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AHHOomayusi — PaccMoTpeHbl M NpoaHanuMaMpoBaHbl Cro-
coBbl (HOPMUPOBAHMA UHADOPMALIMOHHBLIX CUrHaNOB B MWUKPO-
BOJTHOBOW MUKPOCKOMWY MPY MUCMOSIb30BaHUN B Ka4ecTBe M3me-
puTENbHBLIX NpeobpasoBaTerieil Pe30HAaTOPHBIX CUCTEM C MUK-
posoHgamu. MNpeanioxeHbl U UCCReaoBaHbl CXeMHbIE PeLLeHs!
cuctem hOpMMPOBaHUSA MHAOPMALWMOHHBLIX CUTHAroB, MpuBe-
[eHbl COOTHOLLEHUs, onucbiBalowwme MX paboTy, NpoBefeHbI
CPaBHUTESbHbIE KOSIMYECTBEHHbIE OLIEHKN CUrHAMOB.

|. BBepeHue

B GnwkHenoneBonW MMWKPOBOJSIHOBOW CKaHUPYOLLEN
mukpockonuu (MCM) npocTpaHCTBEHHas paspeLuatoLas
CnocobHOCTbL MeToAda onpenensieTcss pasmMepaMmu 3oHaa
MU ero paccTOsiHMEM OT MOBEPXHOCTW, a YyBCTBUTEIb-
HOCTb — BENMYUHON Ko3dppuLmMeHTa npeobpasoBaHus
N3MEHEHUI 3NEeKTPOU3UYECKMX XapaKTEPUCTUK mcche-
Oyemoro matepuarna B U3BMEHEHUs1 XapaKTEPUCTUK pe3o-
HaTopa 1 TOYHOCTbLIO N3MEPEHNS 3TUX U3MeHeHuN [1, 2].

OCHOBHBIMW M3MEPSEMbIMU XapakTepucTukamm pe-
30HaTOPOB ABMNATCA pe3oHaHCHas 4actoTa u [obpoT-
HOCTb. Mcxoas m3 guanasoHa M3MepsAeMbIX 3HaYeHUi
[OOpOTHOCTW, PE30HAHCHOW 4acToTbl UM MMEKLUXCH
TEXHUYECKUX BO3MOXHOCTEN MOXHO BbibpaTb Havbonee
noaxonsaLwmii cnocob namepeHus.

MpumeHutensHo k MCM Heobxogumas uamepu-
TenbHasi MHOPMaUnsi COOEPXKUTCS B U3MEHEHUSIX pe-
30HaHCHOMN 4acToTbl U AOOPOTHOCTN OT HayamnbHbIX UK
3aaHHbIX 3HAYEHUIA.

Llenbto paboTtbl siBnsetca o6ocHOBaHMEe cnocoboB
N3MEpEeHUss COBUrOB PE30HAHCHOW 4acTOTbl U U3MEHe-
HWUA 4OOPOTHOCTM NpUMeHUTENBHO kK MCM.

Il. OcHoBHasA yacTb

B xope BbinonHeHus paboTbl GbiNy anpobupoBaHbI
HEeCKONbKO BapuaHTOB (DOPMUPOBAHWUS CUrHANoB CKa-
HMpOBaHMWS, KOTOpble pas3nuyarTcsl (YyHKLMOHMPOBA-

Hnem CBY yctpoiicteBa MCM wu nocnegetekTopHown
obpaboTkon.

MepBbIi BapuaHT cuctembl (NPEACTABIEHHBIN HX-
HUM KaHaroMm CXeMbl, MpUBeAEHHON Ha puc.1) NnocTpoeH
Ha ocHoBe reHepatopa ¢ AlY no pesoHaHCHOMY U3Me-
putensHoMmy npeobpasosatento (PUIM) (cuctema AMNY
BblAerieHa Ha cxeMe NyHKTUPHOM NUHKUEN).

Mpn aTOM CMrHan ckaHUpOBaHWs, CBSA3aHHLIN C Offfy,
BblAenseTcs B BMAE curHana owmbku nocre ¢as3oBoro
netektopa 7.

