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AHHOmauusi — [lpepnaraetca MeTod W3MepeHust
CABWUIOB PE30HAHCHOW 4acToTbl U U3MeHeHuin o6poT-
HOCTU pEe30HaHCHbIX M3MepUTerbHbIX NpeobpasoBaTte-
nen Ha ocHoBe aHanusa dOypbe-KOMMOHEHT UMMYIbCHO-
ro CBY curnana.

|. BBegeHue

OfHMM 13 aKTUBHO pa3BMBAIOLLMXCA B HacTosiLee
BpEMS METOAOB WCCNEeAOBaHNsS 3neKTpodunsn4eckmnx
XapakTepucTVK pasfnuyHbIX MaTepuarnoB SBMSETCA CKa-
HMpyloLWas MUKpoBonHoBasi Mmukpockonms (CMM). Kak
npaBuno, B KavyecTBe 4YyBCTBUTENbHOMO dNieMeHTa B
CMM wucnonb3yeTcsi pe30HaHCHbI  U3MEepUTENbHbIN
npeobpasoBatens (PUI) ¢ MmukposoHaom [1].

NHbopmaumsa o xapakTepucTnkax U COCTOSIHUM UC-
crnegyemoro BellecTBa npu ncnonb3dosanum PUM ¢ muk-
PO30OHAOM COAEPXKUTCH B UBMEHEHUSIX ero pe3oHaHCHOMW
YacToTbl U AOBPOTHOCTM. M3amMeHeHnsa aTux napameTpoB
npu nccnefoBaHUM OOHOKOMMOHEHTHBIX CTPYKTYP, Kak
npaBumio, HeBEMUKN.

HecmoTpa Ha 6Gonblwoe pasHoobpasve MeTodoB
n3mepeHnss JOOPOTHOCTM U PE3OHAHCHOW YacTOTbl MUK-
POBOMHOBLIX PE30HATOPOB, BCE OHW [AOMXHbl yOoBre-
TBOPATbL NPOTUBOPEYMBLIM TpebOBaHUSAM BbICOKOWM CTa-
OUNBHOCTM YacTOTbl M3MEPUTENBHOIO reHepaTopa npu
HeobXoAMMOCTN €ero NepecTporkv WM YacTOTHOM MO-
Aynaummn, 4YTto BedeT K 3HAYMTeNIbHOMY YCIIOXHEHWIO
N3MepUTENbHON CXeMbl [2-5].

Llenbto paboTbl aBnsdeTca paspaboTka metoda W3-
MepeHUsi caBWra Pe3oHaHCHOW 4acToTbl U WM3MEHEHWs
pobpotHocTn PUM nytem ananunsa ®ypbe coctasnsio-
WMX CreKTpa amnnmMTygHO-MaHUMyfIMpOBaHHOIO CUrHa-
na nameputenbHoro CBY reHepatopa, 4Tto nossonset
YyNpOCTUTb U3MEPUTENbHYKD CXEMY U CHU3WTbL TpeboBa-
Husa k CBY reHepaTopy.

II. OcHOBHas yacTb

CyTb MeToda 3aknioyaeTcs B TOM, YTO MHdopma-
LMo O cOBUre Pe3oHaHCHOW 4acToTbl Y U3MEHEeHUN J06-
potHocTn PUM MOXHO nomyyaTb C NOMOLLBIO aHanusa
®ypbe COCTaBIALLNX crnekTpa amnnuTygHo-
MaHWMNynNMpoBaHHOrO curHana wameputensHoro CBY
reHepaTopa, YTo MO3BOMSET YyNPOCTUTb N3MEPUTENBHYIO
CXeMY M UCMomb30BaTb CTabMNM3NPOBaHHbIA reHepaTop,
HacTpamBaeMbln Ha YacTtoTy PUIT.

CTpyKTypHas cxema YCTPOWCTBa, peanusyloLlero
OaHHbIN MeToAd, npeactaeneHa Ha puc.1. B coctaB um3-
MEpPUTENBHOTO YCTPOMCTBA BXOAAT: W3MEPUTENbHbIN
CBM reHepatop 1, cbepputoBbIE BEHTUNN 2, MOOYNATOP
3, reHepatop MMNynbCHbIX curHanos 4, PUIM 5, CBY
netekTop 6 n yctporncTteo obpaboTkm curHanos (YOC) 7.

