View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Missouri University of Science and Technology (Missouri S&T): Scholars' Mine

MISSOURI
s Missouri University of Science and Technology

Scholars' Mine

Electrical and Computer Engineering Faculty

Research & Creative Works Electrical and Computer Engineering

01 Jan 1999

Microwave Oscillator with the Shielded Dielectric Resonator

Sergey Kharkovsky
Missouri University of Science and Technology

A. E. Kogut
V. K. Komeenkov

V. |. Lutsenko

Follow this and additional works at: https://scholarsmine.mst.edu/ele_comeng_facwork

b Part of the Electrical and Computer Engineering Commons

Recommended Citation

S. Kharkovsky et al., "Microwave Oscillator with the Shielded Dielectric Resonator," Proceedings of the 9th
International Crimean Microwave Conference, 1999. Microwave & Telecommunication Technology. 1999
[In Russian with English abstracts], Institute of Electrical and Electronics Engineers (IEEE), Jan 1999.

The definitive version is available at https://doi.org/10.1109/CRMIC0.1999.815155

This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been
accepted for inclusion in Electrical and Computer Engineering Faculty Research & Creative Works by an authorized
administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including
reproduction for redistribution requires the permission of the copyright holder. For more information, please
contact scholarsmine@mst.edu.


https://core.ac.uk/display/229167729?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.mst.edu/
http://www.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/ele_comeng_facwork
https://scholarsmine.mst.edu/ele_comeng_facwork
https://scholarsmine.mst.edu/ele_comeng
https://scholarsmine.mst.edu/ele_comeng_facwork?utm_source=scholarsmine.mst.edu%2Fele_comeng_facwork%2F1723&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/266?utm_source=scholarsmine.mst.edu%2Fele_comeng_facwork%2F1723&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.1109/CRMICO.1999.815155
mailto:scholarsmine@mst.edu

FrEHEPATOP MUTINTMMETPOBbBIX BOJTH HA OCHOBE SKPAHMPOBAH-
HOIro AU3NEKTPUYHECKOIO PE3OHATOPA.

KoryT A.E., KopHeenkos B.K., flyuenko B.W., Xapbkosckuit C.H.
WHemumym paduoguluku u anekmporuxku HAH Ykpaunsl, yn.Ak. [lpockypet 12, Xapskos 310085, Ykpauna
men.: 0672-448593, e-mail: maksim@ire.kharkov.ua

Annomauus - [peAcTaBneHb Pe3ynbTaTel JKCNepw-
MEHT3NBLHOMO WCCNefoBaHuA feHepaTopa TaHHa € vacTuJHO
IXPARNPOBAHHBLIM NONYAUCKOBLIM KBA3VONTUYECKUM AMINEKTPU-
seckir  peaonatopom (KOP), oT¥pbITeiM CO CTOPOHS! OAHOMO
nnockoro BOKOBOFO OCHOBaHWA. B TakoM pe3oHaTope NposefeHo
WCCNenoBaHve XapaKTepucTUK reHepauun Konebauwui nonynpo-
BOAHMKOBGLIM AWOROM MPU PA3NUNHLIX NONOXKEHWUSX AKTUBHOTO
3neMeHTa reHepaTopa BAOND PAAVIANbHOW KOOPAWHATHI Nonyauc-
rosoro KOP. MposegeHo cpaBHeHUe xapakTepucTuk reHeparopa ¢
nccneayembiM PE30HATOPOM C XapakTepucTikamn redepaTopa Ha
ocHoge oTkpbiToro KOP.