BenuunHa ero B obwem criydae onpegensieTcs Bbl-
paxeHvem
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roe 6U(6fy) — HanpsbkeHue curHana owwmnbKu, Mcnonb-
3yemoe Anis NOACTPOWMKN YacToTbl M3MEPUTENBHOIO re-
HepaTopa; S — KpyTW3Ha NepecTpoVKn 4acToTbl U3mMe-
puUTENBHOrO reHepartopa.

CurHan, csszaHHbI ¢ O0Q/Q, BblgenseTcs B Buae
HanpsbkeHus Ha CBY peTtekTtope Ha yacTtoTe 2Q), ycunu-
BaETCS Y3KOMOMOCHBIM yCunuTenem u ganee nocrynaer
Ha cuctemy obpaboTku.

HanpshkeHne curHana Ha CBY pgetekTope Ha 4acTo-
Te 2Q) BygeT onucbIBaTbCA CNeayrLM BbipaXKEHNEM:
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Puc. 1. @yHkyuoHanbHasi cxema CBY cucmembi Ha ocHoee eeHepamopa ¢ AlY o PUIT.
Fig. 1. Microwave measuring system on the basis of the generator with AFC on cavity measuring transformer
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naumm; B4, B2 — KoapdpuumeHTsl cBa3N; P, — MOLLHOCTb
nameputensHoro CBY reHepaTtopa; K. — koadpuumeHT
nepegayy CornacyoLmx yCTpoucTB; Ss — koadduum-
€HT npeobpasoBaHnsa AeTekTopa; Ry — conpoTusrneHue
OEeTeKTOpHOro auoaa B pabo4yen Touke.

AlNY unamepuTenbHOrO reHepaTtopa CHWXaeT Bhus-
HVMe Ha MH(OPMALMOHHBIN CUrHan LWyMoB, oBycrnoBneH-
HbIX 4acCTOTHbIMU hryKTyaLuusiMM reHepaTopa, UCnosb-
30BaHMe curHana 20 no3BonsieT YMEHbLUUTb COCTaB-
NALWYI0 Wyma AeTekTopa, nponopuuoHansHyto 1/f, a
CenekTUBHOE yCUneHne — nNorocy ycunmBaeMbIx LWymoB.

Mpn B =B1=P2=0,5 P.=1MBT; K- =0,9; J¢(m) =

0,96 (mpu m = 0,3); Ss ~ 1 MA/MBT; Ry ~ 10° Om ansa
aMnnuTygHoro koadpduumeHta Ap nonyydmm COOTBETCT-
BeHHO ~ 0,215 B.

CurHan owmnbkn Ha NOCTOSIHHOM TOKE, CBSI3aHHbIN C

BenuuuHoit 8f, nponopumoHaneH (20, Acod/coo)z OueHu-

Bas Ty BEMW4UHY Npu Qu ~ 10 wo = 210", Aw, =
2m-10° nonyyum 6Ur ~ 0,8 10 B.

Takoro e nopsiaka BenuyMHy MOXHO NOMNy4nTb Ans
Uq, a ansa 6Uq cooTtBeTcTBEHHO Ug(AQ/Q) B Ha yactoTe
2Q.

B paccmaTtpuBaemMoii cxeme MOXHO Takke ¢hopMu-
poBaHue curHana 6Q/Q ocylecTBNATb MO U3MEHEHUIO
KoadhduumneHTa nepegayn PUI B pesoHaHce.

Mpu atom cuctema AMNY no PUM ncnonesyetca ans
NnoaAepXaHns paBeHCTBa 4acTOT W3MEepUTENbHOro re-
HepaTopa u PUI, a uHopMaumnoHHbIA curHan nony4a-
eTCcs 13 BapvauuMm aMmnnuTydbl curHana, npoxoAsiiero
yepes PUM n pgetektupyemoro getektopom 5. UHdop-
MaUMOHHbIA CUrHar, CBA3aHHbIN C BennumnHon 0Q, byaet
3HaunTenbHo bornblue, Yem B NEPBOM Criyyae.

[ns BTOpOro BapvaHTa U3MEpUTENBHOW CXeMbl Npu
TEX e TeXHUYECKVX napameTpax, 4To W B Nepsom cny-
yae, nonyyaem 6Ur~ 0,8+ 10® B, OUq ~ 5 102 ((AQ/Q) B.

