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AHHOmauyusi — lpoBedeH aHanM3 BO3MOXHOCTEN MCNOfb-
30BaHUA KOHUYECKUX KOaKCualbHbIX PEe30HaHCHbIX CTPYKTYpP,
BOSGy)K,D,aeMbIX Ha BbICLUNX BblCOKO,D,OGpOTHbIX BMaax koneba-
HUWA, AN CO34aHUs PE30HATOPHbIX U3MEPUTENbHbLIX npe06pa-
3oBaTenen ans CKaHupyrLiero MMKpoBOJTHOBOro MMKpOCKona.

|. BBegeHue

Mpu ncnonb3oBaHWN Pe30HATOPHBIX N3MEPUTENBHbIX
npeobpasosatenen (PUIM) B ckaHMpyloLwEeM MUKPOBOI-
HoBoM mukpockorne (CMM) nHdopmaumoHHbIe curHansl
npeacTaBnsT cobor u3MeHeHUs 4OOPOTHOCTU U COBW-
M pe3oHaHCHOM 4acCTOTbl, BENIMYMHA KOTOpbIX onpeae-
NsieTcsi USMEHEHUSIMU BENUYMHBI NOTEPb U OUSNEKTPU-
YECKOW MPOHMLIAEMOCTU FTOKaNbHOrO y4yacTka NOBEPXHO-
cTn uccriegyemoro martepuana [1, 2]. Mpu atom, yem
Bbille fobpoTHOCTE PUM, Tem Bbille YyBCTBUTENBHOCTb
N3MEPEHUN.

®yHKLUMOHANbLHO, a B GOMbLUMHCTBE CINy4YaeB U KOH-
cTpyktusHo, PUIN CMM cocTonT 13 AByx Yacten: peso-
HaTOPHOM W MUKPO30OHAOBOW. Pe3oHaTopHas [ormkHa
UMeTb MaKCMMarnbHO BO3MOXHYK OOOPOTHOCTb, @ 30H-
[oBasi — MaKCMMarnbHO FOKann30BaHHY0 MNpOJoSibHYO
(z-10) cocTaBnsALLYO NOMs.

Llenbio paboTbl sIBNsieTCA aHanM3 BO3MOXHOCTEW
MCMONb30BaHUSA KOHUYECKMX KOAKCUamnbHbIX PE30HaHC-
HbIX CTPYKTYp, BO30Y)XOaeMblX Ha BbICLUMX BbICOKOLOO-
POTHbIX BMaax konebanwii, ans cosganus PUM CMM.

Il. OcHOBHasa 4YacTb

MakcrmanbHble 3Ha4yeHust co6CTBEHHOM [06pPOTHO-
CTN OObLIYHO OOCTUralTCH C MOMOLLbIO 00beMHbIX CBY
pe3oHaTopoB (~ 10°...10* B 3aBMCMMOCTM OT BKAA KoOre-
6aHun 1 cnonb3yemoro matepuana).

TexHonornyeckn Hanbonee ygobHbIMK B U3rOTOBIIE-
HWUW SBMSIOTCS OCECUMMETPUYHBIE PE30HATOPbI: KOaKCK-
anbHbIe UMW UMNMHOPUYECKUE.

B KOHCTPyKUMWM KOAKCManbHOrO KOHYCHOrO YeT-
BEPTbBOJIHOBOIO pe3oHaTopa [OCTAaTO4YHO MPOCTO pea-
nnsyoTcs konebanunst Ha BonHe TEM Tuna u nnaeHbIf
nepexon OT pe3oHaTtopa K 3oHay (puc. 1,a). Hegocrar-
KOM TaKOW KOHCTPYKLUMU SIBNSIETCH HM3Kas 4OGPOTHOCTb
YeTBEPTHBOITHOBLIX PE30HaHCOB KOAKCUaribHOM CTPYK-
Typbl, KOTOpbIE, KaK NpaBuo, Aaxe AN TEOPETUYECKMX
OLIEHOK He MpEeBbILAT HECKOMbKMX ThICAY, @ Ha NpaKkTu-
Ke C y4eTOM CBsi3el U MOoTepb B COEAMHEHMUSIX MOTyT
GbITb M MeHee 10°.

