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1. CTpykTypHO-TIapaMeTpUyHa MoauQikallisg MiKpoeJIeKTPOHHUX CUTHAJIbHUX NI€PETBOPIOBAYIB iMIIeJaHCy 111

CEHCOPHOI TEXHIKU

2. Structure and parameteric modification of microelectronic impedance signal converters for sensor technology

Pedepar:

1. luceprarifina po6oTa npucBsyeHa npobaeMaTulli CTBOPEHHSI MiKpOeJeKTPOHHUX CUTHAJIbHUX TIEPEeTBOPIOBAYIB
iMnenaHcy 17151 CEHCOPHOI TEXHIKM 3 METOI0 3a0€3e4YeHHs MiJBUIIEHHSI TOYHOCTI BUMipIOBaHb, PO3LIMPEHHS
YaCTOTHOTO Jiana3oHy aKTUBYOYOr0 CUTHAILY, MiZTPMMKY KOHBEPTEPIB BUCOKOI PO3AiJIbHOI 30aTHOCTI. BpaxoByroun
IAHAMIKy PO3BUTKY Cy4aCHOI iMII€JaHCHOI CIIEKTPOCKOIIIi , sIKa MUPOKO BUKOPUCTOBYETLCS B rajy3sx
MaTepiaso3HaBCTBa, Pi3uKy, 6i0i3nKK, MEIULIHYA BUHUKAE NIOTPeba Y CTBOPEHHI HOBUX iHTErpajIbHUX,
(YHKLIOHAIBHO 3aKiHUEHUX aHAJIOTOBUX (PPOHT-€H[ IPUCTPOSIX 3 MiATPHUMKOIO IHTepHeTy Peuelt. Ha ocHOBI
IIPOBEJIEHOT0 aHaJIi3y BU3HAYEHO NEePCIEeKTUBHI HAalPSIMKKU 1100YI0BU Ta IPOIIOHOBAHO HOBI MiIXOAM Ta MOZEJI AJ1s
IIOCJIiIKEHHS TIPO1IeCiB CUHAJIbHOTO MTePETBOPEHHS 3 BUKOPUCTAHHSM 6a30BUX €/1eMEHTIB TBEPAOTiIbHOI
€JIEKTPOHIKU. Y PO60Ti O6IPYHTOBAHO 3aCTOCYBaHHSI 3aCO0iB MAaTEMATUYHOIO Ta CXEMOTEXHIYHOIO MOJEIIOBAHHS 3
BUKOpPUCTAaHHAM rotoBux SPICE mopesneil eJIeKTPOHHAX KOMIIOHEHTIB, SIKi HaIal0ThCsl iX BUPOOHUKAMU Ta

PO3p0o6JIeHO BacHi opuriHabHi Mogiesli QyHKI[IOHAIBHO 3aJIe5KHUX PKepeJsl CUTHAJIIB, IiCUIII0BadiB, CUHXPOHHUX



IeTEKTOPIB Ta iHTerparopis. [JokazaHO MOXKJIMBICTL BUKOPUCTAHHS SIK FTAPDMOHIYHMX TaK i HETapMOHIYHUX JKepel
CUTHAJIiB aKTUBYIOYMX JPKEPEJI B IPOLECi BUMIPIOBaHHS Ta BCTAHOBJIEHO 3aKOHOMIPHOCTI BILJIMBY FAPMOHIK LJUX
IKepeJl Ha TOYHICTh CUTHAJIbHOTO IIEPETBOPEHHS. Ha OCHOBI OTpPUMaHUX pPe3yJIbTaTiB MOAEIBHUX NOCIIiIKEHb
MIOKa3aHO MOXJIMBICTb 3HAYHOTO MiJIBULIEHHS TOYHOCT] UIJISXOM BUKOPUCTAHHSI METOMiB CUHXPOHHOTO
IeTEKTYBaHHS Ta iHTerpyBaHHs iHPOPMATUBHOTO CUTHay. Po3po6seHo y3aranbHeHi CTPYKTypHi CXeMU 100y 10BU
[IEPETBOPIOBAYIB raJIbBAHOCTATUYHOTO Ta IOTEHIIIOMETPUYHOIO METOY BUMIPIOBAHHS iIMIIEJAHCY Ta METOIVKU
PO3PaxyHKy TOYHOCTi CUTHAJIbHOTO NIEPETBOPEHHSI. 3iliICHEHO IPaKTUYHY peasli3allilo MiKpOeJeKTPOHHUX
[IePeTBOPIOBAYiB iMIIEJAHCY HA OCHOBi 6a30BUX €JIEMEHTIB TBEPIOTLIBHOI €JIEKTPOHIKM Ta CTBOPEHO DS
CEHCOPHUX NPUCTPOIB /151 BUMIPIOBaHHS TEMIIEPATyPH, HEIHBa3MBHUX JOCJIII>)KEHb TKAaHVH, OJ151 AOCIiI>KEHHS
BJIACTMBOCTE OPraHiYHUX HaliBIPOBIJHUKOBUX MaTepiajiB Ta CTPYKTYp Ha ix ocHOBi. PyHIaMeHTaNbHOIO
Ipo6J1eMOI0, sIKa BUPIMIYEThCS B Lill POOOTI € TOOYA0Ba HAYKOBUX 3aCa]], CTBOPEHHSI BUCOKOUYTJ/INBUX,
(PYHKILIOHATIbHUX MIKPO€JIEKTPOHHUX CUTHAJIbHUX IIEPETBOPIOBAYIB iMII€JaHCY TaJlbBAHOCTATUYHOTO
inOoTeHI[iOMeTPUYHOrO0 METOY BUMIPIOBAaHb [1JIs1 CTBOPEHHS CEHCOPHUX IIPUCTPOIB Ta iHpopmalliitHo-

BI/IMipIOBa]IbHI/IX CHUCTEM.

2. The thesis is devoted to the problems of creating microelectronic impedance signal converters for sensor
technology in order to increase the accuracy of measurements, extend the frequency range of the activating
signal, support high-resolution converters. Given the dynamics of the development of modern impedance
spectroscopy, which is widely used in the fields of materials science, physics, biophysics, medicine, there is a need
for the creation of new integrated, functionally complete analog front-end devices with internet of things. On the
basis of the conducted analysis, perspective directions of construction were defined and new approaches and
models for the study of the processes of the sinus transformation using the base elements of solid state electronics
were proposed. The paper substantiates the use of mathematical and schematic modeling tools using ready-made
SPICE models of electronic components provided by their manufacturers and developed their own original models
of functionally dependent signal sources, amplifiers, synchronous detectors and integrators. The possibility of
using both harmonic and non-harmonic sources of signals of activating sources in the process of measurement is
shown, and the regularities of the influence of harmonics of these sources on the accuracy of signal
transformation are established. On the basis of the results of model studies, the possibility of significant increase
of accuracy is demonstrated by using synchronous detection methods and integration of the informative signal.
The generalized structural schemes of construction of converters of galvanostatic and potentiometric methods of
measuring impedance and methods of calculating the accuracy of signal transformation are developed. The
practical realization of microelectronic impedance converters based on the base elements of solid state
electronics was realized and a series of sensory devices for temperature measurement, non-invasive studies of
tissues, for the study of the properties of organic semiconductor materials and structures on their basis were
created. The fundamental problem that is solved in this paper is the construction of scientific foundations for the
creation of high-sensitive, functional microelectronic signal converters of the galvanostatic and potentiometric
measurement method for the creation of sensory devices and information-measuring systems.
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