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Pedepar:

1. HaykoBO-TIIpuKJIaiHi JOCTiIKEHHS, BUCBITJIEH] B UCEPTaLiiiHill poboTi, 30cepeKeHi Ha IPAaKTUYHOMY
IOCJIiIPKEHH] BIUIMBY TEXHOJIOTIYHUX NTapaMeTpiB cTBopeHHs macuBy KHH Ha craTtnyHi Ta 1MHaMivHi mapaMeTpu
CEHCOpIB Ha MI0r0 OCHOBI. ¥ Cy4aCHUX HAyKOBO-TEXHIUHUX JOCJIiIKEHHSIX CEHCOPIB Pi3NYHMX Ta XiMiYHUX BEJIMIMH
BCe OiIbIIOro MOMMPEHHS HA0YBaIOTh HAHOPO3MIPHI KPEMHi€Bi OIHOBUMIPHI CTPYKTypU. BOHM MalOTh yHiKaJIbHi
BJIACTUBOCTI, TaKi SIK BUCOKE aCIIEKTHE CIIiBBiJTHOLIEHHS CTOPiH Ta BeJMKa IMTOMA [IOBEPXHS, IO LO3BOJISIE 3HAYHO
MigBULINTY YyTJIUBICTb CEHCOPiB. OGHOBUMIPHI CTPYKTYpU 3 KPEMHIIO 3HAXOSTh 3aCTOCYBAHHS Y Pi3HUX rajyssx,