Kak nokasbiBaeT MoAENbHbIA 3KCMEPUMEHT, B KOHU-
YECKOM KOaKCMamnbHOM pe3oHaTope TakkKe BO3MOXHO
BO30OyxaeHue konebaHun, otTnnyHbix ot TEM, npu yBe-
NMYEHUN OTHOLLEHUS BHYTPEHHErO AMameTpa BHELLUHErO
3KpaHHOr0 MPOBOAHUKA K AMaMEeTpy BHYTPEHHEro
(pnc.1,6). OobpoTHOCTL pe3oHaTopa nosyvaeTcs npu
3TOM B HECKONbKO pa3 Gonbluen, Yyem ans konebaHui
BornH TEM tuna. Bapuauuen yrna packpbiBa KOHyca, ero
ONVHBbI U OTHOLUEHWSI COOTBETCTBYKOLUMX [UaMeTpoB
NPOBOOHMKOB MOXHO obecneuntb Heobxoanmoe 3Hade-
HVe pe3oHaHCHOW YacToThl.

CpaBHeHVe 1 aHanu3 CTPYKTYpbl 3NEKTPOMarHUTHbIX
nornew B NonepeyYHoM CeYeHUW 30Hbl BO3OYXOEHUsI KO-

Huyeckoro PUIM 1 ogHOro 13 BO3MOXHbIX BbICLUMX TUMOB
BOMH B KOAKCManbHOW MMHUKU NOKa3blBaKOT, YTO BbICOKO-
[OOPOTHbIV PE30HAHCHbIV OTKIMK B KOHUYECKOM KOaKCU-
anbHom PUIM MOXHO wmAaeHTMUUMPOBaTb C HU3LIUM
B1AoM konebaHui Hi11 B LMAMHAPUYECKOM pe3oHaTope.

Wz 7777772

Puc.1 Cmpykmypa nonsi E 8 KOHyCHbIX
KoakcuasnbHbix PUII.

Fig. 1 The structure of E in the conical coaxial RMT

B pabote [3] nokasaHo, 4YTO B TaKMx KOHUYECKMX KO-
aKkcuanbHbIX CTPYKTypax MOryT CyLlecTBOBaTb TaKke
pe3oHaHcHble KonebaHusi, CTpykTypa Mons KOTOopbIX
noxoxa Ha CTpykTypy konebanui Hiiz, Eo11, H221 B UM-
nuHgpuyeckom pesoHatope. CobcTBeHHas 4OOBPOTHOCTL
Takmx KonebGaHwui OoCTuraeT BenuYMH Nopsigka 10* u
BbILLE.

ObecneyeHne paboTbl paccmaTpuMBaeMbiX pPe3o-
HaHCHbIX HeperynsipHbIX CTPYKTYp Ha u3bpaHHOM Buae
konebaHu SBNSieTCS AOBOMBHO CIOXHOW 3neKTpoau-
HaMW4eCcKON U TEXHWYECKOW 3afadvein, NMOCKOMbKy Takas
CTpykTypa obnagaetr MHOMOMOAOBOCTBIO M MOXET BO3-
OyxgaTbCs Ha pasnuyHbIX Buaax konebaHunm B pabovem
AunanasoHe 4acToT.

Tak, Hanpvumep, ANS KOaKCManbHOW HeperynspHomn
CTPYKTYpbl ¢ pasmepamu L — 81 mm, Ry — 16 Mm gnana-
30He vacToT 8,01...12,23 [Ty 6yneT Bo3HuKaTb 8 pe3o-
HaHCOB, BKIIOYasa N OTHOCUTENBbHO HM3KOO40OPOTHBIE (A0
1,5...2-103) Pe30HaHCbl N-4eTBEPTbBOSIHOBLIX KOaKCu-
anbHbIX pe3oHaTopos [3].

KonnyecTBo BO3MOXHbIX PE30HAHCOB B TaKOW CTPYK-
Type MOXeT ObITb COKpalleHO 3a c4yeT Bblbopa KOH-
CTPYKUMN N MecCTa MNOAKIOYEHMS 3MEMEHTOB CBA3MW,
npegHa3HavYeHHbIX Ans Bo30yxaeHus BbIbpaHHOro BMaa
konebaHu ¢ onpeaeneHHoON OpueHTaLmen MarHUTHbIX U
3NEKTPUYECKNX COCTaBMNAOLLMX NOMS.

