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AHHOmMayus — C NOMOLLbI0 YMCIIEHHbIX METOA0B peLleHUs
ypaBHeHun MakcBenna msydeHa CTpykTypa nonsi B obpasue,
ncenegyemMom  GrvkHenoneBbIM CKaHVPYOLLMM  MUKPOBOSHO-
BbIM MWKPOCKOMOM Ha C AaTYMKOM OCHOBE KOaKCMamnbHOro Ko-
HycoobpasHoro pesoHatopa. OnpegeneHo BnusiHue OPMbI
OCTpUSI PE30HATOPHOrO 30HAA Ha pacnpeAeneHne anekTpomar-
HWTHOro nons B obpasue opMbl OCTPUA, BENMYMHBI TaHTeHca
yrna AuaneKkTpuyeckmx notepb W AU3NEKTPUYeCcKon NpoHuLae-
MOCTM MaTepuana obpasua, 3asopa Mexay MWUKPO3OHAOM W
obpasuom.

|. BBepeHue

BaxHon 3agaveli ckaHMpyloLen MUKPOBOJTHOBOM
MUKPOCKONUN SABNSAETCS YBENMUYEHUE YYBCTBUTEIbHO-
CTV U ornpejerieHne OnTUMarbHbIX NapaMeTpoB MUK-
poBonHoBoro 3oHga. OgHum wn3 Hambonee pacnpo-
CTpaHEeHHbIX KOHCTPYKTMBOB 30HAoB aAns CMM saensa-
eTCA KoaKCuanbHbIi MUKPO3OHOOBbLIA PEe30HATOPHbLIN
JaTyuk.

MoTepu B cucteme pesoHaTop — obGpasel, koTophble,
B KOHEYHOM CYeETE, BMUSIIOT Ha BENNYUHY HarpyxeHHOWN
[obpoTHOCTM pe3oHaTopa M ero pabouyo 4acToTy,
MOXHO YCINOBHO pasfennTb Ha TP KaTeropumn:

— NoTepun 13-3a KOHEYHON NPOBOAMMOCTW CTEHOK pe-
30HaTopa;

— NnoTepw 3a CYET 3aTyxaHusi nons B obpasLe;

— noTepu Ha nsnyyexue [1].

MpocTpaHcTBEHHas paspeluatolias crnocobHOCTb
MUKpOCKOMa onpefensieTcs pasMepamMu 30HAa, pac-
cTosiHueM Jo obpasua, a Takke CTPYKTypow nonen,
BO30Yy)XgaembIx B pesoHaTtope u muccnegyemom obpas-
ue: 4yem rnybxe npoHukaeT none B obpaseu, Tem
bonbwni BkNag B oOWMe MOTEPUM BHOCAT NOTepu B
obpasue, ogHako pacnpegerneHue nons no 6Gonblien
nnowagn OA4HOBPEMEHHO MPUBOAUT K YMEHbLUEHUIO
paspeluarolien cnocobHoCcTM Mukpockona. YyBCTBU-
TENbHOCTb 3aBUCUT OT BENUYUHBLI KO3dhbduLmeHTa npe-
o6pasoBaHMa M3MEHEHUN 3NeKkTPoU3NYECKUX Xapak-
TEPUCTUK UCcneayemMoro martepuana B U3MeHeHve xa-
pPaKTEPUCTMK pe3oHaTopa M TOYHOCTU U3MEPEHUS 3TUX
n3MeHeHun [2, 3].

Llenb paboTbl — aHanM3 BMUSHUS  U3MEHEHUN
anekTpomanyeckux napameTpoB obpasua u opmbl
OCTpUS 30HAA Ha CTPYKTypy nons B ob6pasue u, kak
cnencTBue, Ha YyBCTBUTENBHOCTb CUCTEMBI B LLEMNOM.

Il. OcHOoBHaA YacTb

MMony4eHHble faHHbIE MOKa3bIBaKOT, YTO MPAMO NOA
30HAOM npeobnagaeT HopmanbHas CcocTaBstoLias
anekTpuyeckoro nons. C yganeHnem ot LeHTpa Habnio-
AaeTcs yBenmyeHne TaHreHUManbHON KOMMOHEHTHI.