CwvrHan nsmepuTtensHoro reHepaTtopa 1 no makcu-
MyMy CUrHana Ha feTektope 6 HacTpavBaeTcsl Ha pe3o-
HaHcHyto YacTtoty PUM 5. C nomoLlbio reHepaTtopa um-
MynNbCHLIX CUrHarNoB OCYLLECTBNSAETCA  aMmnnnTyaHO-
nmnynbcHasa Mmanunynsuma CBY curHana.
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Puc.1 CmpykmypHasi cxema ycmpoticmea
Fig. 1 Block diagramme of the device

Ons curHana Ha Bbixoge Aetektopa Sex(f) MoxHO
3anucaTtb criefyoliee COOTHOLLEHNe

Sext(f)=sg(f)‘Km'KL'KC‘Kdy @)

rae sy(f) — curHan Ha Bbixoge reHepaTopa 4; Kn —
ko3 prumneHT npeobpasoBaHusa (nepegayvn) MoaynaTo-
pa 3; KL — koadpumuneHT npeobpasoBaHns (nepegaym)
nameputenbHoro Tpakta; K. — koadhduumneHT npeobpa-
3oBaHusa (nepegayn) PUM 5; Ky — koadpdmumeHT npeob-
pa3oBaHusa (nepegayn) getekropa 6.

MapameTpbl MMMYNbCOB, UX AMUTENBHOCTL T U Me-
pvoa T BblbupatoTca Tak, 4Tobbl YacToTa nepson Boko-
BOM COCTaBNAOLWEN CNeKTpa aMnnmMTy4HO-MaHUNynmpo-
BaHHOIO curHamna Haxogunacb B TOYKE MaKCUMarbHOWN
KPYTU3HbI Mpeobpa3oBaHNs YacTOTHbIX W3MEHEHUA B
amnnuTygHble Ha pe3oHaHCHoW xapaktepuctuke PUI,
Kak 370 BMOHO Ha puc. 2.
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Puc.2 Cnekmp amnnumyOHo-MaHuUnynupog8aHHo20 cua-
Harna rpu 3adaHHbIX Napamempax UMybcos
Fig. 2 The spectrum of amplitude-manipulated signal
with the given parameters of pulses

Ona nepBbix cocTaBnsloWmMX Pypbe-KOMMNOHEHT
curHana, npoluefllero Yyepes pe3oHaTopHbIA npeobpa-
30BaTenb, NPW PaBEHCTBE YacTOT M3MEPUTENbLHOIO re-
HepaTopa Wg1 M PE30HAHCHON YacToTbl NpeobpasoBaTe-
Nst W C YYETOM COOTHOLLEHMSA (1) MOXHO 3anuncaTb
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Takum obpasom, n3 BeipaxkeHun (2) n (3) cnegyer,
YTO B aMnnuTydax M OTHOLUEHMSAX aMnnuTya COOTBET-
CTBYIOLLMX COCTaBNSIOWMX CMEKTpPA curHana nocne npo-
xoxaeHusa PUM copepxuTtca uHdopmauusa o ero ob-
POTHOCTU M Pa3HOCTW 4acTOT M3MEPUTENbLHOrO reHepa-
Topa n npeobpasoBaTens.

JkcnepumeHTanbHas npoBepka meToda NpOoW3BO-
Avnacb NyTem aHanu3a xapaktepa U3MEeHeHWst CocTaB-
NAKLWNX cnekTpa curHana Ha Beixoge PUIT npu Bapua-
umm ero JoBPOTHOCTM M Pe3OHAHCHOW 4acToTbl. [lpu
aToM ObINu 3admKCUpoBaHbl BapuvauuyM amniuTyg co-
CTaBMALWMX CNEKTpa CurHana u BbISBMEHbI OrpaHuye-
HMA NO Ananas3oHy BO3MOXHbLIX M3MepSeMbIX 3HaYeHUN
(no pobpoTHoCcTN — He Bonee yem B ABa pa3a OT HOMU-
HanbHOro 3HaYeHus, Mo cABury YactoTel — He Gonee
nonyLMpUHBI Nonockl nponyckaHus PUM).

