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FEHEPATOPbI TAHHA HA OCHOBE 3KPAHUPOBAHHbIX
KBASUONTUYECKUX OAUNSINEKTPUYECKUX PE3OHATOPOB C
MEXAHUYECKON NEPECTPOWUKON YACTOTbI

Nyuerko B. W., NMyuexko W. B., KopHeeHkos B. K., Xapskosckuin C. H., KoryT A E.
UHemumym paduoghusuku u 3nekmpoHuku um. A.A. Yeukosa HAH YkpauHbl
yn. Ak. lMpockypet 12, Xapekoe - 61085, YkpauHa
Ten.( 0572)448-593; e-mail:koguts @ic.kharkov.ua

AHHOMAayus- WccnefoBaHbl XapakTepUCTUKU TeHepaTopos
aHHa Ha OCHOBE AWANEeKTpUYeckux pesoHaTopos, paboTaio-
Wwux B pexume Bo3byxaeHus konebGaHnit Tuna wenyylen ra-
nepeu n nyyesbix konebauwii. MpoBejeH UX CPABHUTENLHbIW
aHanmM3 AfA reHepaTopoB € PEe3OHAHCHLIMW CUCTEMamu pas-
NUYHON KOHpUrypauuu.

|.BBegeHue

AKTUBHbIE NpUOOPLI U YCTPOMCTBA, HAa OCHOBE KBA-
3NONTUMECKNX AnaneKkTpudeckux pesoHatopax (KOP) n
paboTaioiume B pexnume BO3DYyXKOEHUA BbiCOKOAOOPOT-
HbiX KonebaHuit TMna wenuywei ranepewn (W), obna-
AT oOWenpr3HaHHbLIMU  AOCTONHCTBaMW, TNaBHbIMU
U3 KOTOPbIX ABNAIOTCA BbICOKAst CTAGUNBHOCTb Y4acTOTkl
BLIXOQHOrO CUFHana W CPaBHUTENBHO UWUCTLIA CMeKTp
konebannin {1]. HoBble 3apgaun TenekommyHUKauuu un
CNYTHUKOBOTO NpMEMa B MUSINMMMETPOBOM AuanasoHe
paanoBoniH TPeByYT pacluMpeHns ux OYHKLUNOHANbHBIX
Bo3amoxHoCcTen. K uyncny aktyanbHelx Tpebosanui,
npeabsBNsAeMbIX K TBEpPAOTENbHbIM reHepaTopam K
CyMMmaTopamMm MOLUHOCTW, OTHOCUTCA obecneuyeHne ne-
PECTPONKN YACTOTb! BbIXOAHOMO CUrHana 8 nonoce Ao
HeCKOnbKUX npoueHToB. [eHepaTopbl Ha ocHoBe KIP ¢
xonebannamn Tuna LU He cnocobHbl pewnTb 3TON 3a-
Aaun BCNeacTBUE Marnon LUMPUHLI OTAENbHBIX 30H reHe-
pauuu. MNepexoa OT OAHOW 30HBI FrEHepaLnn K CoceaHen
conpoBOXgaeTca pe3knm n3MeHeHnem 4actoTbl M MOLL-
HOCTU BbLIXOAHOrO curHana [2]. Paciumnputk nonocy ne-
pecTporkn yacTtoTbl nossonsioT [AP B Bnae aucka unu
chepol, B KOTOpbIX nomumo konebanuit Tuna UM cyule-
cTBylOT U nyyesble konebauus [3, 4]. MNons nocneaHux
Nno CpaBHEHWID ¢ nonsimn konebawuni Tuna LW rnybxe
pacnonaraioTca 8 obnactu auanektpuka. Bosbyxaasce
Ha Onun3knx yactoTtax, nons konedanun tuna WM n ny-
yeBbiX konebaHun umelT obwme obnactn, B KOTOPbLIX
OHM nepekpbliBatoTca. Mepexoa 8 cnektpe KOP oT kone-
H6anuid Tuna LI k nyyeBbiM konebaHusm ocylecTBns-
eTcA NoCPeACTBOM BO3BYNAEHUA MPOMEXYTOUHBIX KO-
nebaHuii 1 CONPOBOXAAETCA MNABHLIM W3MEHEHNEM
PE30HAHCHOW YacToTbl. ITO CO3JAET BOIMOXKHOCTb Me-
XaHUYECKOW MEepecTPOMKM 4acToTbl B YCTPOWCTBAX Ha
0OCHOBE AMCKOBLIX M chepudecknx KOP, a Takke ux mo-
Ancbukayni.