30KPEMa, B MEJIMLIVHI, €KOJIOTIYHOMY MOHITOPHHIY, Xap4OBill IPOMUCJIOBOCTI Ta y OOYTI. [X BUKOpHCTaHHS



IO3BOJISIE CTBOPIOBATH BUCOKOUYTJIMBI CEHCOPH [1J1S1 BUMIPIOBaHHS TEMIIEPATYPH, OCBITJIEHHS], BOJIOTOCTI, a TAKOX
BUSIBJIEHHS Pi3HUX rasis i ximiuHux pedoBuH (JIOC). KpemHieBi HAHOHUTKM, 1[0 € OCHOBOIO TAKUX CEHCOPIB, MOXXYTb
OyTy BUTOTOBJIEHI 32 JOIIOMOIOI0 Pi3HMX METO/iB, 30KpeMa XiMiYHOro ocapkeHHs 3 napoBoi ¢pasu (CVD), xiMigyHOTrO
tpasseHHs (MCXT) ta gitorpadii. ¥ pobori gocnimxkeHno pnactuBocti KHH, oTpruMaHuX 3 BUKOPUCTaHHSIM METOLY
MCXT. 3okpeMa, IpOBELEHO MOPIBHAIILHMY aHalli3 BILJIMBY Pi3HMX TEXHOJIOTIYHUX NapaMeTpiB ctBopenHsa KHH
(TpuBaicTe nepuoi Ta gpyroi craaii MCXT, a Tako>X BMICT po34uuHiB) Ta TUIly Mogudikallii Ha cTaTU4HI Ta
IVHaMi4yHi IapaMeTpU CEHCOPIB (Pi3NYHMX i XIMIYHUX BEJIMUMH. AKTYaJIbHICTb JUCEPTALiMHOIO AOCIiIKEHHS
06yMOBJIEHA IOTPE6OI0 Y BUBHAYEHHI [TapaMeTpPiB CTBOPEHHS KpeMHieBUX 1D CTPYKTYp [Ji1s1 CTBOPEHHS Pi3HUX
ceHcopiB Gi3nYHUX i XIMIYHUX BEJIMYMH, a TAKOX BIOCKOHAJIEHHS iX MIJITXOM MOBEepxHEeBOi Mmogudikarii st
IOKpallleHHs! CTabisIbHOCTI, YyTJIMBOCTI, IIBUAKOII Ta CEJIeKTUBHOCTI. Y IepuioMy po3fiii 6yB HaBeieHU!
JliTepaTypHUIA OIJILf, TEXHOJIOTI CTBOPEHHS, MaTepialiB Ta KOHCTPYKLiN CEHCOPIB HA OCHOBI HAHOPO3MIPDHUX
KpeMHieBUX 1D CTPYKTYp IJ1s1 CEHCOPIB XiMiUHMX Ta Pi3UYHMX BEJIUYUH. ByJ10 BCTAaHOBJIEHO, 11J0 CEHCOPU HA OCHOBI
KHH maloTb BUCOKY YYTJIMBICTb Ta afcOpPOLiliHi BIaCTUBOCTI 3aBJIsIKM YHIKAJIbHUM €JIeKTPOHHUM BJIACTUBOCTSIM Ta
PO3BUHYTI NOBEPXHEBIH CTPYKTYPI, 110 3a6e31e4ye TOYHE BUSBJIEHHS Pi3HUX XiMIUYHUX i 610JI0TiYHUX CIIOJYK.
Takox 1o nepesar ceHcopiB Ha ocHoBi KHH crif BinHecTr KiMHaTHI po6odi TeMnepaTypu Ta cyMmicHicTs 3 IC, a
3aBISIKY iX MiHIaTIOpHUM pO3MipaM, Lii CEHCOPY MOXKYTb OyTYU BUKOPUCTaHI B pi3HUX cdepax, BKI0YAI0un
MOHITOPUHT 3a0pyIHIOBAuiB IOBITPsl, BOOY Ta MEAUYHY AiarHOCTUKY. OJHaK OIJsif, JliTepaTypy BUSIBUB JEKijlbKa
OCHOBHUX ITPO6JIEM TaKuxX ceHcopib. [lo-nepiie, ceHcopu Ha ocHOBI KHH yacTo maioTb 06MeXXeHy CTabiIbHICTD 32
Pi3HMX YMOB €KCIUlyaTallii, 110 MOXKe BIIJINBATU HAa TOYHICTb BUMipIOBaHb. [10-Apyre, TaKUM IIpUJaaM € BJIaCTUBUM
MOPiBHSHO BEJIMKI 4aCH BiAITyKy Ta BiTHOBJIEHHS, 10 BU3HAYAIOTh HU3bKY MIBUIKOLiI0 ceHcopa. [lo-TperTe,
IOBTOBIUHICTb TAKMX CEHCOPIB NOTpebye AOJATKOBUX JOCIiIKEHb, OCKiJIbKA KPEMHIiI Ma€e B1aCTUBICTb
OKHCJIIOBATUCS 3 YaCOM. JIJ1s1 IOOJIaHHs LUX IIPOGJIEM B IaHiN POOOTI 3alIPOIIOHOBAHO KijIbKa IE€PCIEKTUBHUX
MigXOMiB 1J1s1 BUPilIEHHS BUSIBJIEHUX ITPOBJIeM: NOCIiIKEHHS Ta BIOCKOHAJIEHHS] TEXHOJIOTIYHUX [TapaMeTpPiB
cTtBopeHHs MmacuBy KHH Ta BukopucTaHHs pi3HUX BUiB ToBepXHeBoi Moaudikauisg macuBy KHH, mo moxe
HiABUIIMTY IIBUIKOLI0, CTabiIbHICTb Ta YYTIMBICTb TAKMX CEHCOPIB. Y IPYroMy pO3[iji ONIMCAaHO BUTOTOBJIEHHS
YyTJIMBUX CTPYKTYp Ha 0CcHOBi MacuBy KHH nisg ceHcopiB (pi3snyHMX Ta XiMIYHUX BEJIMYMH 3 [IJIAHAPHOIO
reoMeTpi€l0 KOHTAKTIB (Pe3UCTUBHOIO /€MHICHOTO TUITy) Ta HaBeJ€HO BIJIMB NapameTpiB ctBopeHHs KHH Ha ix
IIOBEPXHEBY MOPQOJIOTilO, a TAaKOXK CTAaTUYHI TapaMeTpH (BiATYK Ta YYTIMBICTb) Ta AUHAMIUHI IapaMeTpu (Yac
BiITYKy Ta 4ac BiJHOBJIEHHS) CEHCOPIB Ha ix 0CHOBI. [IoKa3aHo, o0 40aBaHHS OJHOBUMIPHUX KPEMHI€BUX
HAaHOCTPYKTYP [0 CKJany CeHCOpiB (i3MYHMX BEJIMYMH 3HAYHO IMOKPALIMIIO IX YyTIMBICTh Ta MBUIKOZ 0. 30Kpema
0yJ10 BCTAHOBJIEHO, 1110 30iIbIIEHHS IUTOMOTIO OIIOPY MiKJIaIK1 CEHCOPiB MPU3BOJIUTH 0 3HAYHOTO IOTipIIeHHS
BiZI'YKY [JIs1 CEHCOPIB TEMIIEPATYPH i OCBITJIEHOCTI, ajie 10 NOKpalleHHs B ceHcopax BosiorocTi ta JIOC. [JogaTkoBa
o6pobka nepep onepaniero MCXT (TekCcTypyBaHHSI) TIOKPAIIUIIO BiATYK AJ1s1 CEHCOPIB OCBITJIEHOCTI, aje s
CceHcopiB TeMIiepatypy, BoJsiorocti Ta JIOC noripimuso BiAryk. 36inbuieHHs yacy ocamkeHHs AgNPs npussesno 1o
NOTipLIEHHS BiATyKy 17151 BCiX CEHCOPiB. 3HAYHe 30iJIbII€HHS Yacy TPaBJ€HHS KPEMHIl0 IPU3BOIUTL B CEHCOPaX
TEMIIEPATypPH i OCBITJIEHOCTI [0 MOTipIIEHHs Bilil'yKy, ajie B ceHcopax Bosorocti Ta JIOC HaBnaky [0 MOKPAIlEHHS.

