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Pedepar:

1. Inceprauis npucBg4YeHa JOCTiIPKEHHIO TEXHOJIOTII MPOTOHHO-ITPOMEHEBOI JliTorpadii, 1Kka 3aCTOCOBYETbCS Y
BUPOOHHULITBI MaJIOPO3MIpPHUX CTPYKTYP 3 MiKpO- Ta HAHOMETPOBOIO PO3iJIbHOIO 3aTHicTIo. [lucepTaliiiHa poboTa
CKJIaJIaeThCs 31 BCTYIy, TPbOX PO3iJiB, BUCHOBKIB, II€PEJIiKy BUKOPHUCTAHUX JKEPeJI Ta JBOX JofaTKiB. Obcsr
nuceprauii cknagae 172 cTopinky, 3 AKux 139 CTOPiHOK OCHOBHOTO TEKCTY. Jluceprallis MiCTUTL 62 PUCYHKMU i 4
tabsinui. [lepesik BUKOpUCTaHUX JKepesl ckaanaeTses 3i 100 HalimeHyBaHb. 3a pesysibTaTaMy JOCIIiIKeHb
oIy6J1ikoBaHO 18 HayKoBUX Ny6JIiKalill, cepes SIKUX 5 cTaTell y HayKoBUX (paxOBUX BUJIAHHSX YKpainy, 1 ctaTTs y

iHO3eMHOMY HayKOBOMY (paxOBOMY BUJIaHHI Ta 12 Te3 BUCTYIIB HA HAYKOBUX KOH(QEpPeHLigIx. MeTa poboTu noJisdrana



