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AnHomayus — lNMpuBefeHbl  pesynbTaTbl  UCCREAOBaHWN
CBOWCTB Pe30HaTOPHbIX W3MepUTENbHbIX MpeobpasoBaTtenen
Ha OCHOBE NPU3MaTUYECKUX M LUNUHAPUYECKUX Pe30HaTopOB,
B03bOyxaaembix Ha Buaax konebanui Hign M Hoi, NpegHasHa-
YeHHbIX AN UCMOMb30BaHNSt B CKaHUPYIOLLEN MUKPOBOMHOBOW
MWKPOCKOMUN.

|. BBegeHue

MpyHUUN OencTBUst 30HAOBOrO CKaAHMPYHLLErO MUK-
poBonHosoro mukpockona (CMM) ¢ pesoHaTOpHbIM K3-
mMepuTenbHbiM npeobpasosatenem (PUI) ocHoBLIBaeT-
CA Ha (HOPMUPOBAHUWN MHE(OPMALMOHHBIX CUrHanoB B
BMAE U3MEHEHUIN PE30OHaHCHOWM YacToTbl U OBPOTHOCTU
PWIM, obycnoBneHHbIXx XapakTepoMm B3aMMOLENCTBUSA
nons MUKPO3OHAOBOW CTPYKTYpbl C uccrnegyeMbim o6b-
ekTom [1—2]. YyBCTBUTENBHOCTL M3MEPEHWUI MPU ITOM
OyneT onpenenaTbcst BENMYnHom fobpotHoctu PUT.

[eomeTpuyeckne pasmepbl M opmMa MUKPO3OHOO-
BbIX CTPYKTYp Takke BO MHOIOM onpeaensioT yHKLMO-
HanbHble W MeTpororMyeckme Bo3amoxHocti CMM B
Lernom.

B cBS13M C 3TMM BO3HMKaeT 3afdada Cco3gaHus Takux
PWIM, koTopble npu AOCTYNHOW M AOCTATOMHO MPOCTON
TEXHOMOrMM  M3roToBrieHMs obecneynBaloT  BbICOKYHO
UCXOOHYH [OOPOTHOCTL U 3h(PEKTMBHOE COMNpsKeHne
pPe30HaTOPHOM N MUKPO30HOOBOM YacTen.

Llenbio paboThl saBnsieTca paspaboTka u nccnegoea-
Hue xapaktepuctuk PUIM Ha ocHOBe TMMNOBBLIX pe3oHa-
TOPHbIX CTPYKTYp (OTPE3KOB perynsipHbIX BONTHOBOAOB 1
LIMIMHAPUYECKNX PE30HaTOpPOoB).

Il. OcHOBHasA 4YacTb

dyHkuymnoHanbHo PUIM ansa CMM MoxHO npeacTaBuTb
B BMAE CrieyoLmnx 3aNeMeHTOB: pe3oHaTopa, 3J1IEMEHTOB
CBSI3M pe3oHaTopa C U3MEPUTENBHON CXeMOWN, oTpeska
KoaKkcuanbHOWM JIMHUN, UMEIOLLUM C OOHOWM CTOPOHbI ar1e-
MEHT CBSI3M C Pe30HATOpPOM, a C APYroA — 30HAOBYHO
CTPYKTYpY Ans cdopmupoBaHust Tpebyemoro pacnpeae-
TNEeHWs Nors, B3aMMOAENCTBYIOLLIETO C FIOKaNbHbIM y4acT-
KOM mccrnegyemoro oobekta. CooTBETCTBEHHO XapakTe-
puctukn PUM B uenom ByayT onpenensatbca napamet-
pamu 1 KOHCTPYKLMEN ero aNemMeHToB, a Takke MmeToda-
MM COMPSKEHMS U COrnacoBaHWs UX Apyr C APYroM.

