AHOTALIA

benvko T.I'. IuTerpanbHi mNepeTBOPIOBAdl CUTHAIIB Uil CEHCOPHHUX
MIKPOCUCTEM-HA-KPUCTAJIl 31 CTPYKTypaMu KpeMH1i-Ha-13omsTopl. — KBamidikamiiina
HAYKOBa Ipallsl Ha MpaBaxX PYKOIHUCY.

JucepTtanis Ha 3A00yTTS HAyKOBOTO CTyIEHsS AokTopa (itocodii B ramysi
3HaHb 17 EnexrpoHika Ta TenekoMmyHikaiii 3a cnemiaibHicTIO 171 EnekTpoHika —
[Ipukapnarcekuii  HamioHanbHUM  yHiBepcuTeT iMmeHl B.Credanuka, IBaHo-
®pankiBebk, 2024.

Juceprartiiina po60oTa MpUCBsIYEHA PO3POOTIEHHIO 1 TOCTIKEHHIO €IEMEHTHOT
0a3u CEHCOPHUX MIKPOCUCTEM-Ha-KPUCTAIl 31 CTPYKTYypaMu KpeMHIH-Ha-13015Topl, a
came iHTerpaabHux mnepetBoproBauiB curHaiiB (II1C) ¢isMuHUX BETMYUH HA OCHOBI
KOMIUICMEHTapHHX  MeTajl-oKucen-HamiBnpoBimaukoBux (KMOH)-ctpyktyp Ta
CTPYKTYyp KpeMmHiii-Ha-13omsatopi (KHI) 1 mnpusnHaueHux s oTpuMaHHS ¢
0e3rmocepeTHHOr0 OMpAIFOBaHHS TEPBUHHOI iH(PoOpMAaIlii Ha KpPUCTaIl MIKPOCUCTEM
CEHCOPHOTO THUITY YH THTEJIEKTyaJIbHUX CEHCOPIB.

OOrpyHTYBaHHSl aKTyaJbHOCTI OOpaHOI TeMH IHUCEPTALIMHOTO JOCIIIKEHHSI,
MeTa JOCIHIKEeHHS, OCHOBHI 3aBJaHHS, HAYKOBa HOBHU3HA 1 MpaKTU4YHA IIHHICTH
poOOTH BUCBITIICH1 Y BCTYIII.

VY mepuiomy po3aiii B MPOIECI aHANi3y JITEPaTypHHUX JKEPENT PO3TISHYTO
MIKPOEJIEKTPOHHI TEXHOJOTil st (GOpMyBaHHS €JIEMEHTHOI 0a3M CEHCOPHHX
MIKPOCUCTEM-HA-KPUCTATI, 30KpeMa, MpPOaHATI30BAaHO MOKJIUBOCTI BUKOPUCTAHHS
apCEHINI-TAIEBUX IHTETPATBHUX CTPYKTYp. 3HAYHUN 1HTEpec I 1€l MeTH
ctanHoBiATh ctangapTHi KMOH-cTpykTypu Ha ocHOBI 00’emMHOr0o KpemHito. [Iporte
OB TIEPCTICKTUBHUMH JIJIi CTBOPEHHS 1HTETPAIbHUX TEPETBOPIOBAYIB CHUTHAJIB
(ITIC) € cTpykTypu KpeMmHiii-Ha-13omsaTopi. [lapamerpu MEPBUHHHUX YYTIMBUX
€JIEMEHTIB y MIKpOCHCTEMaX-Ha-KPUCTalli CCHCOPHOTO THUITYy BU3HAYAIOTHCS 3MIHAMU
¢GI3MYHUX BIACTUBOCTEH SK MarepiadiB, TaK 1 Bil BIUIMBY JIOCITIIKYBAaHOTO
cepeloBUIlla, HAMp., 3MIHOI IMIIEIAHCY, €MHOCTI, KOHCTAaHTaMU MPYXKHOCTI,
Opi€HTAIIHHUMH e(deKTaMU THTErpaJbHUX €JIEMEHTIB MIKpOCUCTEMH. | MOKIMBOCTI

CEHCOpIB 3 I1II€i TOYKU 30py BU3HAYAIOTHCS MOMXJIMBOCTSIMHU MEPBUHHUX CKIIAIOBHX
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CEHCOpIB - MEPBUHHUX YYTJIMBHX €JIEMEHTIB, meperBoproBauiB. [lokazaHo, mio
CTPYKTYpU KpPEMHII-HA-130JATOP1 MOPIBHAHO 3 IHIIMMH MAIOTh Psii CYTTEBUX IEpeBar
AK KOHCTPYKTUBHHMI Marepian ayia npoekryBaHHs eneMmeHTiB IIIC, Tak 1 BOJIOIIIOTH
3HaYHO KpallUuMHU XapakTepuctukamu, nopiBHsHO 3 KMOH-cTpykTypamu 3a
napamMeTpaM IIBUAKOMAIl, pajialifHOi CTIMKOCTI, TEMIEPATypHOro [lana3oHy,
CTHIOKMBAHOI TIOTYXKHOCTI, MOMJIHMBOCTEH CTBOPEHHS TPUBUMIPHUX MPUIATHUX
CTPYKTYD.