y TEOPETUYHOMY IOCJIiIPKEHH]I MOXJIMBOCTI 301/IbIIEHHS PO3MiJIbHOI 30aTHOCTI LOCTYIHOI TEXHOJIOTii IPOTOHHO-
npomeHeBoi Jlitorpadii 1o AecaTKiB-oguHULb HAHOMETPIB Ta eKCIIepMMEHTaJIbHOMY HallpallloBaHHI YKpaiHChKOi
TEeXHOJIOTiYHOi 623U MOB’13aHOI 3 TPOTOHHO-IIPOMEHEBOIo JiiTorpadieto. B po6oTi Briepiie mpoBeieHO KOMITIOTEPHE
MOJIEJIIOBAaHHS TUHAMIKM iOHHOTO Iy4YKa B 30HO0GOPMYIOYMX CUCTEMAX Ha OCHOBi OPTOMOP(HOTr0 KBaAPYIJIETY
MAarHiTHUX KBaJpPYNOJIbHYX JIiH3 3 OGHUM, JBOMa Ta TPbOMA OKTYIIOJIbHNMU JIiH3aMU-KOPEKTOPAMMU.
[IpoieMOHCTPOBAHO TEOPETUYHY MOKJIMBICTb JOCATHEHHS PO31isbHOI 37aTHOCTI B 10...100
HaHoMeTpiB.Ilo6ynoBaHO opmaii3M, SKUI ONKUCYe aITOPUTM BU3HAYEHHS XXKUBJIEHHS OKTYIIOJIB 7151 IOBHOI Ta
4aCTKOBOI Kopeklii cepryHmx abepalliil TPeTbOro NOPSIKY 3 BAKOPUCTAHHSM METO/ly MAaTPULIAHTIB.
YIOCKOHaIEHO ONPOMiHEHHS 3Pa3KiB 3aBASKU BIPOBAI)KEHHIO BEKTOPHOTO METOLY IPOTOHHO-TIPOMEHEBOI
sitorpadii Masopo3MipHUX CTPYKTYP. BeKTOpHUIT MeTOA BUIIPOOYBaHUI €KCIIEPUMEHTAJIBHO Ye€Pe3 CTBOPEHHS
MaJIOPO3MIpPHUX CTPYKTYpP Ha KaHaJi SIepHOr0 CKaHYI0OUOro MiKPO30OH 1y aHaJIITUYHOTO IIPUCKOPIOBATIbHOTO
kommiekcy “Cokin” ITI® HAH Ykpainu. Yo0ocKoHasneHo KepyBaHHS ITy4KOM IIPOTOHIB MeraeleKTpOHBOJIbTHOI €Heprii
3aBJSIKY BIIPOBAP)KEHHIO Ta BUIIPOOYBAaHHIO B €KCIIEPUMEHTAJIbHIN POOOTI CUCTEMU HIBUAKOIO CKUAAHHS IIy4Ka Ha
KaHaJli S1I€pHOT0 CKaHYI0YOro MiKpO30Hly TPMCKOPIOBAJIBHOTO KoMIltekey “Cokin” IHCTUTYTy NpUKIafgHoi (isuku
HanioHanbHoI akagemii Hayk YKpainu. Biepine npoBeieHO eKCIIEPUMEHTH 3 IPOTOHHO-TIPOMEHEBOI Jlitorpadii o
IJIiBKaM XiTO3aHy, 30KpeMa IIiBKaM XiTO3aHY Ha MOJIIKOPOBiN MiK/IaAli Ta TOBCTUM HE IIPUKPIIVIEHUM [I0 TBEPLOi
MigKJIaIKY [J1iBKaM XiTO3aHy, IOKPUTHMM TOHKMMU IIiIBKAMU TUTaHY, HITPULY TUTAHY Ta OKCUIY UMHKY. OTpUMaHO
MIKPOCTPYKTYPH 3 33IaHUX 3 KOMITIOTEPA BEKTOPHUX MIA6JIOHIB, a TAKOX JIiHilHI NepioAuyYHi CTPYKTYPH B ILIiBLi
XiTO3aHy Ha NOJIKOPOBiii mifkIanLi yepes GoKyCyBaHHSI IPOTOHHOTO ITy4Ka B JIiHil0. Pe3ybTaT KOMIT'IOTEPHOTO
MOJIeJIIOBaHHS JUHAMIKY iOHHUX IY4KiB B 30HI0POPMYIOYMX CUCTEMAaX Ha OCHOBI OPTOMOPQHOTr0 KBaAPYILJIETY
MarHiTHUX KBaJPyNOJIbHYX JIiH3 BKa3ye HA MOKJIMBICTb CTBOPEHHS YCTAaHOBOK /1J1 IPOTOHHOI JliTorpadii 3
PO3iJIbHOIO 3[AATHICTIO AECITKU-ONUHULi HAHOMETPIB, 5IKi MOKHA 3aCTOCOBYBATH B BUPOOHUIITBI HAHOEJIEKTPOHIKU
Ha piBHI HaMKpalUX CY4aCHUX TEXHOJIOTIYHYUX MPOLECIB, IPY LIbOMY TaKa TEXHOJIOTiS LOCTYIIHA JJ1s peasisallii B
YkpaiHi B HAalOIMKIOMY MaliOyTHbOMY 3 IIOTPEOOI0 B 3HAYHO MEHIIMX iHBECTHULISIX HDXK OyJ10 6 IOTPiOHO s
peautizauii sitorpagii Ha sxopcTkomy yabTpadioseTi (EUV). TexHosoriss IPOTOHHO-IIPOMEHEBOI JliTorpadii odpe
MiAXOOWTD AJ1s1 BUTOTOBJIEHHS OJJMHUYHUX Ta IPiOHOCEPifHNX 3Pa3KiB, a 3aCTOCYBAaHHS BiTHOCHO IIPOCTO] B
peasizallii TexHosI0Tii HaHOITaMITyBaHHS 1acTh 3MOTY MacIITabyBaTU BUPOOHUIITBO IIPMHAMMHI B COTHI PasiB, 1110
JIACTh 3MOT'y HaJlaroJyTH MacOBe BUPOOHULITBO NIEPEOBOi HAHOEJIEKTPOHIKU. EKCliepUMeHTabHI JOCiIKEHHS
CTBOPEHHS MQJIOPO3MiPHUX CTPYKTYP 3 BIIPOBA/I)KEHHSIM BEKTOPHOTO METOly TPOTOHHOI-IIPOMEHEBOI JliTorpadii Ta
BIOCKOHAJIEHHSI €KCIIEpUMEHTAIbHOrO 00JIaHAaHHS KaHAaJy SIePHOTO CKaHyI40ro Mikpo3oHay [HCTUTYTY
npuknagHoi ¢pisuku HanjioHanbHoi akagemii Hayk YKpaiHU J@eMOHCTPYIOTh HasIBHICTb BiTUM3HSIHOI HAYKOBOI Ta
imKeHepHOi 6a3u B rajysi BUPOOHUITBA MAJIOPO3MIPHUX CTPYKTYP Ta BiIKPUBAIOTh MOXJIMBOCTI IJ1s1 TOJAJIbIINX
IOCJIiIPKEeHb IPAKTUYHUX 3aCTOCYBaHb IIPOTOHHO-TIPOMEHEBOI JliTorpadii. BekropHnii meton sitorpadii,
BIIPOBA>)KEHUH B X0Ji poOOTH HaJ, JaHOIO IIpalielo, A€ 3MOTY CTBOPIOBATU CTPYKTYPHU 3 IJIaBHUMMU JIiHISIMU 6e3
“nikcesnbHUX” apTe(aKTiB Ta 3HAYHO CIIPOILye MacIITabyBaHHS i BUTOTOBJIEHHS CTPYKTYP IIEBHOTO PO3MIpYy.
[IpoBeneHi ekcnepuMeHTH 3 Jlitorpadii o XiTo3aHy JEMOHCTPYIOTb MOKJIMBICTb IPOTOHHO-TIPOMEHEBO] JiiTorpadii
10 HOBUM MarepiajiaMm, 10 MOXXe 6YTH KOPUCHUM B TEXHOJIOTTYHUX IIPOLIECaX BUTOTOBJIEHHS MajlOPO3MipHUX
CTPYKTYP, 30KpeMa A1J1s1 6ioMeiuLIMHU. TexHoJIoris IPOTOHHO-IIPOMEHEBOI JliTorpadii gae 3Mory BUTOTOBJISITH
MaJIOpO3MIipHi CTPYKTYpPH Pi3HOrO ClieljabHOro nprusHadeHHs. Cepep, iHIIMX 3aCTOCYBaHb, 30KpPEMa, BUAIISAIOTLCS
(OTOHHI XBUJIEBOIY, PIIMHHI CTPYKTYPHU (B TOMY YMCJIi piiMHHO-(OTOHHI Ta PifMHHO-MeXaHi4Hi), AupaKLiiiHi
r'patku 1J1s peasisauii Tomorpadii M'SIKUX TKAHUH METOJOM PEHTTeHIBCbKOI0 (Da30BOT0 KOHTPACTY, HAHOLITAMIIN
17151 nitorpadii HAHOCTPYKTYP, B TOMY YMCJIi 1711 BUPOOHUIITBA HAHOEJIEKTPOHIKY. L1i Ta iHIi NOTeHLiITHO MOXJIUBI

