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AHHOmayus — B foKnaze NpUBOAATCS NOMyYeHHble NyTem
YMCINEHHBIX UCCnefoBaHW 3aBUCUMOCTY pacnpeaenenns CBY
nonsi BAOMb OCUM CUCTEMbI 30HA-3a30P-00BLEKT ANt KOHYCHOro
KOAKCUanbHOro pe3oHaTOPHOro 30HAA OT BENUYMHbI 3a3opa. A
Takke AaHbl 3aBUCMMOCTU OT 3a3opa (PyHAAMEHTarnbHbIX CUr-
HaroB CKaHMpPOBaHWsi. B COBOKyMHOCTM 3TW pe3ynbTaThl Npea-
CTaBMsIlOT OCHOBY A5si KOMIMJIEKCHBIX OLIEHOK BIUSIHUSI 3a3opa
Ha dyHKunoHnpoBaHne CMM 1 NpoeKkTUpOBaHWs anropuTMoB
PEKOHCTPYKLMM M306paXkeHW B LUIMPOKOM AManasoHe 3HavYeHui
ANEKTPOM3NYECKMX NapameTpoB 06 HLEKTOB.

|. BBegeHue

Mpu ckaHupyoLWwen MUKPOBOMHOBON MWUKPOCKOMUN
(CMM) mexay 3oHOom n obpasuom, B OTNn4YMe OT cKa-
HUPYIOLLEN TYHHENbHOM MUKPOCKONUM, BO3MOXEH, a Ya-
e n Heobxooum 3a3op, BENMYMHA KOTOPOro ycTaHaB-
nMBaeTcsa B 3aBMCMMOCTM OT cneundukm opmmpyemo-
ro nsobpaxenus. Hanpvmep, Ansa pasgenexHvs Bknaga B
n306paxeHne HepOBHOCTN NMOBEPXHOCTU U HEOAHOPOA-
HOCTU pacnpefeneHns  anekTpodu3anyecknx CBOWCTB
Heob6XoAMMO CKaHWpOBaHWE MPW HECKOMbKUX OTMnYato-
LLMXCS 3HaYeHusAxX 3a3opa [1].

BnusHne 3asopa Ha BenuuuHy yHOAMeHTarnbHbIX
curHanoB B CMM, kak nokasbiBaloT 3KCMepuMeHTarnb-
Hble uccneaoBaHus [2], MeeT NMpevMMyLLECTBEHHO He-
NPOMOPUMOHAarbHbIA XapakTep M 3aBWCUT OT 3NEeKTpo-
dusmyecknx napameTpoB OOBLEKTOB M reoMeTpum
anepTypHo-obpasytollen 4actm 3oHga. [loatomy pe-
3ynbTatbl 6onblMHCTBa uccnegoBanni no CMM pas-
NNYHBIX OOBEKTOB HOCAT WNMIOCTPATUBHBIN XapakTep 1
TpebyloT AONOMHUTENLHOM PEKOHCTPYKUMM Kn306paxe-
HUM. [Ond NOCTPOEHWUS COOTBETCTBYHOLLMX anropuTMoB
PEKOHCTPYKUMN HeobXxoamMmo B MepByl0 oyepedb ycTa-
HOBUTb (PU3MKY MNPOLIECCOB B3aMMOAENCTBUA Onmx-
Henonesblx CBY pe3oHaTOpHbIX 30HOOB C OOBLEKTOM
npn Hanmuum 3asopa. CnegylowmM nocne 3TOM 4acTu
warom MoxeT OblTb MpUAaHue aHanuTU4YecKoro Buaa
3aBUCMMOCTAM (DYHAAMEHTaNbHbIX CUrHANoB OT Benu-
YMHbI 3a30pa C Lienbio NOCTAHOBKN KOPPEKTHOro peLue-
HVA obpaTHOW 3apauw.

