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Pedepar:

1. HaykoBO-TIpUKJIa[IHi JOCJiIPKEHHS], BUCBITJIEH] B AUCePTaLiliiHill po6OTi, 30cepeKeHi Ha NPAKTUYHOMY
IOCIIiIKEHH] BIUIMBY TEXHOJIOTTYHUX NapaMeTpiB cTBopeHHs macuBy KHH Ha cratryHi Ta IMHaMIiYHi mapaMeTpu
CEHCOPIB Ha MOro OCHOBI. Y CyyaCHUX HAyKOBO-TEXHIUHUX JOCJII)KEHHSIX CEHCOPIB QPi3NYHNX Ta XiMIYHUX BEJIUIMH
BC€ 0iJIBIIOTO NOMNPEHHS HA0yBalOTh HAHOPO3MipHi KPEMHi€BI OTHOBUMIipHi CTPYKTYpH. BOHU MaloTh yHiKaJIbHi
BJIACTMBOCTI, TaKi SIK BUCOKE aCIleKTHE CIIiBBiIHOMIEHHS CTOPIH Ta BEJIMKA IMTOMA [1IOBEPXHS, 110 [03BOJISIE 3HAYHO
MiABUILWTY YyTJMBICTb CEHCOPiB. OBHOBUMIPHI CTPYKTYPH 3 KPEMHIIO 3HAXOMSTh 3aCTOCYBAaHHS Y Pi3HUX rajyyssix,
30KpeMa, B MEJJUIIMHI, EKOJIOTIYHOMY MOHITOPMHTY, Xap4OBiii IPOMMCIOBOCTI Ta y Mo6yTi. IX BUKOpUCTaHHS
IIO3BOJIsIE CTBOPIOBATH BUCOKOUYTJIMBI CEHCOPY [1J151 BUMIPIOBaHHS TEMIIEPATYPH, OCBITJIEHHS], BOJIOTOCTI, 8 TAKOX
BUSIBJIEHHSI Pi3HUMX rasiB i ximiuHux pe4oBuH (JIOC). KpemHieBi HAHOHUTKY, IO € OCHOBOIO TAKUX CEHCOPIB, MOXKYThb

OyTy BUTOTOBJIEHI 32 JOIIOMOIOI0 Pi3HMX METO/iB, 30KpemMa XiMi4YHOTro ocapkeHHs 3 napoBoi ¢paszu (CVD), xiMidHOTrO



