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AHHOmayusi — PaccMOTpeHbl M MpoaHanu3nMpoBaHbl CrocoObl
OpPMUPOBaHNS MHEPOPMALIMOHHBIX CUrHanoB B MWKPOBOJIHO-
BOMN MWKPOCKOMUWM NPU UCMOMNb30BaHUN B KavyecTBe W3Mepu-
TenbHbIX NpeobpasoBaTeneli pe3oHaTOPHbIX CUCTEM C MUKPO-
3oHgamu. [MpeanoxeHbl M MccrnefoBaHbl CXEMHblE pelleHust
cucteM hopMUPOBaHUS MHAOPMALMOHHBIX CUrHarmnoB, npuse-
OeHbl COOTHOLLEHUs, onucbiBatolMe WX paboTy, NpoBeAeHbI
CpaBHUTENbHbIE KOMUYECTBEHHbIE OLEHKN CUrHarnoB.

|. BBegeHue

B 6nuxHenoneBor MUKPOBOMHOBOW CKaHMpPYHOLLEN
mukpockonuu (MCM) npocTpaHcTBeHHas pa3peluatoLLas
CnocobHoCTb MeToAa onpenensieTcst pasmepamMmu 3oHaa
W ero paccTosiHMEM OT MOBEPXHOCTW, a YyBCTBUTEIb-
HOCTb — BenuMuMHOM KoaddpuumeHTa npeobpasoBaHUs
N3MEHEHUI 3NEeKTPOU3NYECKMX XapaKTePUCTUK Uccne-
AyeMoro matepuana B U3MEHEHNs1 XapakTepucTuK peso-
HaTopa 1 TOYHOCTbLIO 3MEPEHNS 3TUX N3MeHeHun [1, 2].

OCHOBHbBIMN M3MEPSEMbIMN XapakTepUcTMkammn pe-
30HaATOPOB SABMATCA pe30oHaHCcHas 4actoTa u [obpoT-
HOCTb. Mcxogoa m3 guanasoHa U3MepSeMblX 3HadYeHWUi
[OOpOTHOCTW, PE30HAHCHOW 4YacToTbl WM MMEKLLUXCS
TEXHUYECKUX BO3MOXHOCTEN MOXHO BblOpaTb Hanbonee
noaxoasLwun cnocod namepeHus.

MpumenntensHo Kk MCM Heobxogumas uamepu-
TenbHas UHMOPMaUUsi COOEPXUTCSH B U3MEHEHUsX pe-
30HaHCHOM 4acTOoTbl U OOPOTHOCTM OT HavanbHbIX UK
3aaHHbIX 3HAYEHWIA.

Llenbto paboTbl siBNsieTca obocHoBaHMe cnocoboB
W3MEPEHUSI COBUrOB PE30OHAHCHOW 4acTOTbl U M3MEHe-
HWUIA OBPOTHOCTM NPUMeEHUTENBHO K MCM.

II. OcHOoBHas yacTb

B xoge BbinonHeHnst paboTbl Gbinn anpobunpoBaHbl
HEeCKOINbKO BapnaHTOB (hOPMUPOBAHNSI CUrHANOB CKaHW-
poBaHUA, KOTOpble pasnuyalTca (YHKLMOHMPOBAHMEM
CBY yctponctea MCM 1 nocnepetektopHoln o6paboT-
KOW.

MepBbIi BapyaHT cucTembl (NMpeacTaBneHHbIN HNX-
HUM KaHanoM CXeMbl, NPUBEeOEHHON Ha puc.1) NOCTpoeH
Ha ocHoBe reHepatopa ¢ AlY no pe3oHaHCHOMY M3mMe-
puteneHoMmy npeobpasoBaTento (PUIM) (cuctema AMNY
BblJeMNeHa Ha CXeMe NMYHKTUPHON NNHUEN).

Mpu 9TOM cuUrHan CckaHMpOBaHUS, CBA3aHHbLIA C
offfo, BEIOENSAETCS B BUAE curHana owmnbku nocne gaso-
BOro getekropa 7.

BenwnunHa ero B obwem cnyvae onpegenseTtcs Bbi-
paxeHnem
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roe O0U(Ofy) — HanpshkeHue curHana owmbku, uc-
nonb3yemMoe Ansl NOACTPOMKM YacTOTbl N3MepPUTENBHOIO
reHepaTopa; S — KpyTu3Ha NepecTporku YacToTbl U3Me-
pUTENbLHOrO reHepaTopa.

