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AnHomauyusi — [lpuBoasATcs pe3ynbTaTbl YUCMEHHOTO UC-
CrnefoBaHnsa 3aBUCUMOCTM (DyHAAMEHTarbHbIX CUrHamnoB cka-
HUpYIOLLE MUKPOBOMHOBOW MUKPOCKONWUM OT paguyca u dop-
Mbl OCTpUSI pe30oHaTopHOro 3oHAa. [lokasaHo, YTO KOHTpacT-
HOCTb (POPMUPYEMBIX M30OPaKEHUN MNPAKTUYECKN JIMHEWNHO
3aBMCMT OT paguyca OCTpus Kak npu ero cepuyeckomn, Tak u
KOHMYecKon dopme. DTOT BCKPbITbIA (DU3NYECKUIA acnekT 0co-
6EeHHO BaxxeH AnA MPOrHO3VpOBaHWSA Pa3BUTUSE 30HAOBOWN CKa-
HUPYIOLLEN MUKPOBOMTHOBOW MUKPOCKOMUM.

|. BBegeHue

OfHUM M3 LWUMPOKO WCMONb3yeMblX B HacTosilee
BpeMS MeToAoB (DM3MYECKOro UCCNeaoBaHUs HaHOMa-
TepvanoB sBnseTcs OGnukHenoneesas CckaHupyloLlas
Mukpockonus [1]. Hanbonee nepcnekTnBHoe ee Hanpas-
NeHne — 30HA0Basi CKaHUpyoLLas MUKPOBOSHOBAs MUK-
pockonus (CMM), 6asupytoLlascsa Ha NPUMEHEHNN pe3o-
HaTopHbIx 3oHAoB (P3) [2]. CnoxHown npobnemori 8 CMM
ABNAETCS OOHOBPEMEHHOE MOBbILLIEHNE NPOCTPAHCTBEH-
Holn paspewatowert cnocobHoctn (MPC) n KoHTpacTHO-
cTn opMmUpyeMbIX M300pakeHun pacnpenenenns -
3M4ecKkMx napameTpoB obbekTa KoHTpons [3].

Mpun ncnonb3oBaHun B CMM pe3oHaTOpHbIX 30HAOB
CUrHanamy W3MepuTeNbHON WHGOPMaLMK  SBMSKOTCS
BENNYUHBI, CBSA3aHHbIE C U3MeHeHueM JoOpOTHOCTU M
pe3oHaHCHON YacToThbl 30HAa. B nutepaType oTcyTcTBY-
0T CBEAEHUSI O KONMUYECTBEHHOW B3aMMOCBSA3M Benu4yu-
Hbl opmMupyembix curHanos P3 ¢ paguycom octpus
30HAa, HenocpeacTBeHHo onpeaenstowero NPC CMM.

Llenbto aaHHoM paboThl SABNSETCS BbiSIBIIEHNE TaKoN
B3aMMOCBA3M U MNOMbITKAa TEOPETUYECKM OLEHWUTL nep-
CMEKTUBbI MOBbLILLEHUS paspellaroller  cnocobHocTU
3oHa0Bo CMM.

II. OcHOBHasA YyacTb

B pabote [4] 6bina nokasaHa BO3MOXHOCTb MOCTPO-
€Hns ocHoB Teopumn 3oHgoBo CMM no pesynbtatam
YMCIIEHHOr0 MOAENUPOBaHNS CBOWCTB KOHYCHOMO KOak-
cnanbHoro P3. dyHOameHTanbHbIMK CUrHanamm ckaHu-
pOBaHWSA NPU 3TOM SABNAIOTCH BENUYMHBI JOBPOTHOCTM Q
N pesoHaHcHon vacTtoThl f P3, a Takke ux nameHeHus
(AQ™ n Afff) oTHOCUTENbHO 3TUX MapameTpoB 6e3 06b-
ekTa KoHTpons (Qo=2-10% f,=7,8 I'Tw).