tpasyieHHs (MCXT) ta nitorpadii. ¥ po6oTi gocnigxeno BnactuBocti KHH, 0oTprMaHUX 3 BUKOPUCTAHHSIM METOAY
MCXT. 3okpeMa, IPOBEEHO MOPIBHIBHUY aHaJli3 BIJIMBY Pi3HUX TEXHOJIOTIYHMX NapaMeTpiB ctBopenHs: KHH
(TpuBaicTe nepuoi Ta gpyroi craaii MCXT, a Tako>X BMICT po34uKMHIB) Ta TUIly Mogu@ikallii Ha CTaTUYHI Ta
IVHAMi4YHi IapaMeTpU CEHCOPIB (Pi3NYHMX i XIMIYHUX BEJIMYMH. AKTYaJIbHICTbh JUCEPTALIMHOIO AOCIiIKEHHS
006yMOBJIEHA IOTPEOOI0 Y BUSHAYEHHI [TapaMeTPiB CTBOPEHHS KpeMHieBUX 1D CTPYKTYp AJ1 CTBOPEHHS Pi3HUX
ceHcopiB Gi3NYHUX i XIMIYHUX BEIMYUH, a TAaKOXX BIOCKOHAJIEHHS iX MIJIIXOM MOBepxHEeBoi Mmoaudikaii st
IIOKpallleHHs! CTabisIbHOCTI, YyTIIMBOCTI, IIBUAKOII Ta CEJIEKTUBHOCTI. Y NepuomMy po3sfiii 6yB HaBeieHUMI
JliTepaTypHUIA OIJIAH, TEXHOJIOTI CTBOPEHHS, MaTepialiB Ta KOHCTPYKLiN CEHCOPiB HA OCHOBI HAHOPO3MIPDHUX
KpeMHieBux 1D CTpyKTyp [j151 ceHCOpiB XiMiuHUX Ta Gi3uYHUX BeNnyuH. Byso BCTaHOB/IEHO, 1[0 CEHCOPU HAa OCHOBI
KHH maloTb BUCOKY YYTJIMBICTb Ta afcOpOLiliHi BIaCTUBOCTI 3aBJIsIKM YHIKaJIbHUM €JIEKTPOHHUM BJIaCTUBOCTSIM Ta
PO3BUHYTI NOBEPXHEBIN CTPYKTYPI, 0 3a6e31e4ye TOYHE BUSBJICHHS Pi3HUX XiMIYHUX i 610JIOTiYHUX CIIOJYK.
Taxosx mo nepesar ceHcopiB Ha ocHOBi KHH cJin BigHecTr KiMHaTHI po604i TemniepaTypu Ta cyMicHicTs 3 IC, a
3aBISIKY iX MiHIaTIOpHUM pO3MipaM, Lii CEHCOpY MOXKYTb OyTU BUKOPUCTaHI B pPi3HUX cdepax, BKI0YaI0un
MOHITOPUHT 3a0pyIHIOBAuiB MOBITPsl, BOOY Ta MEAUYHY AiarHOCTUKY. OJHaK OIJIsif, JliTepaTypu BUSIBUB JEKijbKa
OCHOBHUX ITpO6JIeM TaKUxX CEHCOpiB. [lo-nepiie, ceHcopu Ha ocHoBi KHH yacTo MaioTh 06MeXeHy CTabisbHICTD 32
Pi3HMX YMOB €KCILIyaTallii, 10 MOXXe BIIJINBATH HA TOYHICTb BUMipIOBaHb. [10-Apyre, TaKUM NPUIaJiaM € BIaCTUBAM
IIOPiBHAHO BEJIMKI 4acH BiAITyKy Ta BiIIHOBJIEHHS, 10 BU3HAYAIOTh HU3bKY MIBUIKOLiI0 ceHcopa. [lo-Tpere,
IOBTOBiUHICTb TAKUX CEHCOPIB IOTpebye AONATKOBUX JOCIIIKEHb, OCKiJIbKA KPEMHI Ma€ BJIaCTUBICThb
OKHCJIIOBATHCS 3 YaCOM. JI71s TIO[I0JIaHHS L[uX IIPOGJIeM B IaHil PO6GOTI 3alIpOIIOHOBAHO KijIbKa IIEPCIIEKTUBHUX
MigXOMiB [1J1s1 BUPilIEHHS BUSIBJIEHUX ITPO6JIeM: NOCTiIKEHHSI Ta BIOCKOHAJIEHHS TEXHOJIOTIYHUX [TapaMeTpiB
cTtBopeHHs MacuBy KHH Ta BUKopucTaHHS pi3HUX BUJiB ToBepXHeBoi Moaudikauis macusy KHH, mo moxe
HiABUILWTY IIBUIKOLI0, CTabiIbHICTb Ta YYTIMBICTb TAKMX CEHCOPIB. Y IPYroMy PO3[ijli ONIMCAHO BUTOTOBJIEHHS
YyTJUBUX CTPYKTYp Ha ocHOBi MacuBy KHH nisg cencopis ¢isnyHMx Ta XIMIYHUX BEJIMYMH 3 [1JIAHAPHOIO
reoMeTpi€l0 KOHTAKTIB (Pe3UCTUBHOIO /€MHICHOTO TUITy) Ta HaBeJ€HO BIIMB napameTpiB crBopeHHs KHH Ha ix
[IOBEPXHEBY MOP(QOJIOTilO, 8 TAKOXK CTaTUYHi NapaMeTpH (BiATyK Ta YyTJIMBICTb) Ta AMHAMIYHI IapaMeTpu (4ac
BiZI'yKy Ta 4Yac BiflHOBJIEHHS) CEHCOPIB Ha iX OCHOBI. [IoKa3aHo, 1110 J0oAaBaHHS ONHOBUMIPHUX KPEMHIEBUX
HAaHOCTPYKTYP [0 CKJally CEHCOpiB (i3MYHUX BEJIMYMH 3HAYHO ITOKPALIUIIO iX YYTIAMBICTh Ta IIBUIKOL0. 30Kpema
0yJ10 BCTAHOBJIEHO, 1110 30iIbIIEHHS IUTOMOTIO OIIOPY MiKJIaIKU CEHCOPiB MPU3BOJIUTH 10 3HAYHOTO NOTipIIEHHS
BiZI'YKY [JIs1 CEHCOPIB TEMIIEPATYPH i OCBITJIEHOCTI, ajie 10 NOKpalleHHs B ceHcopax Bosiorocti ta JIOC. JJogaTkoBa
ob6pobka nepe, onepaniero MCXT (TekCTypyBaHHSI) TIOKPAIIUIIO BiATYK AJ1sI CEHCOPIB OCBITJI€HOCTI, aje s
CeHcopiB TeMIieparypy, BoJsiorocti Ta JIOC noripimmuo BiAryk. 36inbuieHHs yacy ocamxeHHs AgNPs npusseso 1o
IOTipLIEHHS BifITyKy 17151 BCiX CEHCOPiB. 3HAYHe 30iJIbII€HHS Yacy TPaBJIE€HHS KPEMHil0 IPU3BOIUTL B CEHCOPaX
TEMIIEPATYPH i OCBITJIEHOCTI 10 MOTIpIIEHHs BifIl'yKy, ajie B ceHcopax Bosorocti Ta JIOC HaBmaky [0 MOKPAIEHHS.