CurHan, cBsizaHHbI ¢ 0Q/Q, BblaensieTcs B Buae
HanpsbkeHnsa Ha CBY pgetekTope Ha yactoTe 2Q), yeunu-
BaeTCsl Y3KOMOJIOCHLIM YCUNUTENEM W farnee nocTtynaet
Ha cuctemy o6paboTkm.
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Puc.1. ®dyHkumnoHanbHasa cxema CBY cuctembl Ha ocHoBe reHepatopa ¢ AlNY no PUM
Fig. 1. Microwave measuring system on the basis of the generator with AFC on cavity measuring transformer

HanpsokeHne curHana Ha CBY petektope Ha uva-
ctoTte 2Q GyneT onucbIBaTbCA CNeayrLWwmM BblpaXeHu-
eMm:
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A _ 4B1B2'Jg(m)'Pa'Eﬁ'Sa'Ra
(1+B,+B,)
Beccensa nepsoro poaa oT aprymeHTa m; m=Aw,/Q -

WHOEKC YaCTOTHOM mMoaynsumn; Awqg — AeBuauns 4acto-
Tbl M3MEPUTENBLHOTO reHepaTtopa; Q — yactota Moayns-
unn; B1, B2 — kO3PPUUMEHTBI CBA3M; P. — MOLIHOCTb
nameputenbHoro CBY reHepatopa; Kc — koaddpuumeHT
nepefaydv cornacyroLlmx yCTponcTs; Sg — KOaPULMEHT
npeobpasoBaHust petekTtopa; Ry — conpoTuBneHue age-
TEKTOPHOro Auoaa B paboyen Touke.

AlNY nsamepuTensHOro reHepaTopa CHWXaeT BNud-
HVMe Ha MHOPMALMOHHBIN CUrHan LWymMoB, 00yCrnoBneH-
HbIX YaCTOTHbIMU OYKTyaLusiMM reHepaTopa, MCnorsb-
30BaHve curHana 2 no3BonsdeT yMEeHbLUNTb COCTaBMs-
IOy LWyMa AeTekTopa, nponopunoHansHyto 1/f, a ce-
NEKTUBHOE YCUIMEHNe — Nonocy ycunmBaeMbix LUYMOB.

Mpu B =B1=P2=0,5; P.=1MBT; K;=0,9; J7(m)

= 0,96 (mpu m = 0,3); Sp ~ 1 MA/MBT; Ry ~ 10° Om ansa
aMmnnutygHoro Koaddpmumenta Ag Nomny4ynm CooTBeT-
cTBeHHO ~ 0,215 B.

CurHan owmnbkn Ha NOCTOSIHHOM TOKe, CBSI3aHHbIN C

; Jo(m) — dpyHKUMSA

BenuumnHoii 8f, NnponopunoHaneH (2Q; Amd/mo)z. OueHu-

Bas c-)Ty BENUYUHY npu Q, ~ 10 wo = 210", Aw, =
2m10° nony4mm 6Us ~ 0,8- 10® B.

Takoro e nopsgka BenuyMHYy MOXHO MOMyYnTb
ans Ug, a ana dUg cooTtBeTcTBEHHO Uo(AQ/Q) B Ha
yacrtoTe 2Q.

B paccmatpuBaemon cxeme MOXHO Takke popmu-
poBaHune curHana 6Q/Q ocyLecTBNsATbL MO U3MEHEHUIO
KoadhduumneHTa nepegayumn PUIT B pesoHaHce.

Mpu atom cuctema AMNY no PUM wucnonbsyetca
ONS NoAAepXaHns paBeHCTBa 4YacTOT M3MEPUTENbHOro
reHepaTopa u PUI, a nHOpMaLMOHHbIN CurHan nony-
YaeTcs M3 BapvauuvM amnnuTydbl curHana, npoxoasiie-
ro yepes PUM u petexktnpyemoro getektopom 5. UH-
(POpPMaLMOHHBIA CUrHanM, CBA3aHHbIA C BennyumHon 0Q,
OyneT 3HaunTenbHo Gonblue, Yem B MEPBOM Cryyae.