36inpmenss Bmicty H202 B po3uuHi 1o 0,8-1 M7 mpr3BOAUTD [0 [OKPAIIEHHS BiAryKy BCiX CEHCOpIB

2. The work is devoted to the study of an array of silicon nanowires (SiNWs) and its modifications for use in
sensors of physical and chemical quantities. The scientific and applied research presented in this thesis focuses on
the practical study of the influence of technological parameters of SINWs array creation on the static and dynamic
parameters of sensors based on it. Nanoscale silicon one-dimensional structures are becoming increasingly
common in modern scientific and technical research into physical and chemical sensors. They have unique
properties, such as high aspect ratio and large specific surface area, which can significantly increase the sensitivity
of sensors. One-dimensional structures made from silicon are used in various fields, including medicine,
environmental monitoring, food industry, and everyday life. Their use makes it possible to create highly sensitive
sensors for measuring of temperature, light, humidity, and detecting of various gases and chemicals (VOCs). Silicon
nanowires, which are the basis of such sensors, can be fabricated using various methods, including chemical vapor
deposition (CVD), chemical etching (MACE), and lithography. In this work, we investigate the properties of SINWs



obtained using the MACE method. In particular, a comparative analysis of the effect of various technological
parameters of SINWs synthesis (duration of the first and second stages of MACE, as well as the content of
solutions) and the type of modification on the static and dynamic parameters of sensors to various physical and
chemical quantities was carried out. The relevance and novelty of the dissertation research is due to the need to
determine the optimal parameters for the synthesis of silicon 1D structures to create various sensors of physical
and chemical quantities, as well as to improve stability, sensitivity, performance and selectivity by means of their
surface modification. In the first chapter, we investigated the technologies, materials, and designs of sensors based
on nanoscale silicon 1D structures for sensing chemical and physical quantities. It was found that sensors based on
SiNWs have high sensitivity and adsorption properties due to their unique electronic properties and developed
surface structure, which ensures accurate detection of various chemical and biological compounds. Other
advantages of SiNW-based sensors include room temperature operation and compatibility with ICs, and due to
their miniature size, these sensors can be used in various fields, including air and water pollutant monitoring and
medical diagnostics. However, a review of the literature revealed several major problems with such sensors. First,
SiNW-based sensors often have limited stability under different operating conditions, which can affect the
accuracy of measurements. Secondly, such devices are characterized by relatively long response and recovery
times, which determine the low speed of the sensor. Third, the durability of such sensors requires additional
research, as silicon tends to oxidize over time. To overcome these problems, this paper proposes several promising
approaches: improvement of the technological parameters of SiNWs array synthesis and the use of various types of
their surface modification, which can improve the performance, stability, and sensitivity of such sensors. In the
second chapter, it was described the fabrication of sensitive structures based on an array of SiNWs for physical
and chemical sensors with planar contact geometry (resistive /capacitive type) and showed the effect of SINWs
fabrication parameters on their surface morphology, as well as static parameters (response and sensitivity) and
dynamic parameters (response time and recovery time) of sensors based on them. It has been shown that the
addition of one-dimensional silicon nanostructures to the composition of physical quantity sensors has
significantly improved their sensitivity and performance. In particular, it was found that an increase in the
resistivity of the device substrate leads to a significant deterioration in the response for temperature and light
sensors, but to an improvement in humidity and VOC sensors. Additional treatment before the MACE operation
(texturing) improved the response for light sensors, but worsened the response for temperature, humidity, and
VOC sensors. Increasing the time of AgNPs deposition resulted in a deterioration of the response for all sensors. A
significant increase in the time of silicon etching leads to a deterioration in the response of temperat
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MiCIICSHaXO,T.[)KeHHﬂ: npocnekTt Hayku, 6ya. 41, Kuis, 03028, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiiHHSA: HaujonasnbHa akajeMis HayK YKpaiHu



InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: AkafemiyHui1

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:

1. Imutpyk Irop MukosiaioBuy

2. 1gor M. Dmitruk

KBasidikanis: n.¢.-m.u., npodecop, 01.04.05
Imentudikarop ORCHID ID: 0000-0001-9482-8746
JoparkoBa indopmamnist:

IloBHe HaﬁMeHYBaHHﬂ IOPUIUYHOL 0Cc00H: KuiBchkuil HallioHasIbHUI YHiBepcuTeT iMeHi Tapaca

[lleBuenka

Kopg 3a €IPIIOY: 02070944

MicueBHaxo,ereHHﬂ: ByJI. Bonmopumupceka, 6ya. 60, Kuis, 01033, Ykpaina
dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu
InenTudikarop ROR: He zacrocosyerscs

CeKTOop HayKH: YHIBEpPCUTETCHKUI

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Jinenko lOpiit BikTropoBu4

2. Yurii V. Didenko

KBasigikanis: . r. u., gon., 05.27.01

InenTudikarop ORCHID ID: 0000-0001-7305-8519

JoparkoBa iHdpopmanist: ;https://www.scopus.com/authid /detail.uri?authorld=54891608300

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOHM: HauionanbHuii TexHiuHMiA yHiBepcuTeT YKpainu "Kuischkuit

NOJIITeXHIYHMM iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocrekt bepecreiicekuit, 6y7. 37, Kuis, 03056, Ykpaina
dopma ByracHoCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

CeKTOop HayKH:. YHiBEPCUTETCHKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. 3aBoporTHiit Bikrop ®enoposuy

2. Victor F. Zavorotnyi



KBasmigikamis: k. ¢.-m. 1., 01.04.07

Imentudikarop ORCHID ID: 0000-0002-2240-1724

JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: HanjioHanbHuit TexHiuyHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUM iHCTUTYT iMeHi Irops CikopcbKoro"

Kog 3a €IPIIOY: 02070921

Micue3HaxoKeHHS: npocnekT bepecreiicokuii, 6yg. 37, Kuis, 03056, Ykpaina

dopma BaacHoOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

Imentudikarop ROR: He zacrocoyerbcs

CeKTop HayKH: YHIBEpCUTETCHKUI

VIII. 3ak1104Hi BiZOMOCTI

Baache IlpizBuiie Im's ITo-6aTbKOBI

TOJIOBH pajgu

BiiacHe IIpizBuie Im'sa Ilo-6aTbKOBI

TOJIOBYIOYOTO Ha 3acCiaHHi

BignoBigasibHUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeectpaTtop

KepiBuuk Bigzainy YKpIHTEI mo €
BiZNOBiZaJIbHUM 32 peeCcTpallilo HayKOBOIi

OisIJIBHOCTI

Mauyngacbkuil OsekcaHzgp Bikroposuy

Mauysnsaacekuit Onekcangp Bikroposud

JlineBundy SIpocnas OnekcinoBud

VKpIHTEI

Opuenko TersiHa AHaToJIiBHA



