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UccnepoBaHne AONONMHUTENTBHOMN MOAbI pe3oHaTopa
Ha OCHOBe ﬂpOd)MﬂMpOBaHHOFO CaI'ICbI/IpOBOFO ANCKa

J.A. ®ponos, J.I1. [{apankun

Can¢upoBble TIIEKTPHIECKIE PE30HATOPHI, HCIOIb3yeMble B MAOIIYMAIINX aBToreneparopax CBY juist moBbImieHns: JOOPOTHOCTH KOTe-
0aTeNbHOI CHCTEMBI, IMEIOT BUJ] IVI IKOTO IIIIMH/IpA WM AUCKa BHYTPH COOCHOTO METaJUTMIECKOro 9KpaHa. [IocKombKy BBICOKOIT 10OpPOTHO-
CTBIO 00JIA/IAI0T TOJIBKO BBICIIME a3UMYTAJIbHBIC MOJIbI PE30HATOPA, B OKPECTHOCTH BEIOPAHHON MOIBI CYIIIECTBYET MHOXKECTBO JAOMOIHHUTEb-
HBIX PE30HAHCOB, CIIOCOOHBIX HAPYIINTh HOPMAJIbHYIO paboTy TeHepaTopa.

Jnst pa3peskeHus CIIeKTpa MEeIaomuX KojaebaHni pe3oHaTopa BOIU3H MPEIIMICAHHOH YacTOTHI OBUIO MPEITIOKEHO 3aMEHHUTH IIAJIKYIO ITH-
JIMH/IPUYECKYIO CTEHKY Pe30HATOpa HeKOil MepHoINIecKn PO HINPOBAHHON OBEPXHOCTHIO. B mpoliecce nccienoBanus Obliia oOHapykeHa
HEM3BECTHAs paHee MO, UMEIOIask COIOCTAaBUMYIO C TIIAHOBBIMH MOAAMHU JOOPOTHOCTH. Ee MydHOCTH HaXOAATCS HE B «JIEHECTKAX» candu-
POBOTO IEMEHTA, KaK MOXKHO OBLIO ObI OKUIaTh, & MPUMBIKAIOT H3HYTPH K BBIPE3aHHBIM OKPYXKHOCTSIM.

Ioka3aHo, 4yTO HOBas CTPYKTYpa JUCKA MO3BOJISET MOBBICUTH JOOPOTHOCTh PE30HATOPA HAa MOJIaX ¢ 60jIee HU3KUM a3UMYTaabHBIM HOMEPOM,
TIPHYEM C yBEIMIECHUEM a3uMyTalbHOTO HOMepa HAOMIofaeTCs CHIDKEHHE TIPUPOCTa JOOPOTHOCTH MIPH MTEPEXO/IE OT HEMPOPHUITHPOBAHHOTO
JIMCKA K TIPO(QIINPOBAHHOMY.

BersicHeHo, uTo BBeAeHNE TPOGHINPOBAHHS Carl(pUPOBOTO IEMEHTA ITO03BOJISET CYLIECTBEHHO CHI3UTh 00beM pe30HaTopa, Omaronapsi yMeHb-
HIEHNIO TPeOyeMOro 3KpaHa paanyca. MoXXHO HoJarars, 9To OHOBPEMEHHO OyleT HaOIonaThesl pa3peskeHHe CIIeKTPa Pe30HAHCHBIX YacTOT.

Kniouesvie cnosa: mpodunmpoBanne, TUCKOBBIN THAIEKTPUISCKUN pe3oHaTop, candup, CBU-aBroreneparop.
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Studying the Additional Mode of a Profiled Sapphire Disk Resonator
D.A. Frolov, D.P. Tsarapkin

Sapphire dielectric resonators used in low-noise microwave self-oscillators for improving the oscillatory system Q-factor usually have the form of
a smooth cylinder or disk inside a coaxial metal screen. Since only high azimuthal modes of the resonator possess a high Q-factor, a multitude of
additional resonances able to upset normal operation of the generator exist in the vicinity of the chosen mode.

To rarefy the spectrum of the resonator” interfering oscillations near the prescribed frequency, it was proposed to replace the resonator’s smooth
cylindrical wall by a certain periodically profiled surface. During the investigation, a previously unknown mode was revealed, which had a
Q-factor commensurable with that of the planned modes. Its antinodes were found to be adjacent (from the inside) to the cut out circles and not in
the sapphire element "petals" as might be expected.