[nsi BTOporo BapvaHTa U3MepuTenbHOM CXeMbl Mpu
TeX e TeXHM4eCKUX napameTpax, 4To 1 B NepBOM Cry-
yae, nonyyaem 6U; ~ 0,8- 10® B, OUqg ~ 5 10 ((AQ/Q) B

Tpetuin BapmaHT OPMMPOBaHUS CUrHaroB 6f/f "
0Q/Q peanusyeTcsi Ha OCHOBE BCel cxeMbl (puc. 1).

OnpepeneHve BenuuuHbl O0Q OCyLLEeCTBRsSeTCA C
MOMOLLbIO HUXXHETO KaHana CXeMbl Kak B MepBOM CIy-
yae, a Of/f onpegenseTca No nameHeHwo ko3 duunen-
Ta nepefayvn OONOMHUTENbHOTO HACTpanMBaeMoro BbICO-
kogobpoTHOrO pes3oHaTopa, WCMONb3yeMOro Kak auc-
KpumunHaTop.

Mpu atom cmrHan nponopumoHaneHeii Ug, byaet
nopsaka 0,8 10® B npyv uncnonb3oBaHUN AN aHan|/|3a
curHana 2Q (kak B nepBoM BapuaHTte) n ~ 5- 10 (AQ/Q)
B npu aHanuse maMeHeHWs BenuyuHbl KoadduumeHTa
nepegayv (BTOpOVI BapuaHT U3MepUTENbHOW CXEMbI), a
curvan 5f ~ 0,410 B.

Il. 3aknroyeHune

AHanus, npoBedeHHbIN ANA pasnuUyHbIX PEXUMOB
paboTbl pacCMOTPEHHbIX cxeM chopMupoBaHust UHGOP-
MaLUMOHHbIX curHanoB pesoHaTopHbix MCM, nossonser
chopmynupoBaTtb TpeboBaHMS K MX y3nam U dnemeH-
TaMm, a TaKkke K annapaType nocnegywouwen obpaboTku
norny4YaembIX CUrHaroB.
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Abstract - Ways of formation of information signals in micro-
wave microscopy are considered and analysed at use as
measuring converters cavity systems with microprobes. Circuit
decisions of systems of formation of information signals are
offered and investigated, the parities describing their work are
resulted, comparative quantitative estimations of signals are
spent.

I. Introduction

In microwave scanning microscopy (MSM) spatial resolu-
tion is defined by the sizes of a probe and its distance from a
surface, and sensitivity — by factor of transformation of changes
of electrophysical characteristics of an investigated material in
changes of characteristics of the cavity and accuracy of meas-
urement of these changes. With reference to MSM the neces-
sary measuring information contains in changes of resonant
frequency and quality from initial or preset values.

Il.  Main Part

During work performance some variants of formation of
signals of scanning which differ with functioning of microwave
device MSM and detector processing have been approved.

At first system the signal of scanning connected with 6f/fo,
is allocated in the form of a signal of an error after the phase
detector.

§~ &f, _oU (Sfo)-S
fo f R
The signal connected with 3Q/Q, is allocated on the de-

tector on frequency 2Q), amplifies the narrow-band amplifier and
further arrives on processing system.

(Amd )

0
The error signal on a direct current, linked with 6f, is pro-

portiona (2Q, Awd/wo)zl Estimating it at Q, ~ 10°, wo = 2 T

10", Aw 5 =2  10° we will receive 5U; ~ 0,810 V. The same
order the size can be received for Ug, and for 6Uq accordingly
Ug (AQ/Q) V on frequency 2Q.

At the considered scheme it is possible also 6Q/Q signal
formation to carry out on change of transfer factor of CMT at a
resonance.

For this variant of the measuring scheme at the same
technical parametres, as in the first case, we receive oU; ~
0,8:10% In, 8Ug ~ 51072 - (A Q/Q) V.

The third variant of formation of signals &f/f and 6Q/Q is
realised on the basis of all scheme ( fig. 1).

Definition 6Q is carried out by means of the bottom chan-
nel of the scheme as in the first case, and &f/f is defined on
change of transfer factor of high quality resonator used as the
discriminator.

UX = A 2347



lll. Conclusion

The analysis spent for various operating modes of consid-
ered schemes of formation of information signals cavity MSM,
allows to formulate requirements to their knots and elements,
and also to equipment of the subsequent processing of re-
ceived signals.