B paHHOM paboTe, B nepByk ovepenb, uccrnenoBa-
nocb BnmsaHue opmbl U pasmepoB octpus P3 Ha pac-
npegeneHvne nons B o6bekTe ¢ 0OHOPOAHbLIM pacnpese-
NeHneM aneKTPUYeCKUX CBONCTB (& U tgo).

Ona koakcuanbHon aneptypbl P3 pacnpenenexve
HOpMarnbHOM M TaHreHumanbHOM K MMOoCKOCTM obbekTa
COCTaBNALMX MONA 3aBUCUT OT opmbl U paguyca
CeyveHns OKOHeYHoCcTn octpusa Ry Ana octpusa cdepu-
Yeckon (PopMbl HEMOCPEACTBEHHO NOA HWUM MOKanu3ay-
eTCq BKMaj HOPMarnbHOW KOMMOHeHTbl nond. [lpu
OCTpe B BMOE YCEYEHHOro KOHyca pacnpegeneHvie
nonHoro nonst P3 Hocut «TpyGuathin» xapaktep ¢ pes-
KM nepexofoM OT HOopMarnbHOW K OObekTy nmonspusa-
UMM K TaHreHumanbHon Ha nepudpepum octpus [5]. Ans
3oHaoBon CMM dyHKUMOHaNbHO BaXXHO OnvbkHee none,
opMmpyemoe HopMarbHON KOMMOHEHTOM.

Ha puc.1 npeacraBneHbl NOMy4YeHHbIE 3aBUCUMOCTM
AfIA, AQ'l OT pagumyca ocTtpus Ry Obpalwaet Ha cebs
BHUMaHWe Gnuskasi kK fMMHENHOW 3aBUCUMOCTb CUrHanoB
Aflfn AQ'l oT Rit.
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Puc. 1. Ipaghuku 3asucumocmu eenuyuH Afff n AQ'1
01151 pa3iuYHbIX pasmepos U chopM OCmpusi.

Fig. 1. Graphs of values of Af/f and AQ™ for different
sizes and shapes of the tip

OToenbHO paccMOTPeH BOMPOC Koppensuun pac-
CMaTpvBaeMbIX 3aBMCMMOCTEN C Teopuen ManbiX BO3-
myweHuin. C 3ToM uUenblo Ha puc.1,6 npeactasneHsbl
NYHKTUPOM rpadunkm AQ'1=¢(R11), nosnly4eHHble B COOT-
BETCTBUW C JAHHOW TEOpMeN, Ha OCHOBE PacCUUTaHHbIX
3HaveHun Af/f, a cnnOWHbIMU AMHUAMWU — TpadduKM Ha
OCHOBE MPSIMOrO BbIYMCTEHUs 3HauYeHnst AQ™.

YeTko BMOHO, 4YTO C yBenuyeHnem Ri; n tgs obbekTa,
TEeopus MarnblX BO3MYLLEHUA HE COOTBETCTBYET TOYHbLIM
BbIYMCIIEHUSAM NPU pa3HbiX hopmax ocTpus.
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[na nonHoTbl hn3nMYEeCcKOn KapTUHbI Ha puc. 2 npu-
BeeHbl 3aBMCHMOCTW XapakTepucTuK npeobpasoBaHus
P3 no curHanam, cBsi3aHHbIM C U3MEHEHWEM ero [o6-
POTHOCTU, OT pagunyca cevyeHust ccheprnyeckoro n KoHyc-
HOro OCTpUS.
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Puc. 2. pagpuku 3asucumocmu dobpomHocmu P3 om
tgS o6bekma 05 pasuyHbIX 3Ha4YeHul Ry U e20 ¢hopMbi.