BblsicHeHO, 4TO hopma OCTpMS 30HAa 3HAYMTENbHO
BMUsieT Ha pacnpegenexune nonsi B obpasue. Ha puc. 1
nokasaHo pacnpegeneHue nons B4oNb paguyca obpas-
ua Ans 30HAOB C PasnMYHON OPMOV OCTPUSA, BHELLHWN
paguyc anepTypbl pesoHaTopoB Rx=600 MkM, peso-
HaHcHas YacTtoTta 8 [Tu, 3a30p mMexay pe3oHaTopom K
obpasuom oTcyTcTBYyeT. Ha npvBedeHHOM pUCyHKe BUA-
HO, YTO B Cfy4yae NII0CKOro OCTpUsA 30HA4a paguycom 25
n 50 mMkm, none umeeT «Tpybuyatbii» xapaktep. Heno-

CpeACTBEHHO MOA 30HAOM HarMpsXEHHOCTb MOMNS HUXe,
YeM BO3Ne KpaeB 30HAA, B OTNUYME OT Criydasi C OcTpu-
emM B Buae cermeHta coepbl (paguyc octpus 50 Mkm,
BblcoTa cermeHta 10 u 50 MKM), KOoraa MakCcMMyMm Ha-
npsbKeHHOCTU nonsi HabnpaeTcs HenocpeaCcTBEHHO
noa 3oHaoMm. lMpu 3ToM, Yem Gonblue BbICOTA CEerMeHTa,
TeM Bbllle KOHLEeHTpauus nons nog 3oHAoMm. NokasaHo,
YTO HEenocpeaCcTBEHHO MoA 30HOOM MpeobnagaeT Hop-
MarnbHas COCTaBnsLas, C yaaneHuem oT LEeHTpa Be-
NYMHa TaHreHuManbHoOW COCTaBMsOLWEN YBENUYMBaET-
cs (puc. 2).
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Puc. 1. PacnpedeneHue HanpsixxeHHocmu rosisi Ha
rnosepxHocmu obpa3sya edosib paduyca ¢ napamempamu
tg5=10" e=2.

Fig. 1. Radial field density distribution on the sample
surface with parameters tgé=1 03 e=2
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Puc. 2. PacnpedeneHue HopmarnbHoU U
maHaeHyuanbHoU cocmassiouuX 31eKmpu4ecKoeo
rosiss 8dorb paduyca Ha nosepxHocmu obpasua ¢
napamempamu tgd=1 07 e=2.

Fig. 1.Radial field distribution of normal and tangent field
parts on the sample surface with parameters
tg5=10" e=2

YBenuueHue 3azopa Mexay obpasuom U pesoHaTo-
pOM MPUBOAUT K YBEIIMYEHUIO [ONM NOTepb Ha Manyye-
Hue B 0bLMX NoTepsix B pe3oHaTope. C OfHOM CTOPOHBI
none nNpoHvkaeT B o6pa3seL, He Tak rnyboKo 1 3TO MUHW-
MU3MpYeT BrusiHWE rnyGoKo 3aneraiwwmx HeoLHOPOA-
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HOCTEW, C OPYrofl CTOPOHbI 3TO TaKKe CHUXaeT 4o6poT-
HOCTb CUCTEMBI, a, CrefoBaTerNibHO, U ee YyBCTBUTENb-
HocTb. OcTpue 3oHOa umeeTt bopmy cermeHTa cdepbl
BbicoTon h=50mkm, R+4=50 mkM, R=600 mkm, pe3so-
HaHcHas vacTtoTa 8Ty (cm. puc. 3).
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Puc. 3. PacnpedeneHue norns Ha nogepxHocmu obpa3sya
8dosb paduyca ¢ napamempamu tgd=1 03, e=2, onsi
3asopos 1; 3; 5; 7 Mkm.