Tpetui BapuaHT copmupoBaHusa curHanos Offf n
0Q/Q peanuayeTcsi Ha OCHOBe Bcel cxeMmbl (puc. 1).

Onpegenexve BenuunHbl 6Q ocylecTBnsieTcs ¢ no-
MOLLIbIO HVXKHETO KaHarna CXeMbl Kak B NepBOM criyyae, a
Oflff onpepensieTca No M3MEHeHWo koaddumumeHTa ne-
pefayn [OMONHUTENBLHONO HacTpamBaeMoro BbICOKO-
[OoOpOTHOro pesoHaTopa, WMCMOoNb3yeMOro Kak AMCKpU-
MUHaTOp.

Mpu atom cmrHan nponopunoHaneHbii 6Uq, Byaet
nopsgka 0,8 10° B npu ucnonb3oBaHUN Ans aHanvlsa
curHana 2Q (kak B nepeoM BapuaHTe) n ~ 5-107%(AQ/Q)
B npu aHanuse uaMeHeHUs BeNWYMHbI KOahdULMEHTa
nepegayv (BTOpOVI BapuaHT U3MepUTENbHOW CXEMbI), a
curvan 5f ~ 0,410 B.

lll. 3akno4yeHue

AHanus, npoBefdeHHbIn AN PasnUyHbIX PEXMMOB
paboTbl pacCMOTPEHHbIX cxeM hopMMPOBaHUSA UHAOP-
MaLUMOHHbIX curHanos pesoHatopHbix MCM, nossonset
cchopmynumpoBaTb TpeboBaHMSA K UX y3raM U 3NeMeH-
Tam, a Takke K anmapatype nocrnegywouiei obpaboTku
nosly4yaemblX CUrHarnos.
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Abstract — Ways of formation of intelligence signals in mi-
crowave microscopy are considered and analyzed with the use
as measuring transmitters of cavity systems with microprobes.
Circuit designs of systems of training of intelligence signals are
offered and investigated, formulas describing their work are
formulated, and comparative quantitative assessments of sig-
nals are made.

|. Introduction

In microwave scanning microscopy (MSM) spatial resolution
is defined by the sizes of a probe and its distance from the sur-
face, and its sensibility — by the conversion factor of changes of
electrophysical characteristics of investigated material in
changes of cavity characteristics and accuracy of measure-
ments of these changes. With reference to MSM the necessary
measuring information is contained in the changes of resonant
frequency and in the Q-factor of initial or present values

Il. Main Part

By way of execution of work some variants of formation of
scanning signals, which distinguish by functioning of microwave
device MSM and post-detection processing, are put to an
evaluation test.

At the first system the scanning signal connected with 6f/f,, is
pointed out in the form of error signal after the phase detector.
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The signal connected with 8Q/Q, is allocated on the detec-

tor on frequency 2Q, is amplified by the narrow-band amplifier
and proceeds in storage and transmission system.
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The error signal on a direct current, linked with value &f, is

in proportion to (20, A, /o)’ . Estimating it at Q, ~ 10°, wo = 2

™ 10", Aw 5 = 2 1 10° we deduce 86U ~ 0,8-10° V. The same
order of magnitude can be obtained for Uq, and accordingly for
OUq - Uq (AQ/Q) V on frequency 2Q.

At the considered scheme, it is possible to carry out the
formation of Q/Q signal by the changing of transfer factor of
CMT at a resonance.

For the second variant of the measuring scheme with the
same technical parameters, we receive 6U; ~ 0,8 10® In, 5Uq ~
5107 (A Q/Q) V.

The third variant of the signal formation of 6f/f and 6Q/Q is
realized on the basis of the whole scheme ( fig. 1).

Definition 6Q is carried out by the means of the basal chan-
nel of the scheme as in the first case, and o6f/f is defined by the
changing of transfer factor of high-Q resonator used as dis-
criminator.

I1l. Conclusion

The carried out analysis for various operating modes of
considered schemes of formation of intelligence signals of cav-
ity MSM, allowed formulating of requirements to their knots and
elements, and to the equipment of the subsequent processing
of received signals.
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