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2. Functionally integrated sensors of thermal analysis based on solid state electronics structures

Pedepar:

1. Incepraiis cripssMOBaHa Ha PO3PO06JIEHHS HAYKOBUX i IPAKTUYHUX 3acaji IOOYL0BY Ta JOCIiIKEHHS
(dYHKIiOHAJIbHO-IHTEIPOBAaHUX CEHCOPIiB TEPMIYHOTO aHaJIi3y Ha OCHOBI KOMIIOHEHTIB TBEPAOTINIbHO]
MIKpO€JIEKTPOHIKHY Ta 6araTo(yHKIiOHaJIbHUX CUTHAJIBHUX [I€PETBOPIOBAYiB. BpaxoByoun JUHAaMIKy PO3BUTKY
CEHCOPIB TEPMIYHOTO aHali3y, sIKi MXPOKO BUKOPUCTOBYIOTbCS B rajly3sx MaTepiaslo3HaBCTBA, (Pisuky, 6iodisukuy,
MEJULVHY, BUHUKAE NI0TPe6a y CTBOPEHHI HOBUX (PYHKI[IOHAZIbHO-iHTETPOBAHNX, 3aKiHYEHMX aHAJIOTOBUX (PPOHT-
€HJl IPUCTPOIB 3 NiATPUMKOIO IHTEpHETY pedell. Po3pobsieHo HOBI Nifxoayu A0 N06YL0BU MiKPOEJIEKTPOHHUX
CEHCOpIB TEPMIYHOrO aHaji3y Ha OCHOBI CTPYKTYP TBEPAOTIJIbHOI €JIEKTPOHIKY (30KpeMa TPaH3UCTOPHHUX),
HOBUB3HOIO SIKOi € PYHKIiOHAJIbHE iHTErpyBaHHS — BUKOPUCTAaHHS €IMHOI MiKPOEJIEKTPOHHOI CTPYKTypH
[IepeTBOPIOBaYa J1J1s KEPOBAHOI'0 HATPiBY JOCIIXKYBAaHOTO 3pa3Ka Y/ CEPENOBUIIA 3TiJHO 3aJaHOTO aJITOPUTMY
MOIYJIALII TENIJIOBOTO IIOTOKY, BUMIPIOBaHHS TEMIIEPATYPU YU Pi3HUL TEMIIEPATyP MK LOCIiIKyBaHUM Ta
OIIOPHMM 3pa3KaMu, a TAKOK BUMIPIOBAHHS 3MiHM MarHiTHMX, MEXaHIYHMX, ONITUYHUX YU IMIIEJaHCHUX

XapaKTEePUCTHUK IOCIiIKYBaHOTrO 3pa3Ka B IIPOLECi MOIYJIALil MOro TeMIepaTrypu. 3apolOHOBAaHO NOJAIbIINN



