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Pedepar:

1. O6’eKT mocmimKeHHs: NPUIAHI CTPYKTYPU iHTErpajbHAX IEPETBOPIOBAYIB CUTHAJIB /1J11 CTBOPEHHS
iHTeJIeKTyaJIbHUX CEHCOPiB, CEHCOPHUX MIKPOCHUCTEM Ta MiKpoJiabopaTopili-Ha-KpUCTaJli, BKJII0Yal0uX Ha OCHOBI
CTPYKTYpP «KpeMHili-Ha-i30514Topi». [I[peMeT NOCiI)KeHHs — eJIeKTPUYHi 1 YaCTOTHI XapaKTE€PUCTUKU [IPUIIATHUX
crpykryp II1C, npugaTtHUX 17151 pO3POOJIEHHS i BUTOTOBJIEHHS! €JIEMEHTHOI 6231 CEHCOPHUX MIKPOCUCTEM-Ha~
KpucTaii. MeToro pucepTaniiiHoi po60Tu € po3podKa i LOCiIKeHHSI KOHCTPYKTUBHO-TEXHOJIOTIYHOI Ta CXeMO~
TOIIOJIOTIYHOI eJleMeHTHO] 6a3u 30KpemMa, Ha 0cHOBI KMOH- cTpyKTyp Ta CTPYKTYp «KpPeMHill-Ha-i3051sTOpi» OJ1s1
CTBOPEHHS NepBUHHUX eeMeHTiB IT1C, HeoOxigHUX AJ1s1 TOO0YA0BYU CEHCOPHUX MiKPOCUCTEM Ta MiKPOJIabOpaTOpiii-
Ha-KpUCTaJli, MOJEIIOBAHHA 1 JOCIIKEHHS iX €JIEKTPUYHMX, YACTOTHUX Ta TEMIIEPATYPHUX XapaKTEPUCTUK,

NapaMmeTpUYHa ONTMMI3allis iHTerpajbHUX NPUIAOHUX CTPYKTYP. MeToau nocuiiKeHHs. JoCmiIKeHHs