Fig. 2. Graphs of Q(tgd) of RP for different values of Ry;
and its form

I1l. 3akno4yeHue

B pesynbTtate npoBefeHHbIX uccnegosaHun P3 ans
CMM wn 3aBucmMmoCTM HOPMUPYEMbIX C WX MOMOLLBIO
CUrHanNoOB CKaHUPOBaHUS OT pOpMbI 1 pagnyca ceveHust
OCTPUSi MOXHO cAenaTtb cregytoLine BblBOAbI:

— Ans octpus B popmMe yCeYeHHOro KOoHyca xapak-
TepHa «Tpyb4aToCTb» pacnpeneneHus nons B Mamepu-
TenbHOM aneptype. Mpu cdepuyHon dopme ocTpust
6nmxHee none 3oHAa nokanusyetcs B obbekTe Hemno-
CPeACTBEHHO NoA OCTPUEM C ceveHueM 06nacTu roka-
nmsaummn meHblue Ry,

— 3aBUCUMOCTb CUIHaroB CKaHMpOBaHWs OT Rj; HO-
CUT KBasUNMHENHbIN XxapakTep, 4YTo ocnabnsert npobne-
MYy OHOBpPEMEeHHOro nosbiweHns MPC 1 KOHTPacTHOCTK
CMM. dusnyeckas nHTepnpetaumns atoro dakra cesiza-
Ha C KOHUEHTpauuen nomns noj OCTpUMeMm 30HAA, YTO
ocobeHHO nposBrseTcs npu ero cdepudeckon opme;

— OLeHKa CUrHanoB CKaHMPOBAHMUS MOKa3blBaeT He-
nNpremMnemMocTb TeopUM ManblX BO3MYLLEHUIA AN UHTep-
npeTaumm n PEeKOHCTPYKLUN K300paKeHUn B TEXHUKe
CMM. Onga atux uenen HeobXoAMMO NPUMEHSTb Mps-
Mble YMCMIEeHHble MeTOoAbl aHanu3a C MocreayoLen
aHanUTU4YecKon annpoKkcMmaunen pesynbTaTos.
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Abstract — The results on numerical studies of the de-
pendence of the fundamental signal scanning microwave mi-
croscopy upon the radius of tip shape of the cavity probe are
discribed.

|. Introduction

The fundamental signals of measurement data are the val-
ues associated with a change in quality factor and resonance
frequency of the probe used in a scanning microwave micros-
copy (SMM) of the resonator probe (RP) are discussed. There
are no data of quantitative interrelation of signals generated
from the RP probe tip radius, which directly determines the
spatial resolution of the SMM described in the literature.

The aim of this paper is to identify such interactions and to
theoretically evaluate the prospects for improving the resolution
of the SMM scanning probe.

Il. Main Part

In this paper the influence of shape and size of tip the RP at
the field's distribution in an object with in the field distribution in
an object of electrical properties was studied.

For a coaxial probe aperture, the distribution of the normal
and tangential to the plane of the object field components de-
pends on the shape and radius of the tip section Ry. For a
spherical tip, the contribution of the normal component of the
field was localized directly below it. The tip is the form of a trun-
cated cone in the distribution of the RP total field has a charac-
ter of "pipe". In this case in the periphery of the tip a sharp tran-
sition is observed from normal polarization to the object toward
the tangential polarization of total field. The near-field is im-
portant for the SMM which is generated by a normal component.

The problem of correlations of examined dependences with
the theory of small perturbations had been considered sepa-
rately. It is found that if an increase in the tgd object and Ry
takes place, the theory of small perturbations will not corre-
spond to exact calculations with different forms of the tips.

I1l. Conclusion

The study resulted in the RP for the SMM and the scanning
signals depending on the shape and radius of the tip. The fol-
lowing conclusion can be drawn:

— the tip is form of truncated cone in the distribution of the
RP total field and has the character of "pipe". For a spherical
tip, the near-field is localized in an object directly under the
probe tip;

— dependence of the signals from the scanning Ry is quasi-
linear, which simplifies the solution of the problem while in-
creasing the spatial resolution and contrast of the SMM. The
physical interpretation of this fact is related to the concentration
field at the tip probe, which is particularly evident in its spherical
shape.
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