PO3BUTOK METO[IIB €JIEKTPOTEIIOBOI aHAJIOTIi 1151 CMHTe3y cxeM 3aMileHHs SPICE mopeneil ceHCOpiB TEpMIYHOTO
aHanisy, iHpOpMaTUBHUMHU BEJIMYMHAMU SIKUX € TeMIlepaTypa (pa3oBuX NepexoliB (MJ1aBJIeHHs, CKIIyBaHHS,
KpHUCTai3alii Tol1o) AOCIiIyKyBaHOI pEYOBUHU Ta KiJIbKIiCTb TEIJIOBOI €Heprii, sSIKa [IOTJIMHAETHCS UM BULI/ISETHCS B
IpolLeci Takoro nepexony. Metoq peasnizoBaHo Ha HOBOMY yHiBepcanbHOMy SPICE komnonenTi — Thermicap, sikuii
Mogeoe (Ha3oBuil nepexif oCliI)KyBaHOI CEHCOPOM PEYOBMHU 3 MOXJIMBICTIO aKyMyJIsLlii TEI0BOi eHeprii.
BcraHoBsieHO KpuTepii O1iHKM TOYHOCTI QYHKIIOHYBAaHHS CEHCOPIB Pi3HULIEBOi TeMIlepaTypy Ha TPaH3UCTOPHUX
KacKajiax Ha OCHOBI MiHiMi3alii moxn6Ku JiHiHOI anpokcumaliii Ta po3po6yeHO METOIM ONTUMI3alil pexXxumy
POOOTH TaKUX CEHCOPIB. Briepiie CMHTE30BaHO CTPYKTYPY QYHKIIOHAJTIBHO-IHTETPOBAHOT'O CEHCOPA TEMIIEPATyPHU
Ha OCHOBIi OPraHiYHUX CBITJIOBUIIPOMIHIOBAJIbHUX Ta (POTOUYTINBUX MaTepialiB, 0 OENHYE I>Kepeso
BUIIPOMIHIOBaHHSI, ONITUYHO-aKTUBHE CEPENIOBHUIIE TA AETEKTOP BUIIPOMIHIOBAHHS | XapaKTEPU3Y€ETHCS BUCOKOIO
TemnepaTtypHow 4yTausicTio (30 HM/°C). Po3po6i1eHO HOBi (PyHKLIOHAIbHO-IHTEIPOBaHi CEHCOPU TEPMIYHOTO
aHasi3y, o NOEIHYIOTh TOCIII)KEHHS TEPMIYHUX 1 MAarHITHUX YY1 MEXAHIYHUX BJIACTUBOCTEN JOCIIIKYBaHUX
00’exTiB. [IprCTpOi XapaKTepU3YIOThCSI BUCOKMMU 3HAUEHHSIMU PO3JiIbHOI 3IaTHOCTI BUMipIOBaHHS TeMIIepaTypu
(menwe 0,0010C) Ta BiANOBINAOTE KPUTEPISIM Ta BUMOraM MiKpO€JIEKTPOHHUX IIPUCTPOIB IHTepHETY peveit:
OJIHOTIOJISIPHE HU3bKOBOJITHE JKUBJICHHS, MiHiMaIbHE €HePrOCIOKUBAHHS, (PYHKIIOHYBAaHHS B IIMPOKOMY
Iiana3oHi BXiIHUX Ta BUXiTHUX HAMpyr (rail-to-rail peskumu po6oTH), yHiBEpCaNbHICTb Ta CTAOIMBHICTD

(YHKIiOHYBaHHS [IpY 3MiHi 30BHIIIHiX BIJIUBIB.

2. The thesis is aimed at the development of scientific and practical principles of construction and research of
functionally integrated sensors of thermal analysis on the basis of solid - state microelectronic components and
multifunctional signal converters. Considering the dynamics of thermal analysis sensors’ development that are
widely used in the fields of materials science, physics, biophysics, medicine, there is a need to create new
functionally integrated, complete analogue front-end devices with Internet of Things support. New approaches to
the construction of microelectronic sensors of thermal analysis based on structures of solid-state electronics (in
particular transistor ones) have been developed. The novelty is the functional integration - the usage of a single
microelectronic structure of a converter for the controlled heating of the sample or medium, according to the
given algorithm of modulation of a heat flow, the measurement of temperature or temperature difference between
the sample and the reference, as well as measurement of changes in magnetic, mechanical, optical and impedance
characteristics of the sample during its temperature modulation. The further development of the method of
thermal analogy is proposed for the synthesis of substitution schemes of SPICE models of thermal analysis sensors,
whose informative quantities are the temperature of phase transitions (melting, glass transition, crystallization,
etc.) of the investigated substance and the amount of thermal energy that is absorbed or released during such
transition. The method is implemented on a new universal SPICE component - Thermicap, which simulates the
phase transition of the investigated substance with the possibility of thermal energy accumulation. The criteria of
accuracy estimation of differential temperature sensors’ functioning on transistor cascades are established on the
basis of minimization of a linear approximation error, and methods of optimization of an operation mode of such
sensors are developed. For the first time, the structure of a functionally integrated temperature sensor, based on
organic light-emitting and photosensitive materials, is synthesized. It combines a radiation source, an optically
active medium and a radiation detector, and is characterized by high temperature sensitivity (30 nm/°C). New
functionally integrated thermal analysis sensors that combine the research of thermal and magnetic or mechanical
properties of the investigated objects have been developed. The devices are characterized by high values of the
resolution of temperature difference measurement (less than 0,0010C), and meet the criteria and requirements of
microelectronic devices of the Internet of Things: unipolar low-voltage power supply, minimum energy
consumption, functioning in a wide range of input and output voltages (rail-to-rail modes), versatility and stability
of operation while changing the external influences.
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