I1.OcHOBHas 4yacTb

OCHOBOW 3KCNEPUMEHTANbLHOrO MakeTta reHeparopa
laHHa sBNAETCS NMocKkoe MeTannMueckoe 3epkano, Ha
KOTOPOM MoouyepeaHO pacnonaranicb NOMHOCTLIO UMK
YacTMYHO 3KpaHUpOBAaHHblE nonyauckosbie KAP u cto-
XacTuyeckue pes3oHaTopsbl TUNA «nonyouneapay, npea-
cTaBnsilolme cobol couneHeHwe nonyavicka ¢ napan-
nenenunegom. OTNMYME NOMHOCTLIO IKPAHUPOBAHHOTO
KAP oT YyacTU4HO 3KPAHMPOBAHHOTO COCTOWUT B TOM, UTO
y NOCneaHero OTCYTCTBYET MeTannuyeckas CTEeHKa Ha
OAHOM U3 GOKOBbLIX CTOPOH pe3oHaTopa. B npamoyrosnb-
HbIX OTBEPCTUSAX Ha 3epKane pasmelyanuce AUOAHble
Moaynu [2, 4]. Beisoa curHana us redepartopa ocyulecT-
BASAMCA B BOMHOBOJHLIA TPaKT HEMOCPEACTBEHHO U3

obnact pacnonoxexus avoaa [anHa. KoHcTpykuus
reHepaTopa npeaycMaTtpuBana BO3MOXHOCTb MNaBHOrO
N3MEHEHNA paguanbHOW KOOPAWHATHI BbIXOAHOMo OT-
BEPCTMA ANOAHOrO mMoayns. Takum o6pa3oM B sKcrepm-
MEHTE OCYLLECTBIIANCA Nepexon OT BbIHYXIEHHbIX KO-
neGanun tuna W Kk nyyeBbiM KOIE6aHMAM NPU UX BO3-
ByKOeHNN aKTUBHBIM 3NEMEHTOM rexeparopa.

Wcnonb3oBanuch nonyAnCKoBbIE KaP,
N3roToBeHHble 13 TechnioHa paamycom 38mMm u 19mm, 1
cTOXacTudeckue pe3oHaTopbl U3 TOro Xe Mmartepuana
npy paguycax noflyauckoe 19MmM u 9MM U pasnuyHon
BbicOTe napannenenuneaa (14mm, 15mm 1 19mm).

B 3KkCnepumeHTe M3Mepsnucb OCHOBHbIE XapaKTepu-
CTUKM reHepauun: MOLHOCTb, YacToTa U KPYTU3Ha anek-
TPOHHOW NMEePecTPOVKN 4YacTOTbl NPU PasNUUHLIX paan-
anbHbLIX KOOpAMHATaxX BbIXOAHOTO OTBEPCTUA AWOAHOro
moayns. flocne nepemeluennss pesoHaTopa reHepauws
kone6aHni AMOAHBIM MOAYIEM B HEM CPLIBAETCA NyTEM
MOHMXEHWS A0 HYINS HANPAXeHUA NuTanna anoAaa avHa
M fpy NOBTOPHOW NoOJaye MUTAIOWEro HanpsXeHus
ukcnpyeTcs paboyas yacToTa, KpYyTU3HA ANEKTPOHHOW
nepecTpokn U MOLLHOCTb FeHepaLmn BO3HMKLLNX Kone-
BaHnit ANA HOBOro MOnoOXeHUs pe3oHaTopa. Takas me-
TOAMKA MO3BONAET aHaANM3npoBaTh Kak 3ddekT saTarn-
BaHWA 4acTOTbl reHepauny konedaHun npu nepemete-
HUSIX pe3oHaTopa, Tak U 1ccnenosaTh XapakTepucTUkn
konebaHun, Bo3byXaaembiXx B CamMOM AVOAHOM moayne
AN KaXA0ro U3 NOJOXEHWUN pe3oHaTopa.

