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AHHOMauyusi — Pa3paboTaHa meToauka MUKPOBOHOBOM
OMarHOCTUKU MONYNPOBOAHMKOB C MPOU3BONbHBIM pacrpene-
neHneM anekTpounanyeckux CBONUCTB no rnybuHe. Mpeanoxe-
HO MPOBOANTbL CKaHMpPOBaHWE MO BENWYMHE BO3AYLLHOrO 3a3opa
Mexay 06beMHbIM Pe30HATOPHLIM AATYUMKOM U MOBEPXHOCTLIO
nonynpoBogHuka. Pa3paboTtaH OQHOMEPHbIA anroputM pPeKoH-
CTPYKUMW pacnpeneneHns anekTpodmanyecknx CBOWCTB Nosy-
npoBoAHuka. OH CBOOWTCS K PELLUEHMWI0 UHTErpanbHOro ypaBHe-
HUA ONs NONyYeHUst NPOMEXYTOYHON (OYHKLUMW, MNOMHOCTbLIO
XapakTepu3syloliei CBOWCTBa OObekTa, M MnolaroBoMy anro-
pUTMY peLLeHUs HeKOPPEKTHOW 0BpaTHOM 3adaum Ans Hee.

|. BBeoeHue

CkaHupytoLwasi 30HAOBasi MUKPOBOSHOBAsi MUKPOCKO-
nua (C3MM) npumeHsieTcs 4ns UCCreaoBaHUs 3reKTpo-
dmanyeckmx ceoncte (OPC) M reoMeTprU4EcKon CTPYKTY-
pbl 06EKTOB B MUKPO M HAHO3MNEKTPOHMKe. B nocnegHee
BPEMS yAanocb AOCTWYb paspeLuarollert crnocobHocTu
MeToJa B AECATKM HAHOMETPOB 3a CYET NPUMEHEHUS Ha-
HOMETPOBOrO OCTPUSi 30HAA, PAaCMONOXEHHOro Ha KaHTuW-
nesepe ckaHupytowen cuctembl ACM [1]. OgHako aTo
NperMMyLLIECTBO OrpaHWYMBaeT BO3MOXHOCTb UccnenoBa-
HUSA ANeKTPOU3NYECKMX CBOMCTB Ha OOonbLIMX (MUKpPO-
MeTpoBbIX) rnybuHax. Kpome Toro, cTpykTypa mnons,
cdhopmmpyemoro octpuem 3oHAa, AenaeTt npeHebpexnMo
ManbIM BfUsIHUE MOAMNOBEPXHOCTHLIX CMOEB HA YPOBEHb
MonesHOro curHana.

CB06OOHBLIMK OT 3TUX HEQOCTATKOB SIBMAKOTCA METO-
OVKM, B KOTOPbIX pa3mep OTKPbITOM anepTypbl gaTyuka
conocTtaBuMm ¢ Tpebyemown rnybuHon guarHoctukm [2]. B
3TOM Crny4yae OCTPO CTOWUT 3ajaya PEKOHCTPYKUMM pac-
npefeneHnss anekTpouanyecknx napameTpoB Mo rny-
6uHe nccnegyemoro obpasua. [ns BapbUpoBaHUs rny-
OUHbI NMPOHWKHOBEHWUSI MOMsi NpefraraeTcs W3MEHATb
XapaKkTepHbI pa3mep anepTypbl. OgHako 3Ta npoueay-
pa TEXHUYECKN TPyOOEMKa U NO3BOMSET NONYyYUTb NULLb
ONCKPETHBIN Habop 3HadveHun. Kpome TOro, ucnonbaye-
Mble anropuTMbl PEKOHCTPYKLMU OCHOBaHbl Ha MEpPBOM
NpUONMXEHUN Teopun BO3MYyLLEHUR [3] wnnn npubnmxe-
HUKM cnoucton cpedbl. B criyyae 3HauuTenbHbIX (B 2 U
6onee pa3s) Bapuauuin anekTpoU3N4ecknx napameTpoB
obbekTa 3To NPUBOAUT K BONbLUMM MOrpeLLHOCTAM, Kak
npu MOAENUPOBaHUS MOMs, Tak W Npu nocrnegyroLLen
pekoHCTpyKkummn ero SPC.

B cBA3M C 3TUM akTyanbHOW ABMSieTCA 3agada Mno-
CTPOEHUSI aHaNUTUYECKON TEOPUN PacipPOCTPaHEHNS MUK-
POBOMIHOBOrO MONsi B WCCredyeMbli  HEOAHOPOAHbIN
obpasey npu Gonblwux Bapuaumax APC. Kpome Toro,
XenarternbHO MOoMyYnTb HeMnpepbIBHOE (a He MOCIOWHOoE,
KaK B CyLLECTBYIOLLMX aHarnorax) onMcaHue CBOWCTB 00b-
ekTa. OTO No3BONUT B AarnbHeWLeM NnepenTu K peLleHno
Gonee obLlen 3agaynm MUKPOBOITHOBOW CKaHMpYHOLLEN
Tomorpacpumn (MCT) - peKOHCTPYKLUN TPEXMEPHOro pac-
npegenexns 3PC B KOHTPONMPYEMOM OOBEKTE.