Paboyasi fobpoTHocTb PUIM rmaBHbiM obpa3om Oy-
OeT 3aBuUCeTb OT 4OOPOTHOCTU pe3oHaTopa.

HaunbGonee BbicOKOAOOPOTHLIM BMAOM KonebaHuii B
006beMHBIX pe3oHaTopax siBnsetcs Bug konebaHunm Hoin
B LMnMHOpuyeckoM pesoHaTope (Qo ~ 3:10" Ha vacToTe
10 MTu), ogHako npu ero KCMorb30BaHWM B COCTaBe
PUM BO3HMKalOT NpoGneMbl YCTpPaHEHWUs COMyTCTBYHO-
wero emy Buaa konebaHui Ej;n n HEMPOCTOE KOHCTPYK-
TMBHOE WCMOJSIHEHME nepexofa OT OOBLEMHOro LUIUH-
OpvYeckoro pesoHaTopa K 30HOOBOW KoaKcuanbHOW
cTpykType [3].

PacueTbl, NpoBedeHHble ONs MeOHbIX NpuU3MaTu-
YECKMX pe3oHaTopoB, BO3OYXAaemblX Ha BMAax kone-
OaHun Hion, NOKa3biBalOT BO3MOXHOCTb [OOCTUMXKEHMUS
[0CTaToOYHO BbICOKMX 3HaYeHui AobpoTHOCTH

(Qo ~ (0,5...1,6):10* Ha uacToTe 10TTw) [4]. Makcu-
MarnbHble 3Ha4yeHUs AOOOPOTHOCTM UMEKT Kybudeckue
pesoHaTOpbl, HO pPE30oHaTopbl Ha OCHOBE OTPE3KOB
CTaHOapTHbIX perynsipHbiX BOSMHOBOAOB Takke MO3BO-
naT obecneunTb UX BbICOKNE 3HAYeHUs. [JOCTOMHCTBOM
TaKknx pe3oHaTOpPOB SABMSIETCS MPOCTOTa U3rOTOBIEHUS U
CONPSXXEHUSA C BONTHOBOAHBIMU MIMHUAMU Nepeaay.

[Ona wuccneposBaHuin Bbina BblibpaHa KOHCTPYKLUS
npu3mMaTU4ecKkoro pesoHatopa, Bo3byxgaemoro Ha Buge
konebaHun Higs. Pe3oHaTop npeacraensiet cobow oT-
pes3oK CTaHA4apTHOro NMpPsIMOYrofibHOro BONTHOBOAA ceve-
Huem 23x10 mm, gnvHon 60 mm. CBA3b C NMHMEN nepe-
Jayn ocyuwecTsngeTca yepe3 auvadparMbl TOMLWMHOM
0,1 MM C KpyrnbiMu OTBEPCTUAMM B LieHTpe. Koakcnarnb-
HbI1 NPOBOAHWK 30HAOBOW CTPYKTYpbl BBOAMTCSA B pe3o-
HaToOp 4Yepe3 OTBEPCTUE B LEHTPE LUMPOKOW CTEHKU pe-
30HaTopa. 30HOoOBas CTPyKTypa npeactaBnsana cobon
KOaKcuanbHy0 NUHUIO OANMHOW PaBHOW HEYETHOMY Yunc-
ny JerBepTed ANWH BOJSIH, LEHTparnbHbI NPOBOAHWUK
KOTOPOW C OA4HOMW CTOPOHbI BXOAWUT BHYTPb pe3oHaTopa,
a C ApYyron 3akaH4YMBaeTCHA BbICTYNatoWMM 3a Kpan nu-
HUW OCTPUEM.

Ha puc. 1,a npuBeaeHo pacnpegeneHve nornen, Ha
puc.1,6 — BHewHW BMA npeobpasoBaTtenen Ha YacTo-
7ol 10 1 36 [Tu, BO3OYXOaeMblX COOTBETCTBEHHO Ha

Buaax konebaHum Hioz 1 Hio7.