I. BBepexue

B Teuenue nocneprux net 3HauuTeNnbHO pac-
wupunack o6AacTb NPUMEHERUA MUMNINMETPOBbLIX BONH
B Cambix PaanuuHbIX cdpepax coBpemMeHHOM Hayku U
TEXHUKX, UTO roBopuT ob onpefeneHHbix ycnexax B
pas3BuTUM YCTPOWCTB 1 npubopos, aaeKkBaTHbIX JaHHOMY
AvanasoHy AnuH BonH., Ocobbii kNacc cpeau Hux co-
CTaBNsUOT aKTUBHbIE YCTPOWCTBa (reHepaTopel, ycusin-
Tenu, reTepoAuHsl U T.A.). PacwupeHue ofnactM wx
NPUMEHEHUN: CMYTHUKOBbIA NpueM, TeNekoMMyHuKauw-
OHHble CeTW , MeAWUnHa , aBTOMOOWbHLIA TpaHchopT
HaknajbiBaeT HoBbie TpeGoBaHWs K YCTpoWcTBaM gan-
How kateroput. OCHOBHbLIMU W3 HUX ABNRIOTCS BblCOKan
cTabunbHOCTL HAcTOTH! U CPaBHUTENBHO  BbICOKWE
yposHM MouHOCTH. OnpegeneHrbie MepCRekTUBLI . B
3TOM HanpaBfieHUX OTKPbLIBAIOT KBaA3UONTMMECKne Ju-
anexTpudeckue pesoHatopst (KOP), vicnonbsyemule 8
KauecTse KoneGaTenlbHLIX cucTeM reHepatopos [1-3].
OpHako Npyv co3fjaHuu TBepAOTEeNbHLIX reHeparopos ¢
oTkpbiTeivu KOP BO3HukaeT npoBriema wx napasnurHon
cenan ¢ Apyrvmu KBY ycTpolicTBamy W anemeHTamu B
CBA3W C WU3NYYEHWEM BLICOKOHACTOTHOrO 3nekTpomar-
HWTHOrO Mons B cBoBojHOe npocTpaHcTeo. Pewuts ee
MOXeET FMONHOE WNU YAacTUWHOe 3kpaHupoBanue KOP.
OTmeTM, NHTO paHee MCCNeAOBAHWE TeHepaTopos ¢
axpanupoBaHHbimu KOP He npoBogunocs. WrTepec K
reHepatopam C pe3oHaTopamu, cogepXalumu anemen-
Tl AV3NEKTPrYeckAX Test BpaujeHus, obycnosnen euwe
U Tem, YTO B8 HUX CYU,eCTBYET WIPOKKA CMEKTP BbiHYX-
AeHHbIX KoneBGanuii [4-6]. Hapsgy ¢ BbicokoA06pOTHbI-
Mu KoneBarvami wenuyuien ranepen (LU npu onpe-
AeNeHHbIX paauanbHblX KOOPAWHATAX WCTOYMUKA Wany-
uekust B K[IP moryT 8o30yXaaTthcs CPaBHUTENbHO HU3-
KOAOBPOTHBIE NyueBbie koneGanwsi [6). Bribop Tore unw
nHoro Tuna koneGaHuih B kavecTBe paGouei mopbi re-
HepaTopa MOXeT NpusecTn K CyulecTBeHHOMY u3MeHe-
HAIO XapaxkTepuCTUK reHepauyuu. B cBsAsu ¢ Boiuiecka-
3aHHLIM Uenblo HaMeueHHbIX UCCNefoBaHWi B AaHHOW
paore sBNseTCs Co3jaHwe redeparopa € 3IKpPaHWUpoO-
sanHbiv KOP, uccnegosBanne ero xapakTepucTuk nipw
Pa3HbiX NONOXEHUAX aKTUBHOTO dNeMeHTa reHepaTopa v
nposejenNne CpasHUTENBHOroO aHanusa ux ¢ xapakrepu-
CTWKaMu reHepaTtopa Ha ocHose oTkpbitoro KAP. Mpw
3TOM aHanu3 yenecoobpasHo NPOBOAUTL C Y4eToM
INEKTPOAUHAMUYECKUX CBOWCTE BO3OYXAaeMbix wosie-
Bannin. OTMETUM, YTO WNCCNEeACBaMUE XapaKTepucTnk
reHepayuy konebaHui AMOAOM B OTKPBITOM fONYAWUCKO-
som K[P npoBojunock paHee v onucaHo 8 paborax (1,
6).

Il. SkcnepuMmeHTanbHble pe3ynbLTaThbl
Ha puc.1 cxeMaTUMECKU NOkazaH IKCrnepumeHTanbHbIA
MakeT reHepaTopa faHHa ¢ YacTuyHo AKpaHuposaHHbiM
nonyauckoebim KAP, OTKpGLITHIM CO CTOPOHBbI OAHOrG
nnockoro 6o0KOBOro OCHOBaHUA.

Puc.1 O6bexT uccnepoBaHus
Ha nnockom meTannvueckom :sepkane 1 pacnonaraeTcs

nonyp,mcxosa;\ AnanexKTpuyeckas JKpaHuposaHHan
pesoHaHCHast cTpykTypa 2. B npsiMoyronbHoM ovsep-
CTUN B 3epKane HaxoOAUTCR anoa MaHHa, KoTopbih BMe-
CTe C ANeMeHTaMu KpenneHwsi, corflacoBanus u noaBso-
Aa NUTaHUA cocTaBnsieT AUOAHBIN Mogyne 3. Bbisopg
SHepruy OCYW eCTBNAGTCS HenocpeAcTBeHHo U3 obnac-
TV pacronoXeHuss AuoAa ‘B BONHOBOAHLIA TpakT. B
3KCMEpVIMEHTe WMeeTCA BO3MOXHOCTbL MNaBsHO W3Me-
HSiTb NONOXeHWe aKTUBHOrO 3NeMeHTa reHepaTopa
(AMOAHOrO MOAYMR) BAOML Pajuyca OCHOBaHWS Mony-
Aucka (ero paguaneHylo koopauHaty r;i). B akcnepu-
MeHTe WuccnegyeTcsl reHepaTtop C AW3NEKTPUYECKOR
CTPYKTYpo#d paauycoM R=39mM. M3MepeHus npoBogsT-
cA B AMana3soHe vacToT 38-42My.