Hpyruii  po3aul  MpUCBIYEHUH JOCIIDKEHHSIM ~ BJIaCTHMBOCTEH — Ta
XapaKTepUCTUK MaTepiaiiB 31 CTPYKTYPOIO «KPEMHIM-Ha-130JITOP1» 3 TOYKHU 30pYy
BUKOPHUCTAHHS y CTBOPEHHI IHTETpPAJbHUX TEPETBOPIOBAUIB CHTHANIB ISt
MIKDOCUCTEMHUX BUKOPUCTaHb. 30Kpema, OyJo JOCHIIPKEHO XapaKTEePUCTUKU
Mar”iToopy TMOJIKPUCTAIIYHUX KPEMHIEBUX TIUIIBOK B  CTPYKTypax THUIY
«HAMIBIPOBIIHUK-HA-130JIATOP1», & TaKOXX YAaCTOTHI XapaKTEPUCTUKH BKa3aHUX
cTtpykryp. Lli pe3ynbraTé MOKa3ylOTh MOXIMBOCTI CTBOPEHHS IHTErPaIbHUX
NEPETBOPIOBAUIB peecTpallii MarHITHUX IMOJIIB 32 HATHU3BKUX TEMIIEPATYD.

PesynbpTaT ocnimkeHb I’ €30€IEKTPUYHOTO ONOPY B HEPEKPUCTATI30BAHUX 1
PEKPUCTATI30BAHUX IIapax MOJIKPEMHIIO-HA-130JIATOPl CBiIYaTh MpPO Te, MO IS
PO3pPOOKH CEHCOPIB MEXaHIYHUX BEJIWYHWH, SIKI MAIOTh JJOCTATHIO TEH30UYTIUBICTh 10
BUMIPIOBAHOT'O TapaMeTpa, He0OXiTHO BUKOPHCTOBYBATH Ja3ePHO-PEKPHUCTAITI30BaH1
AP MONIPEMHII0-HA-130714TOPi 3 KOHIIEHTpALli€l0 p-TUIy nposigHocTi 4, 8x10 cm3
nipu 300°K.

3anpornoHOBaHO METOJ 3MEHIICHHS JUHAMIYHOI MOTY>KHOCT1 0a30BOi CXeMHu
KMOH - inBepTopa NUIsIXOM BBEJICHHS Y BUXITHE KOJIO IHBEPTOpa JIBOX JIOAATKOBHX
MOCIITIOBHO-3’ €IHAHNX P- 1 N- kaHanmpbHUX MOH- TpaH3ucTOpiB, 3 OKpEeMHM
KepyBaHHSM Yy MOMEHTHM HApOCTaHHA 1 crmajaHHsS (POHTIB BXITHUX JOTIYHUX
CUTHAIIB, IO JO3BOJISIE€ 3MCHIIWTH JUHAMIUYHY MOTYXHICTH 10 78% MOpPIBHAHO i3
6a30Bor0 cxemoro iHBepTopa. Lle Oyme BurimauM 1715 moOym0BH U(PPOBUX EIEMEHTIB
ITIC, ocob6nuBO, NOTYKHUX, HAMP., JJIsl 30BHIMIHBOTO 1HTEp@EHCy BUXITHUX KaCKaiB
MIKPOCHCTEM-Ha-130JI5TOP1.