It is shown that by using the new disk structure it becomes possible to improve the resonator’s Q-factor in modes with a lower azimuthal number,
and it should be noted that the Q-factor gain decreases with increasing the azimuth number when a shift is made from the plain disk to a profiled one.
It has been found that with using a profiled sapphire element it becomes possible to substantially reduce the resonator volume owing to a smaller
required screen radius. It can be expected that a more rarefied spectrum of resonant frequencies will simultaneously be obtained.
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Hcnonp3oBanme m3BecTHBIX (opm CJIP ocmoxHEeHO
BeeneHue

HAJNYHEM y PE30HATOPA [YCTOrO CIEKTPa MOOOUHBIX KOJie-

0aHM, CHIDKAIOIIUX JOOPOTHOCTH paboyveii MOIBL, 3aTpy-
CoBpeMeHHBIE Majomrymsmue aproreneparopsl CBY

HCTIONB3YIOT Car()UPOBBIC AUAICKTPUICCKUE PE3OHATOPEI
(CP) mnst moBBIIEHUSI JOOPOTHOCTH KoJeOATEIbHOM CH-
cteMsl [ 1 — 5]. Harie Bcero pe3oHaTopsl UMEIOT BU TIA-
KOTO IWJIMHJPA WK AUCKA BHYTPU COOCHOTO METaJlIHye-
ckoro 3kpana [1 — 3], ogHako UMEroTCs U APyTHe (GOPMBI
CIIP. B paHHUX HCCIEIOBAHUSX OHU BBIIISLIAT KaK KOJIBLIO

HSIOUIMX MEPECTPONKY YACTOThI, YCIOKHSIFOIIUX padoTy B
nuarasoHe temmeparyp. [IpoBeaeHHBIC UCCICIOBAHUS TI0-
Ka3ajM, YTO OAHWM W3 BapHAHTOB Pa3pEIICHHUS MEPEUnC-
JICHHBIX TPYIHOCTEH SIBIISICTCS CIICIUPHUSCKOS TPOPUITH-
pOBaHME MWIMHIPUIECCKON MOBEepXHOCTH nuckoBoro CJIP
[6, 7]. [lomyTHO OBLT OOHAPYKEH HOBBIM THI KOJCOAHMIA,

[4], B OMHOM M3 BapHaHTOB MEXaHUUECKON TEPMOKOMIIEH-
caluy pruoOpeTaoT BUJ Yalu [5] u T. 1.
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MO3BOJISIFOIIMI YMEHBIIUTh JUAMETP 3KpaHa, a COOTBET-
CTBEHHO, U 001I1e rabapuThl pe30HATOPHOTO OJI0Ka.
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HoBas mopa

[Ipn pacuere mnonedl npodMWIMPOBAHHBIX candupo-
BBIX JIMCKOB OblIa OOHapy)KeHA HEM3BECTHAsI paHee MOJa,
MMEIOILast COIIOCTaBUMYIO C IUIAHOBBIMH MOJIAMHU TOOPOT-
HOCTb [6]. Pacnipenenenue aneKTpOMarHUTHOTO MOJISI ATOU
MOJIBI B TIOIIEPEYHOM CEUEHHH JMCKa MOJOOHO pacmpene-
nennro nons HE6 (puc. 1, @), HO ee myuHOCTH, U300pa-
JKEHHbIE Ha PUC. 1, O KEITO-KPACHBIM LIBETOM, HAXOJATCS
HE B «IEMecTkax» canupoBOro >IEMEHTa, KaK MOKHO
Ob110 OBI OXKU/IATH, & TPUMBIKAIOT U3HYTPH K BEIPE3aHHBIM
OKpY’>KHOCTAM (puc. 2). DTa Moja Ha3BaHa «HOBOI» [7] u
UICHTU(QUIUPYETCS UHICKCOM 71, H00aBIIEMbIM K CTaH-
JApTHOMY 0003HAYEHHIO THIIA MOIBI.

