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1. IuTerpasnbHi NepeTBoOpOBayi CUrHAJIB 11711 CECHCOPHUX MIKDOCUCTEM-Ha-KPUCTAaJIi 3i CTPYKTypamMu KpEMHIN-Ha-
i30J1sITOPI.

2. Integral signal converters for sensor microsystems-on-chip.

Pedepar:

1. O6’eKT mocCiIKeHHs: NpUJafHi CTPYKTypU iHTerpajbHUX [IepEeTBOPIOBAYiB CUTHAJIIB [1JIsSl CTBOPEHHS
iHTesIeKTyaJIbHUX CEHCOPIB, CEHCOPHUX MIKPOCHCTEM Ta MiKposiabopaTopili-Ha-KpUCTaJli, BKJII0Yaloun Ha OCHOBI
CTPYKTYP «KpEMHIl-Ha-1304TOpi». [IpeaMeT DOCIiIKEeHHS — eJIEKTPUYHI 1 YaCTOTHI XapaKTePUCTUKY IIPUIIATHUX
ctpykTyp II1C, mpuaaTHUX A1 PO3POO6JIEHHS i BATOTOBJIEHHS €JIEMEHTHOI 6231 CEHCOPHUX MiKPOCHCTEM-Ha-
KpucTaii. MeToo nucepraniiiHoi po6oTu € po3pobKa i 1OCIiI>KeHHSI KOHCTPYKTUBHO-TEXHOJIOTIUYHOI Ta CX€MO-

TOIIOJIOTIYHOI €JIEeMEHTHOI 6a3u 30KpeMa, Ha 0CHOBI KMOH- CTPYKTyp Ta CTPYKTYP «KpPEMHill-Ha-1301STOpi» OJIs