VY TperboMy po3aiii po3po0IEHO CXEMOTEXHIYHI pillIeHHS 0a30BUX €JIEMEHTIB
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ITIC 3 BukopucTaHHSAM MaTpUYHUX KOMIpoK Ha ocHOBI sk KMOH-, rak 1 KHI KMOH
- TEXHOJOTiH, HAaBEJEHO pe3yNbTaTh IX MPUIATHO-TEXHOJOTIYHOTO Ta CXEMO-
TOMOJIOTIYHOTO MOJENIOBaHHA U MapaMeTpUyHOl ONTUMI3alii. 3amponoHOBAHO
CXEMOTEXHIUH1 PIIIEHHS IHTerpajbHUX ejemeHTiB Ha ocHoBl KMOH- inBepTOpiB
JUISL peecTparlii 3MiH HaJMaJMX €MHOCTEW SK 31 CTaHJApPTHUM, TaK 1 MOJBIAHUM
KepyBaHHAM HifkaHanpHOI0 oOnacTio B KHI MOH - tpansuctopax. IIpoBeaeHo ix
KOMIT' FOTepHE CXEMOTEXHIYHE MOJICIIOBaHHS 3 YpaxyBaHHSM KOHCTPYKTHBHHX
napametpiB ~ KMOH-Tpan3ucropis, IHTETpadbHUX  YYTJIUBUX  €JIEMEHTIB
PE3UCTUBHOIO Ta €MHICHO-IHIYKTUBHOTO THIIB. Takl €JIeMEHTH MOXYTh OyTH
BUKOPUCTAH1 $IK CEHCOPHI Oe3nmocepeHb0  BOYJOBAHUMHU B MIKPOCUCTEMY-Ha-
KPUCTAJIl YM peecTpallii 30BHIIIHIX BIUTUBIB 200 SIK €IEMEHTH JJIsi CAaMOTECTYBaHHS
MIKPOCHUCTEMHU-HA-KPUCTANII CEHCOpHOro THiy (CXEeMOTeXHIYHE KOMIT IOTepHE
MOJIEJIIOBAHHS 1HTETPaIbHUX €MHICHUX CEHCOpPIB, BOYIOBaHUX O€3MOCEPETHHO B
MIKPOCHUCTEMY-Ha-KPUCTall MOKa3ajJ0 MOXKJIMBOCT1 iX BUKOPUCTAHHS JIJIsl peecTpartii i
TOCIIHKEHHS 3MI1H HaIMAJIUX BEJIMYMH €EMHOCTEH YyTIMBUX €JeMEHTIB B Mexax 0.1-
1.0 n®d, mo coiBpo3MIipHO 13 TMapasUTHUMH €MHOCTAMH 3atBopiB KMOH-
TPaH3UCTOPIB.

IIpoBeneno cxemoTtomosnoriune wmoxaemoBanHs I[IPC 1 mokazano mio Taki
nepeTBoproBaui 31 crpykrypamu KHI mopiBasro 31 cramgaptHumMu KMOH-
CTPYKTypaMH MalOTh IOKpAIlleHI TEeMIIepaTypHI Ta 4YacoBl XapaKTEPUCTHKU Ta €
npugatHuMu i npoektyBaHHA IIIC, iHTeNeKTyaldbHHX CEHCOpPIB Ta CEHCOPHHUX
MIKPOCUCTEM-Ha-KPUCTAJTI.

VY dgeTBepTOMy pO3.iai PO3POOJICHO IHTErpaIbHI MPHUCTPOI IS 30BHINIHBOTO
iHTepdeiicy MiKpocHCTeMHU-HA-KpHUCTall, MU(PPOBOi Ta MAaTeMaTHUYHOI OOpPOOKHU 1
MEPETBOPEHHS CHUTHATIB JJI1 MIKPOCHCTEMHHUX BHKOPUCTaHb. 30Kpema, MPOBEICHO
CXEMOTEXHIYHE KOMIT FOTEPHE MOJICITIOBAaHHS EIEKTPUYHHUX, YACOBUX TEMIIEPaTypPHHUX
Ta EHepreTuyHux xapakrtepuctuk pospoosennx KHI KMOH mnporpamoBanmnx
BUXITHUX OydepHHX KackaaiB [JJsi CEHCOPHUX  MIKPOCHUCTEM-Ha-KpUCTall
0e3nocepeHbO 13 IX TOMOJIOTIi, 3aMpPONOHOBAHO PEKYPCUBHI IHTErpasibHI MPUCTPOI

COpTyBaHHSI OIHAPHUX JAaHUX, PO3POOJICHO 1 MPOBEACHO MOJICIIOBAHHS 1HTETPaJIbHUX
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INPUCTPOIB MIJHECEHHd uucen A0 kBaapary Ha Onokax IUIIC, sk enemenTax
MikpocucTeM-Ha-kpuctami. [loka3aHo mepcrneKTHBH BUKOPHCTAHHA CEHCOPHUX
MIKPOCUCTEM-HA-KPUCTAII1 JIJIsl CTBOPEHHS CHEllajli30BaHUX CEHCOPHUX MPUCTPOIB.