7

Puc. 1. Pacnpenenenue snekrpoMarHuTHbIX nonedt moasl HE6
JUTSL HeTIpO(HIINPOBAHHOTO (@) ¥ IPOMMIMPOBAHHOTO (0) TCKOB

Puc. 2. PacuetHast Mmozienb (BHI CBEPXY)

Mogenb pe3oHaTopa

MonenupoBaHue MPOBOAMIOCH C TIOMOIIBIO MPOTpaM-
Mer CST Microwave Studio [8, 9]. Ha puc. 2 moka3zan auck
C paInyCoM LEHTPAIBHOTO JIUCKa Can(upoBOro kepHa R,
PaBHBIM PaJNyCy aHAIM3UPYEMOro pe3oHaropa 0e3 mpo-
(umpoBaHus, ¢ OOABICHHBIMH K HEMY OKPY)KHOCTSIMU
pamuycamu R | 1 BbIDE3aHHBIMU OKPYKHOCTSIMH pa/inyca-
MH R . KOnM4ecTBO ymoMsSHYTBIX OKPY)KHOCTEH COOTBET-
CTBYET yABOCHHOMY a3MMYTaJIbHOMY HOMEPY aHaIU3UPY-
€MOIi MOJIBI.

Beenem ¢opmar npodummposanns @ = R /R, kax
OTHOIIIEHHE pajinyca 0a30BOTO INIAJKOTO JUCKA K PainyCy
BeicTyna. [Ipu uccienoBaHuy BIMSHUS STOTO NapaMeTpa
Ha pacrpe/ieieHHe Mol CKOPPEKTHPYeM COOTHOIICHHE
paanycoB R u R, Tax, 4T00bI MOy 4aeMblii npouib auc-
Ka BCeryia 0CTaBajcs IIIaJIKOH KPUBOIA.

Jlist MakcuMu3anuy 10OpOTHOCTEH BBIOpPaHHBIX MOJ
W3YYHM BIIMSHUE PACCTOSHUS OT METHOTO AKpaHa pajnyca
R 10 IMIMHAPUYECKOH TTOBEPXHOCTH HEMPOQUINPOBAH-
Horo pe3oHaropa. C 3TOH IeNbi0 BBEJEM OTHOCHUTEIBHBIN
panuyc okpana k = R /R .

IIpn MoxemmpoBanuy 1OOPOTHOCTH cardupa yMeHbIIa-
eTcsl Ha MOPSAIOK 10 CPAaBHEHUIO C PEaIbHOM T0OPOTHOCTHIO
B IIEJISIX YCKOPEHHS PACUETOB U ToyiaraeTcst paBHoi 10%,

Pesyn bTaTbl MOoAennpoBaHusa

Ilecras a3umyTajibHasi MOJIa

IIpoBenen ananmu3 moasl HE6 (cm. puc. 1) mns peso-
HATOPOB C MPOMMIMPOBAHHBIM W HEMPOGHUINPOBAHHBIM
nuckamu. B mporiecce BaphupoBajics napameTp k M pac-
CYUTBIBAIMCH TOOPOTHOCTH MOJ Q.

PaccunTanHble 3HAYEHUST JOOPOTHOCTEH MpenCcTaBie-
HBI Ha PHC. 3, OTKy/a CIEMyeT, 4TO MPO(UIHPOBAHIE TUC-
Ka OpUBOJUT K YBECJINYCHUIO I[O6pOTHOCTI/I, IIpu4eM Mak-
cuMyM Q) IOCTUIAeTCsl IPU MEHBIIMX 3HAYCHUAX R .
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Puc. 3. 3aBucuMocTs T0OPOTHOCTH POGHIMPOBAHHOTO U HEIPOPHINPOBAHHOTO NHUCKOB 1u1st Mozel HEG

Wzyyeno BiusiHue opmara npoduImpoBaHus Ha J10-
OpOTHOCTH W YaCTOTHBIC XapaKTEPHCTUKHA MO ¢ Ooiee
HU3KHUM a3UMYTaJIbHBIM HOMEPOM.

IIsiTas a3umyTanbHas MoAa

Amnanusupoanmuck Moasl HES u HESn, anms xotopbix
TIOJTYYEHBI T€ K€ THITBI XapaKTePUCTHK, YTO U JUIS YeTBEp-
TO Mozbl. Pe3ynbTaTsl mpencTaBieHsl Ha puc. 4, 5.