B JKCriepuMeHTe UIMepAloTCR OCHOBHBIE Xa-
PaKTEePUCTUKM FeHepaLun: MOWHOCTb, 4acTtoTa M Kpy-'
TW3Ha JNeKTPOHHOW NEpPecTPORKM “acToThi, Npu paa-
NUYHBIX KoopaUHaTax r; AnogHoro Moayns. Mamepenus
l"lpOBOAQTCﬂ TONLKO B Tex obnacTax mmel_-ceunﬂ Benu-
\UKiHbI Tiy ANA KOTOple uameHerne HYacToTbl reHepaunun

ocyuiecTansieTcs nnaBHo. AT obnactit BLIGUpaIOTCA B

-COOTBETCTBUX C JNEKTPOANHAMWMECKUMW NpepcTaBne-

HUAMK o Bo3ByxaeHun 8 KOP paiannuHbix TUNOB Kone-
GaHuit, KoTopble yNnoMuHanuch B gaHHoi paboTe paxee.

Ha puc.2 nokaarbl 3aBACUMOCTY XapaxTepu-
CTUK reHepaywnn koneGaHnin 4UOAOM B paccmartpusae-

mom KOP ¢ oT paguanbHOW KoopavHaTbl r; AWOAHOrQ
MOAYNS, @ MMeHHO, MolWHocTK /> (puc.2a), 4acToTsl /
¥ 3NEeKTPOHHON NepecTpoiikv HacToTsl Jf /ol (puc.26),

KOTOpble Ha pUC. MoKasaHb! CRNOWHON NUHMER n NyHK-
TMpPOM cooTBeTcTBeHHO. CTperikamu oGo3HaueHbl pes-
Kue u3MeHeHUss HacToTb! BbIXOAHOTO CUrHana npu BbIXo-
A€ aAKTMBHOTO 3/IeMeHTa reHepaTtopa 3a HameueHHble
rpaHvusl obnacreli U3MeHeHWA ero pajvansHOR KOOp-
AuHatsl. BugHo, YyTo Hanbonbluas MOWHOCTL U Nyywas
CTabUNBHOCTL YacTOTLl reHepaiyy NO OTHOWeHuio K
napasMTHOMY U3MEeHEeHUIO HanNpsAXeHun NUTaHuA Anoaa,
O KOTOPOW MOXHO CYAWMTL NO KPYTU3HE 2MeKTPOHHON
NepecTpoitku YacToTbl, J4OCTUralTCS MpU pasMelleHun
AWOQHOrO MOAYNS Ha 3epkane pesoHatopa BGnwan
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rPanvubl pasfena AUsneKTpUk-MeTann, T.e. Npu Bo3Gy-
KAeHun B KOP BuicokoaoBpoTHsix koneGarni W
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- Purc.2 Xapaxrepuctugu reHepayun.
(pu yMeHbLeRUM PajuansHoi KOOPAUHATBI aKTUBHOTrO
anemeHTa reHepartopa 8 npegenax obnacTu, xapakTep-
HOW NNaBHbIM M3MEHeHWeM YacToThbl redepauuu (ot 20
A0 3SMM), MOWHOCTL W MYacToTa BLIXOAHOrO cursana
CYUW|eCTBEHHO He U3MeHAOTCA. 3jech crnepyeT OTMe-
TUTb 3HAUMTENLHYIO NPOTSXEHHOCTL 3towd obnactu no
paavanbHol koopauHate. Ona BrovaeT 8 cebs npeg-
nonaraeMble pajguanbHsie KOOPAUHATHI MaKCUMYMOB
WHTEHCUBHOCTU Nonew nyyeeblx koneSaHui, KOTOpbIM B
recMeTpoONTMHECKOM MpPeACTaBNeHuA COOTBETCTBYIOT
MpaBunbHble YeTolpex- U WeCTUYrosNibHUEW, a TawkKe

xoneBanwit L. Ha rpacue sasucumoctu of / ol: (r;)

HaBmiodaeTcs psag MaxkcuMyMoB (MUHWMYMOB), YTo, no-
BUAMMOMY, OBbRcHsReTcs Bo3ByxgeHvem B KOP pas-
NU4HBIX  TUNOB  KoneBaHwit. JaIOTCA  3KCTPeMyMbl
{MaKcUMyM ¥ MUHUMYM COOTBETCTBEHHO).