CrnpoekToBaHO aHAJOTI4YHI Mk COOOI0 TOMOJIOTii BXIJHUX KacKaaiB
aHAMITUYHOI MIKPOCHCTEMHU-Ha-KpUCTall sk Ha ocHOBI 00’eMHux KMOH-cTpykTyp,
tak 1 Ha ocHoBl KHI KMOH-ctpyktyp. IlpoBeneHo iX cXeMOTONOJIOTIYHE
monentoBaHHs. [loka3ano, mo BuxinHi kackagu Ha KHI-cTpykTypax maroTh MeHIIY
3aTPUMKY BHUXIJIHOTO CHUTHajly BIJHOCHO BXiJHOTO (4 mc Ta 7 mc BIANOBIJHO) Ta
MEHIY CHOXHUBaHY MOTYXHICTh (6,89 MBT Ta 8,88 MBT BiiMoBiIHO) MOPIBHSIHO 3
00’emuor0 KMOH-texHonorieto.

B pe3ynbpraTi BUKOPHCTaHHS TPOCTOPOBO — YAacOBOI METOAMKHA B POOOTI
noOyIoBaHO CTPYKTypH ©0a30BOro Ta MIHIMI30BaHOTO PEKYPCHUBHHX IPUCTPOIB Ta
3po0JIeHa TOPIBHSUIBHA OIIHKA IIBUKO/II Ta amapaTHUX 3aTpaT 3a JIOMOMOT'OI0 CHHTE3Y
nanux npuctpoie Ha I[LJIIC. Otpumani pe3ynbTraTH CHHTE3y Mojeseil 0a30BOro Ta
MIHIMI30BaHOT'O PEKYPCHUBHUX MPUCTPOIB, SK1 IAI0Th 3MOT'Y 3pOOUTH BUCHOBKH, IO JIaH1
IOPUCTPOi MAIOTh MaibKe OJHAKOBY IIBHIKOIIO, a MO 3arpaTaMm OOJIaJHAHHS Kparlli
pe3yabTaTH Jar0Th MIHIMI30BaHI PEKYpCHUBHI MPUCTPOI COpTyBaHHA. Bkazani mpucTpoi
MOXYTh MaTH BHUKOPHCTaHHA y KOMIUIEKCI 3 IHTETpaJbHUMHU IE€PETBOPIOBAYAMHU
CUTHATIB JIJIsI MIKPOCHCTEMHHUX BUKOPUCTAHb Ta B IIJIOMY PO3IIUPATH €JIEMEHTHY 0azy.

Kaw4oBi ciaoBa: ceHcopHa  MIKpOCHCTEeMa-Ha-KpUCTajai, IHTErpaibHI
MEepPETBOPIOBAYi CUTHAJIB, CEHCOPHI eleMeHTH, 6a3oBa MaTpuyHa koMmipka, KMOH -
CTPYKTYPH, CTPYKTypH «KpemHii-Ha-i3omsTopi», KHI MOH - tpan3suctop, cxemo-

TEXHIYHE MOJICIIFOBAHHS.

SUMMARY
Benko T.G. Integral signal converters for sensor microsystems-on-chip.—
Qualifying Scientific Work on the Rights of Manuscript.
Dissertation submitted for the degree Doctor of Philosophy in the field of
knowledge 17 Electronics and telecommunications on the specialty 171 Electronics. —

Vasyl Stefanyk Precarpathian National University, lvano-Frankivsk, 2024.
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The dissertation is devoted to the development and research of the element base

of sensor microsystems-on-chip, namely, integral converters of signals of physical
guantities based on complementary metal-oxide-semiconductor (CMQOS) structures
and silicon-on-insulator (SOI) structures and intended for obtaining and direct
processing of primary information on the chip of sensor-type microsystems or
intelligent sensors.

The introduction highlights the relevance of the chosen topic of the dissertation
research, the purpose of the research, the main tasks, the scientific novelty and the
practical significance of the work.

In the first chapter, in the process of analyzing literary sources, microelectronic
technologies for the formation of the element base of sensor microsystems-on-chip
were considered, in particular, the possibilities of using arsenide-gallium integrated
structures were analyzed. Standard CMOS structures based on bulk silicon are of
considerable interest for this purpose. However, silicon-on-insulator structures are
more promising for creating integrated signal converters. The parameters of the
primary sensitive elements in microsystems-on-chip are determined by changes in the
physical properties of both materials and the influence of the studied environment,
e.g., changes in impedance, capacitance, elasticity constants, orientational effects of
integral elements of the microsystem. And the capabilities of sensors from this point
of view are determined by the capabilities of primary components of sensors -
primary sensitive elements, transducers. It is shown that silicon-on-insulator
structures compared to others have a number of significant advantages as a structural
material for designing elements of integral signal converters, and have significantly
better characteristics, compared to CMOS structures, in terms of speed, radiation
resistance, temperature range, power consumption, possibilities of creating three-
dimensional instrument structures.