OkcnepumeHTanbHas npoBepka pe3ynbTaToB 4uc-
NEHHOrO0 MOAENVPOBaHUA OCYLLEeCTBNANack NyTeMm Uc-
crnefoBaHusa pexxuMoB paboTbl MakeTHoro obpasua Ko-
HM4yeckoro koakcnanbHoro PUMM, BHeLIHWI BUA KOTOPOro
npuBeneH Ha puc. 2.
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Puc. 2. BHewHUU 8U0 KOHUYECKO20 KoakKcuasibH020
PUrl.

Fig. 2. The appearance of the conical coaxial RMT

Mpu 3aKcnepuMeHTanbHbIX UCCNEAOBAHUSIX KOHWYe-
CKOW KOaKcuanbHOWM CTPYKTyphbl (puc. 2) bbina BbigBNeHa
BO3MOXHOCTb €e BO30OYyXAEHWsI KaK HA YeTBEPTbBOJIHO-
BbIX PE30HaHCax BomHbl Tuna TEM (Q, ~ 2...3-10%), Tak
M Ha BbiCWUMX Buaax konebaHui tvna kBasn-Hiix (Qu ~
3...4-103). Mpy aTom BNMsiHWME XxapakTepucTuk obpasua,
pa3mMeLtaemoro B6nmsm 3oHaa, Ha A4OOPOTHOCTb N pe3o-
HaHCHYK 4acToTy BO30yxaaeMbix konebaHui nposiBnsi-
Nocb TONBbKO AMs1 YEeTBEPTHBOSHOBbLIX pe3oHaHcoB. Ko-
nebaHusa Buaa kBa3n-Hijx Bo3Oyxganucb B KOHUYECKOMN
CTPYKTYype 1 6e3 ueHTpanbHoro nposogHuka. CBasb 3T0-
ro BMAa pe3oHaHca C 30HOOBOWM 4acTbi yaanochb obec-
neynTb NyTEM pas3MeLLEHNs] akCuanbHOro NPOBOAHMKA B
3anpeaenbHOM yvacTka KOHyca.

K HepocTaTtkam paccmatpuBaemMoro BbICOKOAOOPOT-
Horo PUI MOXHO OTHECTW CNOXHOCTb €ro aHanutude-
CKOrO ONWCaHWsi, YTO 3aTpyaHseT npeaBapuTenbHbIn
pacyeT 9KCMepuMeHTanbHOro obpasua Ha 3agaHHoe
3Ha4yeHne 4acToTbl, a TaKKe CIOXHOCTb TEeXHOMNorum
NOMNy4YeHUss Ka4eCTBEHHbIX KOHNYECKUX MOBEPXHOCTEN U
COOCHOMO BbLICOKOTOYHOIO COMPSPKEHUS [OBYX KOHYCOB
(BHYTpEHHero NnpoBOAHMKa N BHELLHETO).

[1l. 3aknoyeHune

PesynbTaThl, MofyYyeHHble MNpU MOAENUPOBaHUM W
3KCrepuMMeEHTanbHbIX uccrnegosaHusix PUM Ha ocHoBe
KOHWYECKUX KOaKCUamnbHbIX CTPYKTYp, [0Ka3blBalT BO3-
MOXXHOCTb MOCTPOEHUS] BbICOKOAOOPOTHLIX KOoakcuasb-
HbIX MpeobpasoBaTenen, BO3GYXOAEMbIX Ha BbICLUMX
BMaax konebaHui, 1 No3BonsoT paspaboTaTb BbICOKO-
YyBCTBUTENbHbLIE  Pe3oHATOpHble  npeobpasoBaTenu
paccMmoTpeHHoro Tuna Ans CMM, 4To JOMKHO NPUBECTU
K MOBbILEHWIO YYBCTBUTENBbHOCTM MPOBOAMMbIX C €ro
MOMOLLbIO UCCIe[0BaHUNA.
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Abstract — The possibilities of using the conic coaxial reso-
nant structures excited in high-Q oscillation modes, for develop-
ing resonant measuring transducers for a scanning microwave
microscope are analyzed.