Il. AnropuTm peLueHnsa NpssMon 3agaun
MCT Ha ocHOBe 06beMHoro
KOaKCUanbHOro pesoHaropa

Ha pucyHke 1 nokasaHa Mopaernb MWKPOBOSTHOBOMO
JaTynKka Ha ocHoBe OOBLEMHOro pe3oHartopa U obbekTa

KOHTpONsA C HeogHOPOAHbIM pacnpegeneHnem OPC no
ero rmybuHe. PacnpegeneHve AnanekTpuyeckon npoHu-
LaemMocT M NpoBOAMMOCTM 3adaem yHKUMen Kom-
MMeKCHOro nepemeHHoro ¥(z) . MNpoTMBoMoONOXHyo AaT-
UYMKY MOBEPXHOCTb OOBbEKTa cyMTaem 3KpPaHUPOBAHHON
npoBoAHVKOM. Bapbupyem TonuwmnHy 3asopa Az, .

[Ona peweHusa npsMoln 3agayn MUCMNOMb3yem MeTo[,
3afjaHHoro B aneptype nons. B cuny oceBon cummeTpum
cuctembl nocne npeobpasoBaHns XaHkens nepBoro
nopsgka nonyunMm Ans  pagvanbHOW  CoCTaBnsioLLen
3NEeKTPNYECKOro nons E,(l) ypaBHeHMe:

0°E,1)(z.9)
L2 fAe
Z
k(z)* = upoE(2)w’ (1)
E 1)(z.9)
dE,(1)(2,9)/dz

K BUAY: %U(z,g)zl—Uz(z,g)-(Qz —kz(z)) )
Pewaem ero (44CneHHO) Ans rpaHUYHOro YCroBuUs
U(d,g) = 0 u Haxogum cyHkumo U(0,g) . OTMETUM, UTO
aTa yHKUMA nonHocTblo onpegenser APC obbekta
%(z) W SIBNSIETCA rPaHUYHBIM YCIIOBUMEM [Ansi pelleHusi

3aJaun B BO3AYLUHOM CIIO€E.

PaHee [4] 6bina nonyyeHa copmyna ans SOMOMHKW-

TENbHOW €MKOCTU, CBA3aHHON C OOBbEKTOM KOHTpONns B
3KBMBANEHTHOW CXxeMe pe3oHaTopa

Ty (k')

2me b [JO(Ka)_JO(Kb)] v !

1

~In’(b/a) g, L

ctghy Az, —Riv[’oo csechy Az,

E;1)(0,0)
E 1) (-Az;,0)
6bITe nonyyeHa n3 dyHkuumn U(z,g) W pelleHns ypas-
HeHus (1) AN BO3AYLUHOW NPOCIONKM

R (g) = (chyAzy + shy Az /(y,U(0,9))) (4)
Otkypa:
Jl(gr')

. dme, % [Jo(Ga)—Jo(Gb)]T' ' ;

62) 1n2(b/a)££ U0ty Az +1 [0 ©)

11U(0,¢) + thy Az,

C yyeTOM napameTpoB 3KBMBANEHTHOW CXeMbl AaT-
yuka v komnnekcHon dyHkuuu C, (Az,), paccuuTbiBaem
OTHOCUTENbHbIA CABUI 4acToTbl MU A4OOGPOTHOCTMU, U3Me-
psSieMbli B 3KCNEPUMEHTE - KOMIIEKCHYIO DYHKLMIO
3T /1Ty(Az)) .

~k(2)* E.1)(z.0)= —GZEr(l) (z,9)+

MopcraHoBkon U(z,q) = npvBOaUM €ro

dr'dk (3)

n=

B Heit R{‘/I’“’(g): . 9Ta dyHKUUA MOoXKeT

lll. AnropuTtm peLueHna o6paTHOM 3agaum

[Ons peweHus O6paTHOI7I 3agayn CHavana Ha OCHO-
BaHUN U3MEPEHHON NPU N3MEHSIOLLIENCH BEMNYMHE BO3-

JyluHoro 3asopa dyHkumn ST /T (Az,) BoccTaHasnmea-
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eM PYHKLUI0 BHOCUMOM OOBHEKTOM KOMMIIEKCHON €MKO-
cm C,(Az)). 3aTem peluaem YUCNEHHO MHTErpanbHoe

ypaBHeHue (5) oTHocutensHo U(0,c).