The second chapter is dedicated to researching the properties and characteristics
of materials with a "silicon-on-insulator” structure from the point of view of use in
the creation of integrated signal converters for microsystem applications. In

particular, the magnetotor characteristics of polycrystalline silicon films in
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semiconductor-on-insulator structures, as well as the frequency characteristics of

these structures, were investigated. These results show the possibility of creating
integrated converters for recording magnetic fields at low temperatures.

The results of piezoelectric resistance studies in non-recrystallized and
recrystallized polysilicon-on-insulator layers indicate that for the development of
sensors of mechanical quantities that have sufficient strain sensitivity to the
measurement parameter, it is necessary to use laser-recrystallized polysilicon-on-
insulator layers with a concentration of p- conductivity type 4,8x10* cm™ at 300°K.

A method of reducing the dynamic power of the basic circuit of the CMOS
inverter is proposed by introducing into the output circuit of the inverter two
additional series-connected p- and n-channel MOS transistors, with separate control
at the moments of rising and falling edges of the input logic signals, which allows to
reduce the dynamic power up to 78% compared to the basic inverter scheme. This
will be beneficial for the construction of digital ICS elements, especially powerful
ones, for example, for the external interface of output stages of microsystems-on-
chip.

In the third chapter, the circuit solutions of the basic elements of integral signal
converters using matrix cells based on both CMOS and SOl CMOS technologies are
developed, the results of their instrumentation-technological and circuit-topological
modeling and parametric optimization are given. Schematic solutions of integrated
elements based on CMOS inverters are proposed for recording changes in ultra-small
capacitances with both standard and double control of the subchannel region in SOI
MOS transistors. Their computer circuit modeling was carried out taking into account
the design parameters of CMOS - transistors, integral sensitive elements of resistive
and capacitive-inductive types. Such elements can be used as sensors directly
embedded in a microsystem-on-chip or for recording external influences or as
elements for self-testing of a microsystem-on-chip. Schematic computer modeling of
integrated capacitive sensors built directly into the microsystem-on-chip showed the

possibility of their use for registration and research of changes in the ultra-small
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values of the capacitances of sensitive elements in the range of 0.1-1.0 pF, which is

commensurate with the parasitic capacitances of the gates of CMOS transistors.

Circuit topological modeling of ICLS was carried out and it was shown that such
converters with SOl structures compared to standard CMOS structures have
improved temperature and time characteristics and are suitable for designing ICS,
intelligent sensors and sensor microsystems-on-a-crystal.

In the fourth chapter, integrated devices for the external microsystem-on-chip
interface, digital and mathematical processing and signal conversion for microsystem
uses are developed. In particular, circuit engineering computer modeling of the
electrical, time-temperature, and energy characteristics of the programmable output
buffer stages developed by SOI CMOS for sensor microsystems-on-chip directly
from their topology was carried out, recursive integrated devices for sorting binary
data were proposed, and simulations of integral devices for raising numbers were
developed and carried out to the square on PLIC blocks, as elements of
microsystems-on-chip. The prospects of using sensor microsystems-on-chip to create
specialized sensor devices are shown.

Similar topologies of the input cascades of the analytical microsystem-on-chip
are designed both on the basis of bulk CMOS-structures and on the basis of SOI
CMOS-structures. Their schematic topological modeling was carried out. It is shown
that the output cascades on SOIl-structures have a lower delay of the output signal
relative to the input (4 ps and 7 ps, respectively) and lower power consumption (6.89
mW and 8.88 mW, respectively) compared to bulk CMOS technology.

As a result of the use of the spatio-temporal method, the structures of the basic
and minimized recursive devices were built and a comparative assessment of
performance and hardware costs was made using the synthesis of device data on the
PLIC. The obtained results of the synthesis of the models of the basic and minimized
recursive devices, which allow us to conclude that these devices have almost the
same speed, and in terms of equipment costs, the best results are given by minimized

recursive sorting devices. These devices can be used in combination with integrated
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signal converters for microsystem applications and will generally expand the element

base.
Key words : sensor microsystem-on-a-chip, integrated signal converters,
sensor elements, basic matrix cell, CMOS structures, "silicon-on-insulator

structures, SOl MOS-transistor, circuit-technical modeling.
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