[IPOBOAVJIMCH 3 BAKOPUCTAHHAM CUCTEMHOTO MiJX01y, 10 I'PYHTYETLCH Ha OCHOBI Teopii MOH - npunagHux
CTPYKTYP, iX ¢isuuHux Moesiell. Po3pobka i MoziesitoBaHHS TEXHOJIOTIYHUX IIPOLECiB i peskumiB GOpMyBaHHS
IpunagHuX CTpyKTyp 3zilicHioBanu y CAIIP TCAD. 17151 po3po0KM iHTerpajbHUX CXEMOTEXHIYHUX PillleHb i
TOIIOJIOTIN €JIEMEHTIB iHTEerpaJIbHUX [1€PETBOPIOBAYIB OY/IM BUKOPUCTAHI iHTEpaKTUBHI CUCTEMU IPOEKTyBaHHS LT
SPICE, Tanner Pro, MicroWind. TeopeTnyHi i mpakTuyHi pe3yibTaTi: 3apOIOHOBAHO TOIOJIOTIIO i 6230Bi
TexHoJIoriuHi onepauii popmyBanHss KMOH- MaTpuyHUX KOMIpOK 117151 100y0BU esieMeHTiB [[1C 3 MOXIMBOCTSIMU
KEpyBaHH$ «KiHK — epekrom» Ta inTerpauii B KHI MOH- TpaH3ucTOpi OKPEMOT0 KEPYBaHHSI MiJJKaHAJIBbHOIO
006J1aCTIO TPAH3UCTOPA, IO JTO3BOJIUTh MIOEHYBATH B OZHOMY KOMGiHOBaHOMY TpaH3ucTtopi gsa — KHI MOH Ta
napasieIbHO MiIKII0YeHU 10 HbOTOo Ginossipauii. CipoekToBaHO TomnoJiorii 6azoBoro enemenTta OI1 muis ITIC Ha
craHgaptHux Ta KHI KMOH cTpykTypax, a TakoX Ha OCHOBi 6a30B0i MaTpruyHoi KoMipku. [IpoBeneHo ix
CXEMOTOIIOJIOTiYHE MOZEJIIOBAHHS 0€3110CepeHbO i3 TONOoIoTiN. Taki eJIeMEeHTH MOXYTb 6YTH OCHOBOIO [1J15
no6yposu II1IC B mikpocucremax-Ha-kpuctaili. [lokasaHo, mo BuxifgHi curnanu ams cxemu II1C 3i ecrpykrypamu KHI
nopiBHsHO 3i cranpapTHuMyu KMOH MmaroTs kpaly, B cepeiHboMy Ha 30% KpyTU3Hy (PPOHTIB Ta 6inbiunii Ha 20%
KoeilieHT NifcruIeHHs 0 aMILIiTyAi. MoJeoBaHHIM I10Ka3aHo, o BUXigHi kackaau Ha KHI-cTpyKkTypax MarTb
MEHINYy 3aTPMMKY (4 I1C Ta 7 IIC BiIIOBiAHO) Ta MEHIY CIIOXKMBAHY MOTY>XHICTb (6,89 MBT Ta 8,88 MBT BifnoBinHO).
HoBusHa: Ha ocHOBI aHani3y JiTepaTypHUX JaHUX i IPOBeIEHNX KOMITIOTEPHUX MOE/II0OBaHb I10Ka3aHO i
nigreepkeHo, mo KHI KMOH - cTpyKTypy MOKHA BBKAaTU IE€PCIIEKTUBHOIO AJIbTEPHATUBOIO CTaHIAPTHUM
KMOH-cTpykTypam Ha 06'eMHOMY KpeMHii 17151 cTBopenHs enemenTiB ITIC. Ix moma Ha kpucTasi € B cepeiHboMy y
2-3 pasy MEHUIOIO NMOPIBHAHO 3i cTangapHuMy KMOH-CTpyKTypaMy Ha MOHOKPEMHIi, CYTTEBO y 3 pa3u BuUIla
MIBUAKOZIS, pajiiallifiHa CTIMKiCTb, MEHIIA Y 4 pa3y CIIOKMBAHA MOTYXXHICTh, mupmni 10 3000C TemnepaTypHUi
intepsai. [Ipore, ocHoBHUM ix HeposnikoMm KHI n-kananbHux MOH-TpaH3uCTOPIB € «KiHK»-e(eKT. 3allpOIIOHOBAHO
CIienjiasbHi CXeMOTOTIOJIOTIUHI PillleHHS MIJIIXOM MiAKII0YEHHS NMiIKaHaIbHOI 06J1aCTi 4O N0 3€MJISHOI IIMHU Ha
IIpUKJIaTi 6a30BOi MaTPUYHOI KOMIPKH, 10 OJHOCACHO € IPUAATHOIO IJIs1 «MAaTPUYHOI» KOMYTaLil y cxemax, Ta
yCyBae «KiHK- eekT» 151 n-kaHanbHux KHI MOH-Tpan3aucTopis. [IpoBeieHO KOMITJIEKCHE AOCiIyKEeHHs
HU3bKOTEMIIEPATYPHOI MarHiTONPOBITHOCTI 1APiB [TOJIIKPEMHII0-Ha-i30JI4TOPI B 10X 10 14T npu TeMiiepatypax
3PiJKEHOTO reJiiio B IMPOKOMY Aiana3oHi KoHueHTpauii (Big 7x1017 no 1,7x1020 cm-3), 10 OXOIJII0E MeTasl-
IlieJIEKTPUK IIEPEXOly B KDEMHI, SIKE NO3BOJIMJIO BUSHAYUTH IIPUIATHICTh TaKUX 3pa3KiB 11 crBopeHH IT1C i
CEHCOPiB MarHiTHOro noJjs. OTpMMaHo Pe3yabTaTh AOCIiIPKEHD I1'€30€JIEKTPUYHOrO OIIOPY B HEPEKPUCTAII30BaHUX
i pexpucTasnizoBaHUX Mapax MOJTIKPEMHII0O-Ha-130J14TOPi O CBif¥aTh Ipo Te, mo A po3podku ITIC mexaHiYHUX
BEJIMYMH, Ki MalOTh JOCTATHIO TEH30YYTIUBICTh 1O BUMIPIOBAaHOTO NTapaMeTpa, He0OXiJHO BUKOPHUCTOBYBATH
JIa3€pHO-PEKPUCTAII30BaHI MIapU MOJiPEMHII0-HA-i30JISITOPI 3 KOHLEHTPALli€l0 p-TUIly TPOBigHOCTI 4, 8x1018 cM-3
nipu 3000K. Po3pobsieHo cxemoTexHiuHi pimeHHs g IT1C, 1m0 703BOJSIOTh OLiHIOBAaTH HagMaJli EMHICHI Ta
PE3UCTUBHI €JIEMEHTH, i MOXKYTb BUKOPMCTOBYBATHUCS 7151 30BHIIIHIX CEHCOPHUX €JIEMEHTIB, TaK i BOy10BYBaTUCS
6esrocepeibHO B MiKpDOCUCTEMY-Ha-KpUCTali. ['any3b BUKOPUCTAaHHS: MiKPOeJIeKTPOHiKa, eJIeKTPOHiKa, CEHCOPHI

€JIEMEHTMN.