Fig. 3. Radial field distribution on the sample surface
with parameters tgd=1 0'3, e=2, for 1; 3; 5; 7 mkm gap

Ha puc. 4 nokaszaHo pacrnpegeneHue nons Ha YactoTe
8 My BOoonb ocu obpasua B 3aBUCMMOCTM OT 3HAYEHWI €70
3NEKTPOU3NYECKNX NMAPaMETPOB, B YACTHOCTW, ANs pas-
NNYHBIX € NpY dmkcupoBaHHoM tgd. Kak Buamm, ¢ yBenu-
YEHNEM € HamMpPsPKEHHOCTb 3NEKTPUYECKOro nomns B obpas-
ue ymeHbluaeTcsa. OToT 3hheKT curbHee MposiBNAeTcs
npu ManbiX 3HAYEHUSX €.
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Puc. 4. PacnpedeneHue nons 8 obpa3sye 890s1b ocu
pe3oHamopa 0115 tgd= 10°u pa3nu4yHbIX 3Ha4YeHUU E.

Fig. 4. Axial field distribution in sample for tg<5=10'3 and
different e.

IIl. 3aknoyeHne

YcTaHoBNeHa 3aBMCUMOCTb MeXay anekTpodusunye-
CKMMU napameTpamu obpasua 1 U3BMeHEeHUEM BENMUYNHBI
n cdopMbl Mons, NPoHMKaKwLiero B obpasel,. AnepTypy
pe3oHaTopa MOXHO NPeACTaBUTb B BUAE U3nyvatollei B
obpasel 1 wenb mexay obpasuoM U pe3oHaToOpoOM aH-
TeHHbl. lpu yBenuyeHun 3asopa Mexgy obpasuom u
pe3oHaTopoM MNOTEepU Ha U3Ny4YeHWe 3aMeTHO Bo3pac-
TalT, YTO OoTOOpaxaeTcs Ha rrnybuHe MNPOHMKHOBEHWUM
nons B obpaseu,.

OcTpue 30oHAa B BuAEe cermeHTa cdepbl ABMNseTcs
npeanoyTUTENbHLIM MO CPaBHEHUIO C MIOCKUMM, MO-
CKOmMbKY Takas KoHdwurypaumsa obecneuymsBaeT efuHCT-
BEHHbI MakCMyM HanpsXXeHHOCTU MOonsA — Henocpea-
CTBEHHO MOf 30HAOM, W, KaK cneacTteue, 6onbluyto pas-
peLuaroLLyto CNOCOGHOCTb.
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Abstract — The structure of the field in the sample studied
with near-field scanning microwave microscope based on coax-
ial cone resonator is investigated. Dependencies of changes of
a probe tip shape, field distribution with changing electrophysi-
cal parameters of sample are obtained.

I. Introduction

One of the most important problems solving by modern sci-
ence is development of new and upgrading of present methods
of noninvasive control of different mediums. The near-field mi-
crowave microscopy method allows studying not only physical
discontinuities but also chemical ones unlike tunnel or AF mi-
croscopy methods.

The instruments of an investigation are measurements of
changing operation frequency and quality factor of microscope
cavity which depends on losses. Losses can be separated into
three parts: cavity walls losses, radiation losses and losses in
the sample. Spatial resolution ability is determined by cavity
and tip dimensions and gap between cavity and resonator,
structure of microwave field.

Il. Main Part

The probe shape affects field distribution in the sample.
When probe tip shape is flat the field has “tube” form with two
maximums.

Increasing of gap between cavity and sample causes in-
creasing radiation losses part in general losses. Fields does not
pierce deeply in the sample and affection of deep discontinui-
ties decreases.

I1l. Conclusion

The dependency between electrophysical sample parame-
ters, frequency and quality factor is established. The aperture of
cavity can be represented as an antenna, radiating into the
sample and gap between sample and cavity. With increasing
the gap radiation losses increase too.

The spherical probe tip shape is preferred in comparison
with flat because such configuration supplies only one maxi-
mum of field density and better resolution ability.
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