Puc. 1. PacnpedeneHue nonel (a) u sHewHud sud (6)
PUIT Ha ompe3kax 8051IH080008.

Fig. 1. Distribution of fields and appearance of the RMT

£ N

a)

3HayeHns [O0BpPOTHOCTEWN, BbIYWCHEHHblE ANSA AaH-
HbIX PVIN coctaBunu BenuynHbl oT 0,5-103 oo 6-10°.

MamepeHns xapakTepucTuk 3KCnepuMeHTarbHbIX
obpasuos PUM Ha yactotax ~ 10 Ty n ~ 36 My noka-
3anM BO3MOXHOCTb OobecnevyeHVsi Ha MpPaKTUKe WCXOA-
HbIX pabounx [oGpoTHOCTEN nopsiaka (‘1,6...1,8)-103 7
(1,8...2,0)-103, COOTBETCTBEHHO, 4YTO KOppenupyeTt c
pacyeTHbIMU JaHHBIMK.

Bbin npoBefeH Takke aHanua 3NeMeHTOB N CTPYKTY-
pbl PUIM Ha ocHoBe LMNMHAPUYECKOrO pe3oHaTopa, BO3-
6y>xgaemoro Ha Buae konebaHuin Hoas.

PaccmoTpeHne nposoamnock Ans KoHCTpykuum PUN
C 30HAO0BOWN CTPYKTYPOW, MOAKIMIOYAEMOWN K pe3oHaTopy
yepes LMNNHAPUYECKYIO CTEHKY. KOHCTPYKUMSA M BHELU-
Hun Bug PUIN npuBedeHsbl Ha puc. 2. [invHa Koakcuanbs-
HOM 4acTn 30HAOBOM CTPYKTypbl And PUI Ha yactoTy
~10 Mu coctasnsAna (3/4)-A.
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Mpu ananuse PUI c anemeHTamu cBA3K (netnsamu),
pacrnonoXeHHbIMW Ha paccTosiHuM 1 MM OT MNOSoCTU
pe3oHaTopa CO CTOPOHbI TOPLLEBOW KPbILLKM, ANIMHE N30-
FHYTOM YacTu afieMeHTa CBA3M pe3oHaTtopa C 30HAOM —
3 MM, rmyburHe Norpy>KeHns U3orHyToM YacTu B MONOCTb
pe3oHaTopa B cepefuHe ero 60KOBOW LMNMHAPUYECKON
NMOBEPXHOCTU — 2 MM, Hapy>XHOro KoHua 3oH4a B Buae
OTKPbLITOW  KOAKCManbHOW  MNWHUM  C  pasMepamu
D/d = 3 mm/0,8 MM nonyyeHo 3HauveHwe [O6GPOTHOCTU
~ 2-10* Ha yacToTe ~ 10 [T 6e3 o6pasLia.
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Puc. 2. KoHecmpykuyus (a) u sHewHut aud (6) PUT
Ha sude konebaHul Hoi1.

Fig. 2. Design (a) and appearance (6) of RMT
for oscillation mode Ho11

MpoBegeHa onTUMM3auMs NapameTpoB 3f1IEMEHTOB
CBSI3U C Pe30HATOPOM W KOHCTPYKLMW 30HLOBOW CTPYK-
Typbl C LENbi0 NoNy4YeHnUs1 MakcumanbHON 4O0GPOTHOCTH
npu coxpaHeHun npeobpasoBaTeribHbIX CBOMCTB.

[pn akcnepumeHTanbHoM uccnegoBaHum PUIMT, uns-
FOTOBMEHHOTO M3 NaTyHU, KOHCTPYKUMS U BHELHWA BUA
KOTOpPOro nokasaHbl Ha puc. 2, Ha 4Yactote 9,9955 My
6bina nonyyeHa Ao6poTHOCTL ~ 9520.

