA MONOCH! NPO-
~»>xaHua 4o 100% {2]. OpHako ypoBeHb 3aTyxaHus CBY
W3LHOCTU B MOMOCax 3arpaxaeHnsl Takoro unsTpa
3BHWUTENBHO HU3KMIA U He npesbillaeT -15156.

Mpeanaraemele KOHCTPYKUUU (PMNBLTPOB COCTOST W3
~ByX HEperynsipHbIX 4eTBepTbBOHOBbLIX PE30HaTOPOB,
T2NoN0TUA NPOBOAHMKOB KOTOPLIX NOKa3aHa Ha puc.1.

(a)

Puc.1. KOHCTpyKUMM LIMPOKONONOCHOMO hunbTpa.
Fig. 1. Designs of broadband filter.

3aech Tawke, Gnarofaps ckaukam WUPMHLI NONOCKOBOIO
NpOBOAHMKA, YAAETCH CONU3NTL PE3OHaHCHLIe YacTOTb!
nepebix ABYX Moj konebanwn [3]. KoHcTpykuwm oTnuda-
0TCA NKWb TUNOM cBA3N mexay MIMP B nonoce nponyc-
«aHus. B unbTpe (a) NPenMyUIeCTBEHHO MHAYKTUBHAS
cBA3b, a B huneTpe (b) — eMKoCTHas.

Ana  pacyeta xapakTepUCTUK  NPEANOXEHHOro
thuneTpa wcnonb3oBanack OOAHOMEPHAas MOJens, Co-
CTaBneHHas n3 NocnenoBaTensHO COeAUHEHHBIX OTpes-
KOB OAWMHOYHLIX U CBA3AHHbLIX MUKPOMOMOCKOBLIX SIMHWIA,
nlapameTpbt KOTOPbIX BbIMUCTIANUCH B KBA3UCTATUYECKOM
npubnuxenuu. NpaBoMepHOCTs Takoro noaxoda AoKa-
3blBaET xopowlee COBNaAcHWE PacCCYUTAHHOW U U3Me-
PEHHON amMNNUTYAHO-YACTOTHOW XapaKTepucTuku L(f))
(puc.2). [lanHbiit hunbTp Gbin U3rOTOBRNEH HA NOAMNOXKE
n3 kepammkn TEHC ¢ ananekTpuueckoil NpoHuLaemo-
cTblo £=80, umeiowien rabaputbl 24x8 MM n TOJLUUHY
2mm. LeHTpanbHaa uvactoTa MONOCHbI MPONYCKAHWUS
unbTpa £,=485 My, a ee oTHOCMTENbHas LIMPWHA,
n3MepeHHas no ypoBHO -3 Ab, Af/4=70%. MNpuseneH-
Hble AYX COOTBETCTBYIOT KOHCTPYKUUM chunbTpa puc.ia.
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Puc. 2. A4X wupokononocHoro dunsTpa. CnnowHas
JINHUSE — pacYEeT, TOYKU — SKCMIEPUMEHT.
Fig. 2. Frequency response of broadband filter. Solid line
is calculation, dots are experiment.
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Mpeanaraemas KOHCTPYKUMA (UMNBTPA, HECMOTPS Ha
CBOK NPOCTOTY, OTANYAETCA BbLICOKUMU YACTOTHO-
CENEeKTUBHLIMWU CBOWCTBaAMWU. Bo-repebix, 3HauuTens-
HbIM 3aTyXaHMeM MOLHOCTU B NONOCAX 3arpakaeHus,
KoTopoe OOYCROBMEHO 3aMblkaHWEM NPOBOAHUKOB pe-
30HATOPOB Ha 9KpaH. A BO-BTOPbIX, CPaBHUTENbLHO
6onbLIOiA KpyTH3HOW ckioHoB AYX, Tak kak B ee ¢op-
MWPOBaHWK Y4acTBYIOT YeThipe pe3oHaHca — No Asa oT
Kaxgoro MIMP.

FabapuTbl NOANOXKM MHOrO3BEHHOrO (unbTpa C
aHanorMYHeIMK XapaKTEpPUCTUKaMX, U3rOTOBIIEHHOMO Ha
perynsApHbIX YeTBEPTHBOMNHOBLIX Pe30HaTOpax G KOHAYK-
TUBHBIMM CBA3AMU [4], no kpalHel Mepe, B 4 pasa
6onbwe. CnenyeT Takke OTMETUTb, YTO UCNONb30BAHUE
ABYXMO/,0BbIX P€30HATOPOB B MPEANOKEHHON KOHCTPYK-
UMU UNbTPa CyLUECTBEHHO YMEHbLLUAET YypoBeHb MU-
HumarsbHbix noteps CBY MowHocTH B ero nonoce npo-
nyckaHws. B 4acTHOCTM Ans uccnesoBaHHOMo yCTPONCT-
Ba 3TOT YpOBEHb COCTaBMSET BEMIMYMHY BCEro NULb ~
0.2 pb.