I. Introduction

In a scanning microwave microscope (SMM) resonator
measuring transducer (RMT) are used. The changes in a Q-
factor value and resonant frequency shift of RMT are deter-
mined by variations in the value of losses of an dielectric permit-
tivity of the surface local area [1,2]. The measured changes in a
Q-factor and the resonant frequency shift are intelligence on the
properties of the material being studied. The higher is the RMT
Q-factor, the higher is the SMM sensitivity. The SMM RMT
structure comprises two parts: resonator and microprobe. The
resonator part should provide a maximum Q-factor and the
sound part should provide the maximum localized longitudinal
Z-th component of the electromagnetic field.

The aim of the paper is to analyze the possibilities of using
the conic coaxial resonant structures excited in higher-order
oscillation modes for RMT SMM.

Il. Main Part

The maximum values of the basic Q-factor of microwave
cavity resonators are equal to 10°%...10* and depend upon the
oscillation mode and the resonator housing material. The axis-
symmetrical resonator coaxial or cylindrical are the simplest in
manufacture.

In the construction of a co-axial conic quarter-wave resona-
tor TEM-wave are excited and a smooth junction from the reso-
nator to the probe (fig. 1,a) is realized. The shortcoming of this
construction is the low Q-factor of the quarter-wavelength reso-
nances of coaxial structure which, as a rule, even for theoretical
estimations do not exceed several thousand, but in practice
they can be less than 10° with regard for couplings and losses in
connections.

The mathematical experiment indicates that in the conic co-
axial resonators the oscillations that differ from TEM a waves
are also excited, as the ratio of an internal diameter to external w
screen conductor increases. In this case the oscillation Q-factor
is several times greater than for oscillations of TEM-waves.

The necessary value of the resonant frequency can be en-
sured by changing the comparison is made and the structure of
electromagnetic oscillations in cross-section of conic RMT excita-
tion zone is analyzed. Besides, one of the possible higher—order
oscillation in RMT in the form of the cylindrical coaxial line is con-
sidered. It has been revealed that the high Q-factor resonant
response in the conical co-axial RMT indentified can be identified
with lower-order oscillations Hy1; in a cylindrical resonator.

As will be apparent from the comparison and analysis of
electromagnetic field structures in a cross-section of the conic
RMT excitation zone and one of the possible higher-order
waves in the coaxial line, the high-Q-factor resonance response
| a conical coaxial RMT can identified with lower order oscilla-
tions Hiiy in a cylindrical resonator. The model experiment in-
volving the use a control coaxial resonator indicates that an
increase in the ratio between internal and external diameters
way also lead to oscillators different from TEM modes (see
Fig.1,b). The resonator Q-factor the achieved is by several
times higher than for TEM mode oscillations

In [3] it is shown that in such a conic coaxial structures
there can also be resonant oscillations whose structure of a
field is similar to the structure of oscillations Hiio, Eo11, H221 in
the cylindrical resonator. The basic Q-factor of these oscillations
reaches is the values of an order 0f10* and up.
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The experimental testing of the numerical simulation results
was carried out by investigating the operation conditions of the
RMT-prototype conic coaxial structure (Fig. 2).

During the experimental studies of the conic coaxial struc-
ture (Fig.2) possibility of its excitation both in the quarter wave
resonant of TEM - waves (QH ~ 2...3-10%), and in the higher-
order quasi-Hi;; (QH ~ 3...4:10% mode oscillations has re-
vealed. In this context the influence of properties of a specimen
placed. Thus characteristics of the sample placed close to the
probe, upon Q-factor and resonant frequency of excited oscilla-
tions is manifest for quarter-wave resonances. The quasi-Hii;
oscillations were excited in a conic structure without the central
conductor. The communication with a probe section and the
resonance was provided by disposing an axial conductor in the
beyond-cutoff section of the cone.

The disadvantages of the high-Q RMT can be attributed to
the complexity of its analytic description. This makes it difficult
to perform a preliminary calculation of the prototype at a given
frequency. In addition we have the complex technology of pro-
ducing high-quality conic surfaces and high-precision conjuga-
tion of two cones (inner and outer conductors).

lll. Conclusion

The results obtained in simulation and experimental studies
of RMT on the basis of the conic coaxial structures proved that
it was possible to construct the high-Q coaxial transducers ex-
cited in the higher-order oscillation modes. This allow develop-
ing high-sensitivity resonant transducers of the SMM-type to be
studied. This should lead to an increase in resolving power of
this scanning microwave microscope.
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