Mpouecc n3mepeHnss MOXeT ObiTb CyLLECTBEHHO
YNPOLLEH U YCKOPEH 3a CYET BBELAEHNS CPABHUTENBHOMO
NporpaMMHOro aHanu3a CrneKkTpa MOZYNMPYHOLEro cur-
Hara v curHana Ha BbIXoAe AeTeKTopa.

[1l. 3aknroyeHue

MpennoxeH meTon M3MeEpPeHVs MarnbiX COBUIOB pe-
30HAHCHOM 4acToTbl U U3MEHEHUN [OOPOTHOCTU pe3o-
HaHCHbIX M3MepuTenbHbIX Npeobpa3oBaTenent Ha OCHO-
Be aHanusa ®ypbe-KOMNOHeHT umnynbcHoro CBY cur-
Hana.

Bo3amoxHOCTV npeanaraemMoro Metoga MoryT 6biTb
CYLLECTBEHHO pacluMpeHbl 3a CYeT WCMNONb30BaHWA
undpoBor 06paboTkn pesynbLTaToB U3MEPEHNN.

MMnNynbCHBIN MeToa n3MepeHnst MarnbiX U3MEHEHUN
[OBPOTHOCTM M PE30OHAHCHOW 4acToTbl MOXET ObiTb
3P (PEKTUBHO UCMONb30BaH B CKaHUPYIOLLEN MUKPOBOI-
HOBOW MMKPOCKONWM MpW aHanu3e KBasnoOgHOPOAHBLIX
mMaTepuanoB W CTPYKTYp C MNOMOLLbIO Pe30HATOPHbIX
npeobpa3oBaTenen.
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Abstract — Method is proposed for measuring the resonance
frequency shift and changes quality factor of resonant trans-
ducers on the basis of Fourier-components analysis of a pulsed
microwave signal.

I. Introduction

One of actively developing the current methods for study-
ing the electrical characteristics of different materials is a scan-
ning microwave microscopy (SMM). Typically, as the sensing
element used in the SMM resonant transducer (RT) with micro-
probe.

Information about the characteristics and condition of the
substance when used RT with microprobe is contained in
changes in its resonant frequency and quality. Changes in the-
se parameters in the study of single-component structures, tend
to be small.

The aim is to develop a method for measuring the reso-
nance frequency shift and Q change RT by analyzing the Fouri-
er components of the spectrum amplitude-manipulated signal of
the microwave measuring generator that simplifies the measur-
ing circuit and reduce the requirements for the microwave gen-
erator.

Il. Main Part

The method is that information about the resonance fre-
guency shift and change in the Q RT can be obtained by using
Fourier components analysis of the spectrum amplitude-
manipulated signal of the measuring microwave generator that
simplifies the measuring circuit and a frequency stabilized gen-
erator, customizable to the frequency of RT.

Parameters of pulses, their duration T and period T is cho-
sen so that the frequency of the first lateral component of the
spectrum amplitude-manipulated signal is at the point of maxi-
mum slope transformation frequency changes in the amplitude
at the resonance characteristics of RT, as shown in Fig. 2.

From expressions (2) and (3) is visible that the amplitudes
and the ratio of the corresponding components of the signal
after passing through the RT contains information about its
quality factor and frequency difference between of the meas-
urement generator and transducer.

Experimental verification of the method was performed by
analysis of the change in the components of the signal at the
output of RT with variations in its quality factor and resonant
frequency. At the same time were recorded variations of ampli-
tudes of the signal spectrum and the constraints on the range of
possible measured values (on quality factor - not more than
twice the nominal value, of frequency shift - no more half-
bandwidth RIP).

Ill. Conclusion

Proposed a method for measuring small shifts of the res-
onance frequency and Q changes the resonant transducers on
the basis of Fourier-components analysis of a pulsed micro-
wave signal.

Capabilities of the proposed method can be significantly
enhanced through the use of digital processing of measurement
results.

Pulse method for measuring small changes in Q and the
resonant frequency can be effectively used in a scanning mi-
crowave microscopy for the analysis of a new quasi-
homogeneous materials and structures with resonant transduc-
ers.



