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AHHOmMayus — VlccnefoBaHbl XapakTepUCTUKN Npeobpaso-
BaHUsI PE30HaTOPHbIX 30HAOB C KOAKCManbHOW N3MepUTenbHON
anepTypoi. BeluncnutenbHas npakTuka nokasbiBaeT, YTO Npo-
Leaypa X YMACIEeHHbIX OLeHOK TpebyeT 0coboro BHUMaHWs, 4To
nopoxagaet ocobble TpeboBaHuA no obecrneveHnio agekBaTHO-
CTu mogenupoBaHus. Takum obpasom, B paboTe pacCMOTPEHbI
BO3MOXHOCTU MPUAaHUS aHaNMUTUYECKUX annpoKcUMaLunin AaH-
HbIM MeTpONiornyecknx 3aeucumoctent B Teopum CMM, nony-
YeHHbIM NPSIMbIMW YUCNEHHBIMU METOAAMU PELLEHNS 3NEKTPO-
AVHaMNYecKknX 3afay B CTPOron NOCTaHoBKe.

|. BBegeHue

B ckaHupylowen MUKPOBOMHOBOW  MWKPOCKOMUU
(CMM), HecmoTps Ha Bonee wmpokue PyHKLUMOHarbHbIE
BO3MOXHOCTM no cpaBHeHnto ¢ ACM n CTM [1], cywe-
CcTBYeT psaa npobnem, orpaHnyMBalomMX ee LUMPOKoe
npumeHeHve. B nepBylo ovepenb K HUM criegyeT OTHe-
CTU HeobXOAMMOCTb M CIOXHOCTb Mpoueaypbl PEKOH-
CTPYKLUWN NEPBUYHBIX U306paxeHni [2]. 3Tn npobnemsi
CBS3aHbl CO CIOXHOW 3aBMCMMOCTbIO CUrHamoB CKaHu-
pOBaHUsi OT WCXOOHbIX NapameTpoB 0ObEeKTa U KOH-
CTPYKTMBA CKaHupyloLlero 3oHaa [3-4]. MNMpakTtuyeckn Bce
W3BECTHbIE MOMbITKM YCTAHOBMEHNS 3TUX 3aBUCUMOCTEN
DOasupyeTcst Ha MccneaoBaHUM MPSIMbIMU YUCTTEHHBIMMW
MEeTOO4aMN PELLUEHNST BO3HWKAOLIMX 3NEKTPOAMHaMMUYe-
Ckux 3agad. Takon noaxod Mckm4vaeT, Heobxogumoe
NMpu PEKOHCTPYKLUMU, pelueHne obpaTHOM 3adaudm yepes
nccnefoBaHUsl peLLEeHnii NPSIMON 3agaqun.

B poknage obcyxpaetcs BO3MOXHOCTb (hOpMUPO-
BaHWsI aHanNMTUY4ECKUX COOTHOLLUEHWIA ANs n3Meputenb-
HbIX 3aBucumocTern B CMM, B nepByto ovepenb ansa unx
UCMOMNb30BaHUA B pelleHun obpaTHbIX 3ajavy PEeKoH-
CTPYyKUMU n300pakeHnn. Takme COOTHOLLUEHUS MOryT
BblTeKaTb U3 anmnpoKkcMMaumu rpacpuKoB ykasaHHbIX 3a-
BUCMMOCTEN, MONYyYEHHbIX MPSAMbIMW YUCIIEHHBIMU Me-
ToO4aMM.

Il. OcHoBHasA 4yacTb

KoHeuHasi uenb ob6paboTkn namepuTensHon nHGOop-
mauun B CMM - 3TO He TOnbKO MonyyeHne pagnonsob-
paxeHnn obpasua (BbICOTHbIA NpPocunb NOBEPXHOCTH,
NPOCTPaHCTBEHHAs KapTWHa pacnpefeneHns 3nekTpo-
dhm3nyeckmx xapakTepncTUK Ha NOBEPXHOCTHN obpasua K
T.4.), HO ¥ NOMy4eHNs KONMMYeCTBEHHOW MHdopmaLmm 06
aTux cBoncTBax. CkaHupoBaHMe NoBepxHOCTU obpasua
MOXET BbINOMHATLCA B PeXUME MSArKOro KoHTakta (cny-
Yaln HyneBoro 3asopa) MU pexuma 3asopa Mexagy ocTpu-
€M MWKPO30HAAa 1 NOBEPXHOCTLIO 06pasua.

B pesynbTate npoBedeHHbIX MCCnefoBaHWin Obinu
norny4yeHbl xapakTepucTuku npeobpasoBaHusa (puc. 1 —
2) PUIM oT BenuuMHbl BO3OYLUHOrO 3a30pa, a Takke B
ero otcytctBuu (puc. 3), ANA NOnynpOBOAHUKOBBLIX
CTPYKTYP, KOTOpble UMET 3Ha4YeHNs ANINEKTPUYECKON
NPOHMLAEMOCTUN B AnanasoHe 2 — 12 n TaHreHcom yrna
OM3NEKTPUYECKNX NOTEPb PaBHbIM 107 - 1.