36inbmenHs Bmicty H202 B po3uuHi 1o 0,8-1 M7 IpU3BOAUTD J0 [IOKPALlEHHS BiATYKYy 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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dopma ByracHoCTI:

Cdepa praBJIiHHﬂZ HanjjonanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacwue IlpizBume Im's Ilo-6aTbKOBI:

1. Imutpyk Irop Mukosainosny



2. Igor M. Dmitruk

KBasidikanis: 1.¢.-m.u., npodecop, 01.04.05
Inentudicarop ORCID ID: 0000-0001-9482-8746
JoparkoBa iHdopmamist:

IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0Cc00H: KuiBchkuil HallioHasIbHUI YHiBepcuTeT iMeHi Tapaca

IlleBuenka

Kopg 3a €IPIIOY: 02070944

MicueSHaxo,q)KeHHﬂ: ByJI. Bonopumupceka, 6ya. 60, Kuis, 01033, Ykpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

Penensentu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Hinenko lOpiit BikTropoBu4

2. Yurii V. Didenko

KBasigikanis: . r. u., go., 05.27.01

Imentudikarop ORCID ID: 0000-0001-7305-8519

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

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcbkoro”

Kog, 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiichkuii, 6yx. 37, Kuis, 03056, Ykpaina
dopma Bi1acHoCTI:

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayK1 YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. 3aBoporTHiit BikTop ®Penoposuy

2. Victor F. Zavorotnyi

KBasigikamis: k. ¢.-m. 1., 01.04.07
ImentTudikarop ORCID ID: 0000-0002-2240-1724
JoparkoBa iHdpopmamist:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainu "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro”
Kog, 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicbkuil, 6yg. 37, Kuis, 03056, Ykpaina



dopma By1acHoCTI:

Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3akar04Hi BimoMocTi
BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI
TOJIOBH paju

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBi
rOJIOBYIOYOrO Ha 3aCiflaHHi
BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZJaJIbHUM 32 PEECTpalLilo HayKoBoi

OisIIBHOCTI

Mauyngaacskuit Osnekcangp Bikroposuy

Mauyngacbkuit Osnekcanzgp Bikroposuy

JlineBuy Slpocna OnekciiioBu4

VKpIHTEI

FOpuenko Tetsana AHaTosiiBHA