CTBOPEHHS NepBUHHUX eJ1eMeHTiB IT1C, HeoOxigHUX 17151 TOOYA0BY CEHCOPHUX MIKPOCUCTEM Ta MiKPOJIabOPaTOPiii-
Ha-KpHUCTaJli, MOLEJIIOBAHHS 1 JOCJIIPKEHHS IX €JIEKTPUYHUX, YACTOTHUX Ta TEMIIEPATYPHUX XaPAKTEPUCTHK,
[apameTpUYHa ONTMMi3allis iHTerpajbHUX NPUIASHUX CTPYKTYP. MeToau BocuiiKeHHs. JoCmiIKeHHs
IIPOBOJIMJIACH 3 BUKOPUCTAHHSIM CUCTEMHOTO MiIXOAY, IO IPYHTYETbCS HA OCHOBI Teopii MOH - npunagHux
CTPYKTYP, ix ¢piznyHux mogesneit. Po3apobka i MoienoBaHHS TEXHOJIOTIYHUX IIPOLECIB i peXXnMiB GOPMyBaHHS
IpuiIafgHuX CTpyKTyp 3zilicHioBanu y CAIIP TCAD. 1151 po3po06ku iHTerpajbHUX CXEMOTEXHIYHUX PillleHb i
TOIIOJIOTIN €JIEMEHTIB iHTerpaIbHUX [1€PETBOPIOBAYIB OY/IM BUKOPUCTAHI iHTepaKTUBHI CUCTEMU IPOEKTYBaHHS LT
SPICE, Tanner Pro, MicroWind. TeopeTuuHi i mpakTU4Hi pe3yabTaTu: 3alIPOIIOHOBAHO TOMOJIOTIO i 6a30Bi
TexHoJIoriuHi onepauii popmyBanHsa KMOH- MaTpuyHUX KOMIpOK 117151 100y0BU eseMeHTiB [[1C 3 MOXIMBOCTSIMU
KepyBaHHS «KiHK — edpekrom» Ta iHTerpauii B KHI MOH- TpaH3ucTOpi OKpEMOro KEPYBaHHSI MiJJKaHaIbHOIO
0071aCTIO TPAH3UCTOPA, 1O O3BOJIUTh IOE€IHYBATU B OIHOMY KOMOGiHOBaHOMY TpaH3ucTtopi gsa — KHI MOH Ta
napasiesibHO MiIKJII0YEeHUH 10 Hboro 6inosisspHuil. CnpoekToBaHo Tomnosorii 6azosoro enemenTa OIT ams ITIC Ha
crangaptHux Ta KHI KMOH cTpyKkTypax, a Takox Ha OCHOBi 6a30B0i MaTpruyHoi KoMmipku. [IpoBeneHo ix
CXEMOTOIIOJIOTiYHE MOJEJIIOBAHHS 0€3110CepeAHbO i3 TONOoIOoTiN. Taki eJIeMEHTH MOXYTh 6YTH OCHOBOIO [1J151
nobynosu II1IC B mikpocucteMax-Ha-KpucTaili. [lokazaHo, mo BuxigHi curHanm ais cxemu ITIC 3i ctpykrypamu KHI
nopiBHsHO 3i ctanpapTHuMu KMOH MmaroTs kpaury, B cepeiHboMy Ha 30% KpyTusHy PpOHTIB Ta 6inbiunii Ha 20%
KoedilieHT mifcrieHHs o aMILIiTyAi. MoJesoBaHHIM I10Ka3aHo, 10 BuXigHi kackaau Ha KHI-cTpykTypax MaloTb
MEHIIly 3aTPMMKY (4 I1C Ta 7 IIC Bi[IIOBiAHO) Ta MEHIY CIIOXXMBAHY NOTY>XHICTb (6,89 MBT Ta 8,88 MBT BifnoBinHO).
Hosusna: Ha ocHOBI aHasi3y JjliTepaTypHUX JaHUX i TPOBEIEHUX KOMITIOTEPHUX MOJIEJII0BaHb [TOKA3aHO i
nigrTeeprkeHo, mo KHI KMOH - cTpyKTypy MOKHA BBKAaTU NE€PCIEKTUBHOIO AIbTEPHATUBOIO CTaHIAPTHUM
KMOH-cTpyKTypam Ha 06'eMHOMY KpeMHii /17151 cTBopeHHs esiemenTis ITIC. Ix myoma Ha KkpucTani € B cepeiHboMy y
2-3 pasy MEHUIOIO NMOPIBHAHO 3i ctangapHumMyu KMOH-CTpyKTypaMy Ha MOHOKPEMHII, CYTTEBO y 3 pa3u BuIla
MIBUAKOZIS, pafiiallifiHa CTiMKiCTb, MEHIIA Y 4 pa3y CIIOKMBAaHA MOTYXXHICTh, mupmui 10 3000C TemnepaTypHUii
intepBaz. [Ipore, ocHOBHUM ix HeposikoM KHI n-kananbHuX MOH-TpaH3UCTOPIB € «KiHK»-e@eKT. 3arpornoHOBaHO
CcIieniasibHi CXeMOTOTIOJIOTIUHI pillleHHS MIJIIXOM MiAKII0YEHHS MiIKaHaMbHOI 06J1aCTi 4O N0 3€MJISHOI IIMHU Ha
IIpUKJIazi 6a30B0Oi MaTPUIHOI KOMIPKH, 110 OJHOCACHO € IPUAATHOIO IJIs1 «MAaTPUYHOI» KOMYTALil y cxemax, Ta
ycyBae «KiHK- eekT» 1751 n-kaHanbHux KHI MOH-TpaHn3ucTopis. [IpoBesieHO KOMITJIEKCHE AOCIiIKeHHs
HU3bKOTEMIIEPATYPHOI MarHiTONPOBITHOCTI WAPIB [TOJIIKPEMHII0O-HaA-i30JI4TOPI B 10X 10 14Tx nnpu TeMiiepaTtypax
3PiI>KeHOTO relilo B IIMPOKOMY Aiana3oHi KoHLeHTpauii (Big 7x1017 mo 1,7x1020 cm-3), 1110 OXOIJIIOE MeTajl-
IlieJIEKTPUK IIEPEXOly B KDEMHI, SIKE NO3BOJINIIO BUSHAYUTH NIPUIATHICTb TaKUX 3pa3KiB 1151 cTBopeHH4 IT1C i
CEHCOPIiB MarHiTHOro noJs. OTpUMaHo pPe3ybTaTh AOCIiI)KEHb I1'€30€JIEKTPUYHOrO OIIOPY B HEPEKPUCTAI30BaHUX
i pexpucTanizoBaHuX MWapax MoJIiKpeMHil0-Ha-i30JTOPi MO CBigYaTh Npo Te, WO 47151 po3pobku II1C MexaHiuHUX
BEJINYMH, SKi MalOTh JOCTATHIO TEH30YYTJIUBICTh 10 BUMIPIOBAHOTO NTapaMeTpa, He0OXiTHO BUKOPHUCTOBYBATU
JIa3€pHO-PEKPUCTAII30BaHI APy NOJIiPEMHII0-HA-i30JISITOPI 3 KOHLEHTPAlli€l0 p-TUIy TPOBigHOCTI 4, 8x1018 cM-3
nipu 3000K. Po3pobsieHo cxeMoTexHivHi pimeHHs 1715 IT1C, mo 103BOJISAIOTh OLiHIOBATY HaAMaJsli eMHiCHI Ta
PE3UCTUBHI €JIEMEHTH, i MOXXYTb BUKOPUCTOBYBATHUCS IJ151 30BHIIIHIX CEHCOPHUX €JIEMEHTIB, TaK i BOyIOBYBAaTHCS
6es3rocepenbHO B MiIKDOCUCTEMY-Ha-KpUCTali. ['any3b BUKOPUCTAHHS: MiKPOEJIeKTPOHiKa, eJIeKTPOHiKa, CEHCOPHI

€JIEMEHTU.

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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