Il. PesynbTaThl UCCNeaoBaHUM

YncneHHble uMCCnefoBaHUsi  BBIMOMHANUCL  MNyTEM
peLLeHUsi BOMHOBBIX YPaBHEHWUA ANs dneKkTpoguHaMmuye-
CKOM CUCTEMBI, CXeMaTU4HO n30bpaxeHHON Ha BCTaBKe
K puc. 1. KOHyCHBIN koakcuanbHbI pe30HaTOPHBIN 30HA
(KKP3) ykasaHHOM Ha BCTaBke reomeTpun [3] nmeet pe-
30HaHCHy 4YactoTy 7.9y 1 HeHarpyxeHHyto [o6poT-
HocTb 6e3 obbekta 2060. lNMonyyeHHoe M3 pelueHus
BOTHOBOrO YpaBHEHUS METOAOM KOHEYHbIX 3NEMEHTOB
[4] pacnpepenenne nonHoro CBY-nonmsa B cucteme
npeacTaBneHo Ha puc. 1 Ans HeCKornbKUX 3Ha4YeHWn 3a-
3opa. duanyeckn, 13 nNpeacrtaBneHHbIX AaHHbIX cnegy-
€T, 4To none B 06bekTe ocnabnsercs Npu yeBenm4eHum
3a3opa, a apdekTmBHasa rnybuHa ero NPOHUKHOBEHMS B
0ObEeKT ocTaeTcs npakTu4eckn HeusmeHHon. OTaenb-
HbIl MHTEpeC NPeAcTaBrnseT cam XxapakTep pacnpege-
neHns B 3a3ope M 00bekTe, OTNMYaloLWMNCa OT KBa3u-
CTaTM4ecKoro.
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Puc. 1. Pacnpedenerue nons u cxema KKP3: R1=1.9mm,
R2=8mm, R1:=25Mkm, R2:=600MKM, Lo=8TmMM.

Fig. 1. Chart of Ex(h;) characteristics and CCRP
scheme: R;=1.9mm, R,=8mm, Ry=25um, R>=600um,
Lo=81mm

OT4eTnMBO NposABRSeTCa BNUsHNE hopMbl OCTPUS
(koHyC nnn nonycdepa) Ha xapakTep pacnpegeneHus,
4YTO 06 BACHAETCA YBENMYEHNEM POSNIN HOPMArTbHOWN KOM-
MOHEeHTbI Nons Npu nonycdepmnyeckom ocTpum [5].

Pwuc. 2 unntoctpupyeT 3aBUCUMOCTb BENUYMHBI [,06-
potHocTu KKP3 oT 3a3opa (kpusble 1, 2, 3) 1 3Ha4eHus
tgd obbekTa (kpuBble 4, 5, 6, 7). 3T 3aBUCMOCTH
YKIagblBaloTCH B paMKn (pM3nyeckoro npeacTaBneHns u
MornesHbl CBOMM KONMMYECTBEHHBLIM XapakTepoM.
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Puc. 2. Xapakmepucmuku ripeobpasosaHusi KKP3, €=12.
Fig. 2. CCRP conversion characteristics, €=12

M3 HuMx BMAHO, 4YTO Hambonee pe3koe unsmeHeHune
/:l,O6pOTHOCTVI C yBeJlin4eHmem 3asopa nmeet MecCTo npu

k i
ManbIX 3Ha4YeHusX 3asopa (mpu R—z 70.2). Ctonb e
it

OYEBUAHBIM SABMAETCA YCUIIEHWe BMUSHWA 3a3opa npu
ar
tgd>0.1. 3aBncMocCTb curHana ? OT BENUYMHbI 3a3opa,

KaK BblTEKaeT U3 puc. 3, UMEET CYLLECTBEHHO HeJlMHeii-
HbIi XapakTep NMpu pasnuuHbiX € K tgd obbekta. Oco-
GEHHO pe3koe W3MeHeHMe 3TOro yHAaMEHTaNlbHOro
curHana Takxe HabnogaeTtcs B o6ractu Manbix 3a3o-

h
poB (npun —=<0.2).
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Puc. 3. YacmomHeie xapakmepucmuku KKP3.
Fig. 3. CCRP frequency characteristics
KauyecTBeHHO 3TOT xapakTep paccMaTpuBaembix 3a-
BMCMMOCTEN CcOBMagaeT C M3BECTHbIMWU 3KCNepuMeH-
TanbHbIMU JaHHLIMU [6].

dyHOaMeHTarnbHbIN CUTHAT, CBS3aHHbIA C VM3MeHe-
HUeM JOBPOTHOCTM PE30HATOPHOTO 30HAA, YacTo Mpea-