W3 puc. 4 BUAHO, 4TO MaKCUMyM JTOOPOTHOCTH KOJIe-
6anms HESn, mo-npexxnemMy, HMeeT MeCTO TIpH K, = 2, HO
MEHEE PE3KO BBIPAXKEH 10 CPABHEHHIO C YETBEPTON MOIOM.
IIpu 3ToM nodportrOCTs MOIEI HESn B 4 pasa Oobine m0-
6poraoctu moxsl HES. JIooporHOoCcTs MOl HESn yObIiBa-
eT (cM. puc. 5) pu yBenu4eHUH (opmara mpopuInpoBa-
HUSI CBEPX IISITH.

YeTBepTas a3uMyTaJIbHasI MO

Jns geTBepTOM a3MMyTaNbHOM MOJIBI aHAJIM3MPOBaA-
muck Moasl HE4 n HE4n, paccunThIBaINCh 3aBHCUMOCTH
100poTHOCTH 00enXx Mojl OT mapamerpa k, (puc. 6) u as

O1..

600071
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HalJICHHBIX 3HAUCHHH, 00ECHEeYNBAIOIINX MaKCUMyM JI0-
O6potHocT Moabl HE4n, BeuucHsiach 3aBUCUMOCTH J0-
OpoTtHOCTH OT (hopmara mpodumuposanus @ (puc. 7).

W3 nanHbIX pHUC. 6, 7 cieqyeT, yTO NpPU YBEIUYEHUU
PacCTOSHUS MEXKAY DKPAHOM U AUAIEKTPUUECKUM KEPHOM
NO0OPOTHOCTB PAcTeT JIO TeX MOp, MoKa R He NPEBbIIIACT
pamuyc R MCXOIHOTO IIAJKOTO CandupoBOro KepHa IpH-
MEpHO BBOE€ (CM. pHuC. 6), MPU 3TOM JTOOPOTHOCTH MOIBI
HE4n B 7 pa3 npeBsimmaet 1o0poTHOCTS MOIBI HE4.

[Tpn yBemmuennu Qopmara npodpumpoBanust (cM. puc. 7)
nmobporHocTh Monel HE4n yObiBaeT u cTpeMuTCs K J0-
6potHoctu HE4 MofbI.

3aknro4veHue

W3 momydeHHBIX pEe3ylbTaToB CIIEAYeT, YTO HOBas
CTPYKTYypa AWCKa TO3BOJISIET MOBBICHTH TIOOPOTHOCTH pe-
30HaTOpa Ha Mojax ¢ OoJjiee HU3KUM a3MMYTaJIbHBIM HO-
MEpOM.
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Puc. 4. 3aBucuMoCTh TOOPOTHOCTH OT OTHOCHTEIBHOTO painyca SKpaHa
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Puc. 6. 3aBucumoctb I[O6p0THOCTI/I pe3oHaTopa OT OTHOCUTEJIBHOTO paJinyca 3KpaHa
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[TpuBenennsie Ha puc. 3 — 7 rpadMKu JeMOHCTPUPY-
0T, YTO TIPH yBEJTUUEHUH (opmaTa MpopInpoBaHus J0-
o6poraocti Mo HE4n m HESn cTpemsTcs k 1oOpOTHOCTAM
mon HE4 u HES, nockonbKy npu 3TOM MPOUCXOJUT IIaB-
HOE TIOJIaBJICHNE CTETICHH MPO(MINPOBAHUS JANCKA.

C yBenu4eHHeM a3uMyTaIbHOTO HOMepa HaOoIaeTcst
CHIW)KEHHE IIPUPOCTa JOOPOTHOCTH MPH MEPEXosie OT He-
MPOGUINPOBAHHOTO JFICKA K IPOPITHPOBAHHOMY.

Jloka3zaHo, 4TO BBeZeHHE NPO(MINPOBaHUS carndupo-
BOTO 3JIEMEHTA CYILIECTBEHHO CHIDKAEeT 00bEM pe30HaTopa
Ornarojapsi YMEHBIIEHHIO TpeOyeMOro SKpaHa pajauyca.
MOo>XHO TToJIaraTh, 9TO OAHOBPEMEHHO OyJeT HaOMI0AaThCs
pa3peXCHHE CIIEKTPa PE30HAHCHBIX YaCTOT.
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