Takum obpasom, pelieHue obpaTHOW 3agaynm CBO-
OUTCA K HaxXOXOEHWUIo kz(z) n3 ypaBHeHus (2) npu 3a-
OaHHbIX rpaHnyHbix yenosusax U(0,¢) u Uch,g)=0.

MoxHo nokasaTb, 4TO aTa obpaTHasd 3agadya Hekop-
peKkTHa, Tak Kak [OonyckaeT MHOXeCTBO pelueHun. [lMo-
3TOMy €€ HYXXHO pellaTtb Kak 3agadvy onTuMmsaumu no
3agaHHOMY KpuTepwuio npasgonoaobusi. Mel ucnonb3yem
ONs 3TOro anropuTM MoLLaroBON MUHUMMU3aLIMMN CIIOXHO-
CTU OMUCaHWsl peLUEHUsi, ONUCaHHbIN paHee [5]. Ons
OLEHKM YyBCTBUTEMLHOCTW K flOKanbHbIM HEOAHOPOLHO-
CTAM Hamu pasdpaboTaH anroputM, UCMONb3yOLWNA Me-
TOOWMKY CKaHUPOBaHWUS C ABYMS PasfUYHbIMU 3HAYEHUS-
MU BO3AYyLUHOro 3a3opa [6].

IV. 3aknoyeHue

MonyyeHo o606LLeHne Mogenu nonsi B 3agave MUK-
POBOJIHOBOW CKaHWUpPYOLLE TOMorpadum nonynpoBOAHN-
KOB Ha Crny4ali NPOU3BONIbHOrO HEMPEpPLIBHOrO pacnpese-
nenunss APC no rnybuHe. lNMpeanoxeH merton Tomorpa-
v, OCHOBAHHBIN Ha M3MEPEHUN 3aBUCUMOCTU OTHOCU-
TENbHOrO CABWra Pe3oHaHCHOM YacToTbl M JOBPOTHOCTM
AaTtynka OT BENMYMHbI BO34YLUHOTO 3a30pa MexXay HUM v
NoBepXHOCTblo 06bekTa. ChopMynMpoBaHbl anropuTMbl
pelleHus npsiMoi M obpaTHoM 3adady MUKPOBOSIHOBOWM
ToMorpachum nonynpoBOAHUKOB AJ1s1 Criydasi Heo4HOPOA-
HOCTW, HENPEPLIBHO pacnpeaeneHHon no rnybuHe. MNoka-
3aHO, YTO pelleHne obpaTHOW 3agayn MOXeT ObiTb pas-
6uTo Ha ABa He3aBMCUMbIX 3Tana.
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Abstract — The technique of microwave diagnostics of semi-
conductors with arbitrary distribution of electrical properties in
depth has been developed. It has been proposed to conduct the
scanning of the value of the air gap between the resonator sensor
and the surface of the semiconductor. The one-dimensional re-
construction algorithm of distribution of electrical properties of the
semi-conductor has been generated. It consists of solution of the
integral equation for the intermediate function, which completely
characterizes the properties of the object, and step-by-step algo-
rithm for solution of the ill-posed inverse problem.

I. Introduction

Microwave Scanning Probe Microscopy (MSPM) is used to
study electro-physical properties (EPP) and the geometric
structure of objects in the micro-and nanoelectronics. The task
of construction of analytical theory of distribution of microwave
field into the inhomogeneous model with large variations of EPP
is of current concern.

II. Algorithm of Solution of Direct Problem of
Microwave Scanning Tomography (MCT) Based
on Coaxial Resonator

In order to solve the direct problem the method of the field
specified in the aperture is used. With Hankel transform of the
first order the one-dimensional equation of the second-order for
the image of the radial component of the electric field is ob-
tained. By means of substitution it is reduce to Ricatti equation
and solved numerically. The resultant function completely de-
termines EPP of the test piece and is the boundary condition for
solution of the problem in the air layer. We expect additional
capacity associated with the investigated object in the equiva-
lent circuit of the resonator. Given parameters of the equivalent
circuit sensor account the relative frequency shift and Q, meas-
ured in the experiment

[ll. An Algorithm for Solving the Inverse

In order to solve the inverse problem on the basis of meas-
ured function at varying value of the air gap the function of inte-
grated capacity introduced by the object is restored. Then the
integral equation is solved. It might be shown that this inverse
problem is incorrect, since admits multiple solutions. We use
the step-by-step algorithm of minimization of complexity of de-
scription of the solution.

lll. Conclusion

The generalization of the model of the field in the task of MST
of semiconductors for the arbitrary continuous distribution of EPP
in depth has been obtained. The method of tomography based on
the measurement of dependence of relative shift of resonance
frequency and Q factor of the sensor on the size of the air gap
between it and the surface of the object has been proposed. The
algorithm of solution of direct and inverse problems of microwave
imaging of semiconductors for the case of one-dimensional inho-
mogeneity has been formulated. It has been shown that the in-
verse problem might be divided into two independent stages.
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