2. The object of research: device structures of integrated signal converters for the creation of intelligent sensors,
sensor microsystems and microlaboratories-on-a-chip, including on the basis of "silicon-on-insulator” structures.
The subject of research is the electrical and frequency characteristics of ICS device structures, suitable for the
development and manufacture of the element base of sensor microsystems-on-a-chip. The purpose of the
research: The purpose of the dissertation work is to develop and research a constructive-technological and
schematic-topological elemental base, in particular, based on CMOS structures and "silicon-on-insulator”
structures for the creation of primary elements of ICS, necessary for the construction of sensor microsystems and
microlaboratories-on-chip, modeling and research of their electrical, frequency and temperature characteristics,
parametric optimization of integrated instrument structures. Research methods: Research was conducted using a
system approach based on the theory of MOS - instrument structures, their physical models. Development and
modeling of technological processes and modes of formation of instrument structures were carried out in CAD
TCAD. Interactive design systems LT SPICE, Tanner Pro, MicroWind were used to develop integrated circuit
solutions and element topologies of integrated converters. Theoretical and practical results: The topology and



basic technological operations of the formation of CMOS-matrix cells for the construction of ICS elements with
the possibility of "kink-effect" control and integration into the SOI MOS-transistor of separate control of the
subchannel region of the transistor are proposed, which will allow combining in one combined transistor two - SOI
MOS and bipolar connected in parallel to it. Topologies of the basic OA element for ICS on standard and SOI CMOS
structures, as well as on the basis of the basic matrix cell, were designed. Their schematic topological modeling
was carried out directly from the topologies. Such elements can be the basis for the construction of ICS in
microsystems-on-a-chip. It is shown that the output signals for the ICS scheme with SOI structures compared to
standard CMOS have a better, on average, 30% steepness of the fronts and a 20% higher amplitude amplification
factor. The simulation shows that output stages on SOI-structures have a lower delay (4 ps and 7 ps, respectively)
and lower power consumption (6.89 mW and 8.88 mW, respectively). Novelty: Based on the analysis of literature
data and computer simulations, it has been shown and confirmed that SOI CMOS structures can be considered a
promising alternative to standard CMOS structures on bulk silicon for creating ICS elements. Their area on the
chip is on average 2-3 times smaller compared to standard CMOS structures on monosilicon, significantly 3 times
higher speed, radiation resistance, 4 times less power consumption, wider temperature range up to 3000C.
However, their main drawback of the SOI of n-channel MOS transistors is the "kink" effect. Special circuit
topological solutions are proposed by connecting the sub-channel region to the ground bus using the example of a
basic matrix cell, which is suitable for "matrix" switching in circuits, and eliminates the "kink effect" for n-channel
SOI MON transistors. A comprehensive study of the low-temperature magnetic conductivity of polysilicon-on-
insulator layers in fields up to 14T at the temperatures of liquid helium in a wide range of concentrations (from
7x1017 to 1.7x1020 cm-3) covering the metal-dielectric transition in silicon was carried out, which allowed to
determine the suitability of such samples for the creation of ICS and magnetic field sensors. The results of the
research of piezoelectric resistance in non-recrystallized and recrystallized layers of polysilicon-on-insulator were
obtained, which indicate that for the development of ICS of mechanical quantities that have sufficient strain
sensitivity to the measured parameter, it is necessary to use laser-recrystallized layers of polysilicon-on-insulator
with concentration p-type conductivity 4.8x1018 cm-3 at 3000K. Circuit engineering solutions for ICS have been
developed, which allow evaluating ultra-small capacitive and resistive elements, and can be used for external
sensor elements, as well as built directly into a microsystem-on-a-crystal. Field of use: microelectronics,

electronics, sensor elements.
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