MpoBeaeHHblE WUCCNEfOBAHWUA MoKasanu, 4to Ans
BCEX McCneayembiX reHepaTopoB Haubonbwas MoL-
HOCTb BbLIXOAHOrO CUrHana W nyuwas crabunsHoOCTb
4acToTbi FeHepaunn No OTHOLIEHWIO K NapasuTHOMY 13-
MEHEHWIO HamnpsXeHus nuTauvwa guoaa aHHa, O KoTo-
PO MOXHO CyAWTb MO KPYTM3HE 3MEKTPOHHOW nepe-
CTPOMKM 4acToTbi, AOCTArAIOTCA MpU pasMeLleHn au-
OOHOrO MOAYNs HA 3epkane BO6NWU3M rpaHnubl pasgena
cpea, AvanekTpuk-meTann, T.e npu Bo3dyxaewun 8 KAP
BbICOKOA0GPOTHLIX konebaHuv Tuna LU, Mpu aBxeHnn
BbIXOAHOMO OTBEPCTUS AMOAHOrO Mogynsi Brnybe au-
3NEKTPUKa 0 UEHTPA OCHOBAHUA NOMYAUCKOBLIX U CTO-
xacTuiecknx KIP BbixogHas MOLHOCTb N CTabunbHOCTL
4acToTbl MOHWXKAKTCA. YacToTa reHepauuu npu STom
n3meHsieTcs 8 npegenax ot 3% ANA CTOXacTUYECKUX
KOP a0 4,5% ansa nonyanuckosbiX NOMHOCTBIO 3KPAHUPO-
BaHHbIX pe3oHaTopoB. YactoTa reHepauuv BHYTpWU no-
NOCbl MEXaHU4YeCKoW NEPECTPONKK ANSA FreHepaTopoB Ha
ocHoBe cTtoxacTuueckux KOP B oTnnyve OT reHepaTopos
Ha OCHOBE MONYAMCKOBbIX PE30HATOPOB WU3MEHSEeTCA
NnaBHoO, YTO NO-BMAMMOMY CBA3aHO C Boriee nNpocTsiMn
ycnosusimy hasoBOro CMHXPOHWU3MAa 3Hepriin, uanyuyae-
MOW AWMOAHbLIM MOZYNEM, C NONAMU COOCTBEHHBIX Korne-
Ganun KOP.

[lna BCcex BMOOB UCMOMNb3yeMbIX B 9KCNEPUMEHTE pe-
30HATOPOB FEHEpAaTOpPbl C NOMHOCTLIO 3KPAHNPOBAHHDI-
Mn KAP obnapaloT 60NbWMMi YPOBHAMMU MOLLHOCTU
BbIXOAHOTO CUrHana, Yem C YacTUYHO 3KPAHUPOBAHHbI-
MU pesoHaTopamu. OTO CBA3AHO C MEHbLUUMW pagwa-
LMOHHBIMY NOTEPSIMU 3HEpruu, YTo obrieryaeT pewenne
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3aja4n 3NEKTPOMArHUTHON COBMECTUMOCTW AMOAHOTO
MOAYyNsA C TAKUMK pe3oHaToOpamu.

[na resepatopoB Ha ocHoBe croxacTuyeckux KOP
YCTAHOBMEHO, YTO MOLLHOCTb TEHEepaLun MOHUXAaeTCs
NPV yMeHbLUEHUN paauyca KPUBM3HbI LIMIIMHAPUYECKON
noeepxHOCTU. Ee BenuunHa onpepenseTcs W BbICOTOM
napannenenuneaa, cocraensiowero pesoxartop. [lpu
3TOM ANS KaXAOrO pes3oHaTopa, oTnuvualowerocs pa-
AWYCOM KPUBM3HLL, CyulecTsyeT ONTUManbHaA BbICOTA,
npy KOTOpPOW AoCTUraeTcA HavmbonbLuasi MOWHOCTb Bbl-
XOAHOrO CWUrHana, YTo CBA3AHO C BbINOMHEHWEM yCno-
BWUY (pa30BOT0 CUHXPOHU3MA BOJTH.