M3BECTHO. YTO LUMPOKOMOMOCHLIE (PUNLTPLI CUrHa-
NOB AOMXHbi MMETb MUHKMANbLHYIO HEPABHOMEPHOCTb
rpynnoBoro BpeMeHn 3anasawiBanms (FB3) B nonoce
nponyckanus. Ha puc.3 npuBeaeHsl paccunTaHHblie AYX
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KOHCTPYKUMIA (pUC.1.a 1 b) ¢ LEHTPaNbHOW YacTOTOW Nno-
nocb nponyckaHnsa 500 Ml 1 OTHOCUTENBHOM LLIMPUHOW
nonockl nponyckanua 80%, a Takke cooTseTCTBYOWNE
M YacToTHbIE 3aBucumocTv MB3. OTnUuKuTENLEHON OCO-
OeHHoCTEI0 UNLTPOB SBNAETCA PasnNUyHoe noseaeHve
B3 B nonoce nponyckasus, 4TO MNO3BONSET KCNOMb30-
BaTb MX B HEKOTOPbIX CNyJasx B Ka4ecTBE KOPPEKTOpoB
B3. Kpome TOro, NpW KackagHOM COEAVHEHWM ABYX
KOHCTPYKLIMIA MOKHO CYLLECTBEHHO YMEHbLLUNTE 0BLUyto
HepaBHOMepHoCcTs MB3.
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Puc. 3. AYX v I'B3 WMPOKONONOCHbIX (OUNBTPOB,
COOTBETCTBYIOLIME KOHCTPYKLUMSAM Ha puc. 1aunb.

Fig. 3. FR and GDT of broadband filter correspond-
ing to the designs from Fig. 1 aand b.

lil. 3aknwyeHue

MpeacTasnexHsle  KOHCTPYKUMM MWKPONOIOCKOBbIX
¢hUNbLTPOB Ha ABYXMOAOBLIX PE30HATOPAaxX NO3BONAIOT
NonyyaTs OTHOCUTEIbHbIE MONOCLI NPOMYCKaHWs YCT-
poitcte Ao 100%, Npn 3TOM OTMKUYAIOTCS MIHWATIOPHO-
CTbIO U BBICOKUMU 3MEKTPUHECKUMY XapakTepucTukamm.
YuyuTeiBasi, 4TO paspaboTaHHble YCTPOWCTBA WMEIDT
[OCTATOMHO Marble noTepy B Nonoce NponyckaHus, OHu
C ycnexoM MOMYT WCMONb30BaTbCA HE TOMBKO  KaK
hunNbTPLI MPOMEXYTOHHOM HacTOThl B Cxemax obpabor-
KV CUFHAIMOB, HO W B KAYECTBE aHTEHHbIX (OUNbLTPOB.
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BROADBAND MICROSTRIP FILTER
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Abstract - The broadband microstrip filters based on quarter
wave irregular resonators were investigated. The possibility of
realization of miniature devices with fractional bandwidth up to
100 % and with high selective properties was shown.

l. Introduction

The main devices in channels of receiving and processing
broadband signals are band-pass filters. Traditionally broad-
band filters are designed with use of low-pass and high-pass
filters, but in many cases such approach is complicate and ex-
pensive. It is possible to overcome an existing problem by
means of the original microstrip designs are used, where the
pass-band is formed by resonances of several oscillation
modes in irregular structures. Such broadband filters have high
selective properties, are easy in production and, above all, are
miniature even at the joint of meter and decimeter ranges of
wavelengths.

il. Main part

The offered designs of filters consist of two irregular quar-
ter-wave resonators, whose conductor pattern is shown in Fig.1.
Due to jumps of strip conductor width it is possible to bring to-
gether resonance frequencies of two lowest oscillation modes
[3]. The designs differ only by coupling type between microstrip
resonators in pass-bands. In the filter (a) it is mainly inductive
coupling, and in the filter (b) it is capacitive one.

For calculation frequency responses of the offered filter the
one-dimensional model composed of consecutively connected
single and coupled microstrip lines was used, whose parame-
ters were calculated in the quasi-static approximation. The le-
gitimacy of such approach is proved by good agreement of the
calculated and the measured frequency responses (FR) L(f
(Fig.2). The given filter was made on the substrate of ceramics
with dielectric constant e= 80, dimensions 24x8 mm? and thick-
ness 2mm. The center frequency of the filter pass-band is
f,=485 MHz, and its fractional bandwidth measured at the level -
3 dB is AR/H=70%. The represented frequency responses cor-
respond to design of the filter in Fig.1a. The offered filter design,
in spite of the simplicity, distinguished by its high frequency-
selective properties. First of all, by significant attenuation in
stop-bands, which is caused by shorting the resonators to the
shield. And secondly, by a rather large steepness of filter skirt,
since it is formed by four resonances, two of them from each
microstrip resonator. It is necessary to note that the use of two-
mode resonatars in the oftered filter design essentially reduces
level of minimum losses in a pass-band. In particular for the
investigated construction this level is only -0.2 dB.

It is known that broadband filters should have minimum of
group delay time irregularity in a pass-band. In Fig.3 the fre-
quency responses calculated for designs of Fig.1a and b are
represented, which have central frequency of pass-band 500
MHz and fractional bandwidth 80%, and also there are plotted
the group delay time (GDT) frequency responses corresponded
1o them. A distinctive feature of the filters is various behaviour of
GDT in the pass-band that allows using them in some cases as
the GDT corrector. Besides, in the case of cascade connection
of the two designs it is possible essentially reduce total GDT
irregularity.

HI. Conclusion

Represented designs of microstrip filters based on twe-
mode resonators allow to obtain fractional bandwidth of devices
up to 100 %, besides they distinguish by diminutiveness and
high electrical performances. Taking into account that the de-
veloped devices have rather small losses in a pass-band, they
can be used not only as filters of intermediate frequencies in
circuits of signals processing, but also as antenna filters.
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