B cBs3n co cnabbiM BNMSHMEM Ha M3MEHEHVe Ya-
cToThl tgd mMaTepunana obbekTa B 3aBUCMMOCTSX, M300-
paxeHHbIX Ha Ha puc. 1 ncnonb3osancs tgd=0,1.
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Fig. 1. The dependence of the frequency shift of RMC
on the gap

B pesynbTaTe annpokcuMauuy MofyYeHHbIX 3aBUCK-
MOCTeit BbINo HaOeHo creaylollee BolpaxeHue:
A(e) — B(e)
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IOna koadpdpuumeHToB B 3aBucumoctax A(eg), B(g),
C(g), D(€) HangeHbl YUCNEHHbIE 3HAYEHWSI.
3aBucumocTtu gobpoTtHoctn PUM oT Bo3gyLuHoro 3a-
30pa Agna Si B kayecTBe marepvana WccrefoBaHus
nsobpaxeHsbl Ha puc. 2.
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Fig. 2. The dependence of Q-factor of RMC on the gap
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(DyHKLl,I/IFI annpokcuMmMmaumm OaHHoro cemencrtea Kpu-
BbIX UMeeT BUAa:
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Ona koaddumumeHToB B 3aBucumoctax A(hz), B(hy),
C(h;) Takke HaaeHbl YUCTIEHHbIE 3HAYEHMS.

Ha puc. 3 nokasaHa 3aBucumocTb fobpotHocTn PUI
OT 3NeKkTpPohM3nYECKMX NapamMeTpoB OOBbEKTa B OTCYT-
CTBMM BO3AYLLUHOIO 3a30pa B CUCTEME 30HA-00BHEKT.
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Fig. 3. The dependence of Q-factor RMC on the
electrical parameters of the object

MpoBeas aHanu3 MonyyYeHHbIX pesynbTaToB Gblno
NONyYeHO annpoKCUMUpYHoLLEE BblpaXeHne ANnsi AaHHON
3aBUCKMOCTMU:

AgB(C + De + Igz)
Q(e.195) = - ®)
As~ +1tgo

roe: A=0.36157,
D=-7.9836, I=-0.05078.

[MorpelHoCcTb paccuYMTaHHbIX 3HaYEHU NO BCEM Bbl-
paxeHuaMm, npuBefdeHHbIX B paboTe, B CpaBHEHUM C
TeopeTnyecknmun He npesbiwaeT 3-5%.

B=-0.84458, C=2021.26,

I1l. 3akntoyeHue

Takum obpasom, copmynmpoBaHbl obmne Tpeboa-
HUS K PELUEHUIO 3adauyn annpokcuMauun 3SKCNepUMEH-
TanbHbIX AaHHbIX NPY MUKPOBOMHOBOW MWUKPOCKOMWK Mo-
NYNpOBOAHUKOBLIX MaTepuarnoB. [MonyyeHHble B pe3ynb-
Tate MOAENMpOoBaHMs annpoKCUMAaLMOHHbIE BbIpaXXeHUs,
MO3BOMAT ONepaTMBHO B XOAE 3KCMEPUMEHTA CTPOUTL pa-
Ano nsobpaxeHns obpasLioB 1 NonyYaTb KONMYECTBEHHYIO
MHPOPMAaLMIO O HEPOBHOCTM MOBEPXHOCTU U 3reKTpuYe-
CKMX MapamMeTpax nosynpoBOAHUKOBLIX MaTepuarnos.
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Abstract — The characteristics of conversion of coaxial res-
onator probes with a measuring aperture were investigated.
Approximate expressions were obtained.

|. Introduction

In this paper the possibility of forming analytical relations
for measuring relationships in the SMM, primarily for use in
solving inverse problems in image reconstruction is discused.
Such relationships may result from the approximation of the
dependence graphs, which obtained by direct numerical
methods.

Il. Main Part

The ultimate goal of processing the measurement infor-
mation in the SMM - is not only to obtain radio images of the
sample (high-altitude surface profile, the spatial pattern of dis-
tribution of electrical characteristics on the sample surface,
etc.), but also to obtain quantitative information on these prop-
erties. Scanning the sample surface can be done in a mode of
soft contact (in the case of a zero gap) and the regime of the
gap between the edge of the microprobe and the sample sur-
face is considered.

A the result of out study were obtained the RMC conversion
characteristic (Fig. 1 — 2) from the air gap, and also in case of
its absence (Fig. 3), for semiconductor structures, which are the
values of the dielectric constant in the range 2 — 12 and the
tangent of the dielectric losses equal to 10°%-1.

I1l. Conclusion

Thus, the general requirements for the solution of the
problem of approximating the experimental data for micro-
wave microscopy of semiconducting materials are formulated.
Approximate expressions obtained in simulation make it pos-
sible to efficiently build (during experiment) the radio image
of the samples and to obtain quantitative information on sur-
face roughness and electrical parameters of semiconductor
materials.
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