Ill. 3aknoueHune

B paboTe nokasaHo, 4TO nyTem nepexoaa B nony-
AVCKOBOM 3KPAHWPOBaHHOM AWU3MEKTPUYECKOM pE30Ha-
Tope OT konebGaHWi Tuna Lenuyllen ranepen Kk nyve-
BbIM KonebaHnam npu BO3OYxAeHUU ux anogom MaHHa
YAAETCA NOMy4nTb MEXaHWYECKYI0 NEepecTponKky 4acTo-
Tbl B nonoce 8o 4,5%. Micnonb3oBaHne CToxacTu4ecko-
fO 9KPAHUPOBAHHOIrO AWINEKTPUUECKOro pe3oHaTopa B
KayecTBe KonebaTenbHOW CcuCTeMbl TBEPAOTENbHOrO
reHepaTopa NO3BONSAET MPOU3BOAUTE MNaBHYHO nepe-
CTPONKY 4acToTebl B nonoce Ao 3%. [NonHoe 3kpaHupo-
BaHve K[AP nossonser yBennyduTbe MOLWIHOCTb BbIXOAHO-
O CUrHarna reHepaTopoB Ha NX OCHOBE.
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GUNN OSCILLATORS BASED ON
SHIELDED DIELECTRIC RESONATORS
WITH MECHANICAL FREQUENCY TUNING

Lutsenko V. |, Lutsenko I. V., Korneenkov V. K.,
Kharkovsky S. N., Kogut A. E.

Usikov Institute of Radiophysics and Electronics,

NAS of Ukraine
12 Akademika Proskury Str., Kharkiv, Ukraine,
P. O. 61085,
Phone: +380 (572) 448593

e-mail: koguts @ic.kharkov.ua

Abstract - Features of Gunn oscillators based on shielded
dielectric resonators with whispering gallery modes and ray
oscillations are investigated. Their comparative analysis for
oscillators with different dielectric resonant structures is carried out.

|. Introduction

Active devices based on quasioptical dielectric resonators
with high-Q whispering gallery modes (WGM) possess well
known advantages, including high stability of input frequency
and comparatively clean oscillation spectrum. New challenges
facing mm-wave telecommunications require expanded
capabilities, such as provisions for wide-range frequency tuning
within the given values. Oscillators based on the shielded
dielectric resonators with whispering gallery modes cannot
tackle this problem due to narrow oscillation zones. The range
of frequency tuning may be broadened by applying disk or
sphere-shaped dielectric resonators which contain the WGM
and ray oscillations. These oscillations have different resonant
frequencies. The fields of the ray oscillations are buried deeper
into the dielectric material than those of the WGM. Thus, active
devices based on such resonators offer the opportunity of
mechanical frequency tuning through the transition of the WGM
into the ray oscillations.

Il.Main part

The basis for a prototype Gunn oscillator is a flat metal
mirror on which completely or partially shielded dielectric half-
disk and '"half-billiards table" type stochastic resonators (a
junction of half-disk and parallelepiped) were placed in turns.
The design of the oscillator provided for a smooth alteration in a
radial coordinate of the diode module output hole. In this way
the transition from the induced WGM to the ray oscillations was
achieved during the experiment when they were excited by an
active element of the oscillator. 38mm and 19mm-radius
dielectric Teflon half-disks were used, as well as 19mm and
9mme-radius stochastic resonators made from the same material
and parallelepipeds of various heights (14mm, 15mm and
19mm). Our research has shown that for all the oscillators the
largest output power and best frequency stability offering the
judgement on the rate of electronic frequency tuning are
achieved when the diode module is placed on the mirror close
to the dielectric-metal border, i.e. when high-Q WGM-type
oscillations are excited in resonators. During the movement of
the diode module output hole deeper into the dielectric structure
up to the center of the half-disk and stochastic resonators
mounting, the output power and frequency stability deteriorate.
The oscillation frequency changes within 3% limits for
stochastic resonators and up to 4.5% for dielectric half-disks of
the completely shielded resonators. The oscillation frequency
within a mechanical tuning range for stochastic resonators-
based oscillators changes smoothly compared to haif-disks
resonators-based oscillators. This is due to simpler conditions
of phase synchronism for waves radiated by the diode module
with characteristic oscillations of the quasioptical dielectric
resonators. For all the resonators used in the experiment the
oscillators with completely shielded resonators have larger
values of output power compared to partially shielded
resonators. This is related to smaller emission losses, which
alleviates the problem of electromagnetic compatibility between
the diode module and such resonators.

Ill. Conclusion

It has been shown that using stochastic shielded dielectric
resonators as oscillating system for a solid-state oscillator
allows for smooth frequency tuning over a range of up to 3%.
The complete shielding of quasioptical dielectric resonators
allows for an increase in the output power of oscillators
designed on their basis.
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