MNpu pasMeujesnt AUOAHOTO MOAYNA reHepa-
Yopa B UEHTPe OCHOBaHWS NOMYANCKa Ha KPUBbLIX MOW-
HOCTWU W 3NEeKTPOHHOW NepecTporky YacToTs Habnwoga-
1OTCR XapaKTepHbié IKCTPEeMyMbl, KOTOpbie CBUAETESb-
CTBYyIOT © BOBGy)K,D,eHVIVl B pesoHaTtOpe onpepaenieRHoro
tMna xonebanus (B AaHHOM cnyuyae KoneBanus TUna
“Npbiraownui MRYnK"). BUaHo, yTo paxe manoe usme-
Herue NONoXeHNs AUOAHOFO MOAYNS B 4aHHOM Cnydvae
NPUBOAWAT K Pe3KOMY M3MEHEeHWIO 4acTOThbl BLIXOAHOrO
curHana v, CoOOTBETCTBeHHO, NepexoAy K Apyromy pa-
BoueMy TUNY Konebanna.

CpabBHeHue xapakTepucTUK NOKA3bIBaeT, 4To
MOWHOCTb BLIXOAHOTO CWrHana reHepatopa C 3KpaHu-
posaHHbiM KOP Ha 20% Bbile, a 3Hauexwe 3MeKTPOH-
HOW NepecTPoNKM 4acToTbi NouTh B ABa pasa Gonbuwe,
yeM B NogoBHOM reHepatope Ha OCHOBE OTKPLITOro
pe3loHaTopa. Ysenuuenve MOWHOCTW reHepauny Kone-
Banuii AMOAOM B 3KPaHWPOBaAHHOM pe3oHatope no
CPaBHEHVIO C OTKPBLITBIM, NO-BUAUMOMY, OBbscHAeTcA
nosbilieHem 3ddekTuBRocT Bo3ByxaeHns koneba-
HUA B8 Hem B CBSiau ¢ 3akpbiToiM xapaktepom KOP. K
rpevmyllecTsam reHepaTtopa ¢ 3kpaHuposaHHbiM KOP
cnejyeT OTHECTV WUWpokie obnacT UaMeHeHRUs pagwv-
anbHOW KOOPAVHATB! akTUBHOrO aneMeHTa reHepartopa
NpY NAABHOM M3MEHeHUU YacToTbl BLIXOAHOrO CUTHana,
YTo OOBACHAETCR BO3MCKHOCTHIO BO3BYXAeHNR B peso-
Hatope Bonee wupokore chextpa koneGauni: oT Kone-
Garvin WM Ao nyyeBbix koneGaHwi TvNa “npbirarouymi
MRunK". B oTkpbiToMm KOP auogHbIM MOAYyNneM 8036yx-
paoTes Tonbko koneBawua WM u nydeBbie koneSaHUs
“c TpaexTopved nydeit B BuAe NPaBUNLHOIC WeCcTU-
yronbruka”,

% mm

lIl. 3akntoueHue
MNonyyerHble B gaHHon patorte pesynbTaThl 8
AanbHelwem MOTYT ObiTb MCNONL3OBaHLI NpYU CO34aHNK
TBEPAOTENbHLIX @KTUBHbIX YCTPOWCTB, obnajamuwmx
yAyHWeHHbIMN XapaKTepucTUKamMm U HOBbIMU dYHKLMO-
HaNbHbIMK BO3MOXHOCTAMMU.
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Microwave oscillator with the
shielded dielectric resonator

A.E.Kogut, V.K.Komeenkov, V.l.Lutsenko,
S.N.Kharkovsky
Institute of Radiophysics and Electronics NAS of
Ukraine 12 Ak. Proskura str., Kharkov-310085,
Ukraine
e-mail:maksim@ire.kharkov.ua

Abstract-The Gunn oscillator with partially shielded hemidisk
quasioptical resonator is investigated experimentally at this paper.
The investigations of the generation characteristics of oscillations
by the semiconductor diode in this resonator are carried out for the
different radial co-ordinates of the oscillator active element. The
advantages of the investigated oscillator at comparison with the
oscillator with open dielectric resonator are shown.
l.Introduction

The increasing power and improvement of the frequency
stability of generation by the solid-state oscillators are the main
problems of the millimeter wave physics and techniques. The
shielded quasioptical dielectric resonators using as osciliating
system of the diod modul find the certain perspectives at this
direction {1]. .

1. The exeperimental results

The main characteristics of the oscillations generation
(dependences of the frequency and power from the supply voltage
of the diodes) for the diferent radial coordinates of diode module
are investigated. The experimental results show that the highest
power and the best frequency stability are carried out when the
active element of oscillator is placed near the border of dielectric
structure because the high Q-factor whispering gallery modes are
excited in resonator. The wide ranges of radial coordinate variation
of diode module with smooth changes of generation characteristics
are existed at investigated oscillator. The diode module placing in
them correspond to the excitation of whispering gallery and ray
modes at resonator.

IV. Conclusion

The obtained results can be useful at the construction of

new active devices with improved characteristics.
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