1
CTaBnsgloT B BUae A (E) Ha puc.4 paHbl pesynbrathbl

nccnegoBaHuin BANSHUS 3a3opa Ha 3TOT curHarn.
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Puc. 4. UsmeHeHue dobpomHocmu KKP3.
Fig. 4. CCRP Q-factor variation

3TV OaHHble BblYMCIIeHbl HEMOCPEACTBEHHO (KpUBble
3, 4) , U usmepeHbl B NPUGTIKEHUN TEOPUM MarlbIX BO3-

4
myweHun (TMB) [7] n3 curHana ?f (kpuBble 1, 2).

I1l. 3aknovyeHue

BnusHune 3asopa mexagy 3oHAOM u ob6bektom B CMM
nposiBnsieTcs U3MYeckn B Pe3KOM Ckauke pacnpege-
neHus GnwkHero nomns, ocnabnstLiee ero NPOHMKHOBE-
HVe B OOBEKT.

3aBncMMOCTb (byHOAAMEHTarnbHbIX CUrHanoB OT Be-
NUYMHBI 3a30pa SABMSETCS CYLECTBEHHO HEeNVHENHOWN.
Mpy mManbIx 3asopax NPONCXOAUT OCHOBHOe YbObiBaHWe
BENYMHbI OBOVX CUrHAMNOB B CBSA3N C OQHOBPEMEHHbIM
ocrnabneHuem nons, Kak 3a cyeT 3a3opa, Tak U B CBA3M
co cneuunduko pacnpeaeneHns no ocn CUCTeMsl.

KonunuecTBeHHble OUEHKN 3TUX (DaKTOpOB, BbIMOS-
HEeHHble A5 Pas3fnuyHbiX POpM OCTpUS 30HAA, MOryT
ObITb NoNesHbl ANA NpPoekTMpoBaHus 3oHAoB. Camm 3a-
BMCMMOCTM NErko annpoKCUMUPYIOTCA aHannTU4ecknumMm
COOTHOLLEHUSIMUA, 4TO MO3BOMNSET OOHO3HAYHO pellaTb
obpaTHble 3a4a4mn Ans PEKOHCTPYKLUMN N300paxKeHni.
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SAMPLE — TIP DISTANCE INFLUENCE
IN SCANNING MICROWAVE MICROSCOPY
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Abstract — This paper contains a microwave-field distribu-
tion dependence of sample-tip distance (STD) along the system
probe-distance-sample axis for a finite coaxial resonator probe
(CCRP). In addition, the STD dependence of fundamental sig-
nals is presented.

I. Introduction

Influence of STD on the fundamental signals in Scanning
Microwave Microscopy (SMM) is mainly disproportional; it is
proved in experimental studies. It also depends on sample elec-
tro-physical parameters, and aperture geometry. Therefore
most of the SMM analysis of different objects is mainly illustra-
tive and requires additional image reconstruction.

For the reconstruction algorithm formation it is necessary to
bring out the physics of near-field interactions with STD.

Il. Main Part

The numerical investigation was performed by solving wave
equations for the electrodynamic system, displayed in the frame
in fig.1. Resonance frequency of this CCRP is 7.9GHz and un-
loaded Q-factor is 2061.

We have the field distribution for several values of STD,
shown in Fig.2. Physically, it means that field in the sample gets
weaker with increasing STD, but the effective field penetration
depth remains practically unchanged.

Fig. 2 illustrates the Q-factor dependence of STD and tgd.
One can see that most dramatic changes take place at low STD

h .
values (R—z 740.2). Obviously, STD influence increases at
it

A
tgd>0.1. Also, the ?f dependence of STD is given in Fig. 3, it

has a nonlinear nature.
Fig. 4 showed the fundamental signal 4 {%) dependence of

STD. The black traces are for direct calculations, the dotted
lines were calculated using the small perturbation theory (SPT).

I1l. Conclusion

It is shown that SPT calculations give an overrated result,
which can be caused with stem from the field redistribution in-
fluence at a value of Af/f in aperture. Differences between the
probe shapes do not affect field penetration in a sample, but
using a cone probe can lead to an increment of its value.
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