[1l. 3aknroyeHue

[Moka3zaHa BO3MOXHOCTb peanu3aunv npeobpasoBa-
TenbHbIX PE30HATOPHBLIX YCTPOWCTB C KOaKCUarnbHbIMU
30HA4AMK Ha OCHOBE MCMOMb30BaHNS B UX PE30HATOPHOMN
4acTu OTPE3KOB perynapHbiX BOSIHOBOAOB U LMANHOPK-
YeCKMX pe30oHaTopOoB.

[Ona npenBapuTenbHOM OTPaAbOTKUM KOHCTPYKUMIA U
anemeHToB PUIT ncnonb3oBanucb MeTodbl YNCINEHHOTO
MOLENUPOBAHNST C MOCNEAYOLWMM U3rOTOBMEHNEM WU
nccrnegoBaHMEM SKCNepUMeHTanbHbIX 06pasLoB.

McxogHast pabodas AOOpPOTHOCTbL MCCNEeaOBaHHbLIX
PWIM pocTturaet BennymH 10,
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Abstract— The results of researches of properties of resonant
measuring transducers on the basis of the prismatic and cylindri-
cal resonators excited in oscillation modes Hjo, and Hoq1, intended
foruse in the scanning microwave microscopy are resulted.

I. Introduction

The operating principle of a probe scanning microwave mi-
croscope (SMM) with a resonant measuring transducer (RMT)
is based on formation of an intelligence signal in the form of
changes of a resonant frequency and quality of RMT, caused
by character of interacting of a microprobe structure field with
an investigated object [1-2]. Sensitivity of measurements will be
determined by a magnitude of RMT quality.

In this connection there is a problem of creating such RMT
which at accessible and rather simple manufacturing methods
provides high initial quality and effective mating of cavity and
microprobe parts.

The work purpose is development and research of charac-
teristics of RMT on the basis of typical cavity structures (pieces
of regular waveguides and cylindrical resonators).

Il. Main Part

The most high-Q oscillation mode in cavity resonators is
oscillation mode Hos, in the cylindrical resonator (Qo ~ 3:10% on
frequency of 10 GHz), however its use in RMT composition
provokes problems of elimination of Eiio oscillation mode ac-
companying it and an uneasy design of transition from the vol-
ume cylindrical resonator to coaxial structure of probe [3]. The
calculations performed for copper prismatic resonators, excited
on Hjo, oscillation modes, show possibility of achievement ra-
ther high values of quality (Q, ~ (0.5... 1.6) -10* at frequency of
10 GHz) [4]. The maximum values of quality have cubic resona-
tors, but resonators on the basis of pieces of standard regular
waveguides also allow providing their high values. Advantage of
such resonators is simplicity of manufacturing and mating with
waveguide transmission lines.

Fig. 1,a shows fields distribution, Fig. 1,b - appearance of
RMT at frequencies of 10 and 36 GHz ecxited accordingly in
oscillation modes Higs and Hior.

Measurements of characteristics of experimental samples
RMT at frequencies ~ 10 GHz and ~ 36 GHz showed mainte-
nance possibility in practice of initial working qualities of an
order (1.6...1.8)-10° and (1.8...2.0)-10°, accordingly, that corre-
lates with calculated data.

The analysis of elements and structure RMT on the basis of
the cylindrical resonator excited in Hqi; oscillation mode has
been also carried out.

Optimization of parameters of communication elements with
the cavity and probe structures for the purpose of reception of
the maximum quality at conservation of converting properties is
carried out.

At experimental research of RMT, whose design and ap-
pearance are shown on Fig. 2, Q-factor of ~ 9520 has been
gained at frequency of 9.9955 GHz.

lll. Conclusion

Possibility of implementation of converting resonance de-
vices with coaxial probes on the basis of use of pieces of regu-
lar waveguides and cylindrical resonators in their resonator part
is shown.

Initial working quality of RMT under study reaches values of
the order about 10”.
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