3dCTOCYBaHHMA HpOTOHHO—HpOMeHeBOi JIiTOI‘pa(bﬁ HOTpe6y'IOTb [NoAaJIbIINX €EKCIIEPUMEHTATIbHUX ,I[OCJIi,IL)KeHb.

2. The thesis is dedicated to research of proton beam writing technology that is used for fabrication of small-sized
structures with micro- and nanometer resolution. The thesis consists of an introduction, three chapters,
conclusions, a list of used sources and two appendixes. The volume of the thesis is 172 pages of which 139 pages of
the main part. The thesis contains 62 figures and 4 tables. The list of used sources consists of 100 items. The
results of the research are published in 18 scientific publications of which are 5 articles in specialized scientific



journals of Ukraine, 1 article in a foreign specialized scientific journal and 12 abstracts from scientific conferences.
The aim of the thesis was in theoretical investigation of the possibility to increase resolution of proton beam
writing technology to tens or ones of nanometers and experimental work on Ukrainian technology base related to
proton beam writing. In the thesis, for the first time, computer simulation of the dynamics of the ion beam in
probe-forming systems based on an orthomorphic quadruplet of magnetic quadrupole lenses with one, two, and
three octupole lenses-correctors was carried out. The theoretical possibility of achieving a resolution of 10...100
nanometers has been demonstrated. A formalism has been developed that describes the algorithm for determining
the power supply of octupoles for the full and partial correction of spherical aberrations of the third order using
the matrizant method. Irradiation of samples has been improved thanks to the introduction of the vector method
of proton-beam lithography of small-sized structures. The vector method was tested experimentally through the
creation of small-sized structures on the channel of the nuclear scanning microprobe of the Sokil analytical
accelerator facility of the Institute of Applied Physics of the National Academy of Sciences of Ukraine. The control
of the megaelectronvolt energy proton beam has been improved thanks to the implementation and testing in
experimental work of the fast beam blanker system on the channel of the nuclear scanning microprobe of the Sokil
accelerator complex of the IAP NASU. For the first time, experiments on proton beam writing on chitosan films, in
particular chitosan films on a polycor substrate and thick chitosan films not attached to a solid substrate, covered
with thin films of titanium, titanium nitride and zinc oxide, were carried out. Microstructures were obtained from
computer-generated vector templates, as well as linear periodic structures in a chitosan film on a polycortical
substrate due to focusing a proton beam into a line. The results of computer modeling of the dynamics of ion
beams in probe-forming systems based on an orthomorphic quadruple of magnetic quadrupole lenses indicate the
possibility of creating units for proton beam writing with a resolution of tens to ones of nanometers, which can be
used in the production of nanoelectronics at the level of the best modern technological processes, while this
technology is available for implementation in Ukraine in the near future with the need for much smaller
investments than would be required for the implementation of hard ultraviolet (EUV) lithography. The technology
of proton beam writing is well suited for the production of single and small-series samples, and the use of
relatively simple to implement nanostamping technology will make it possible to scale production at least
hundreds of times, which will make it possible to establish mass production of advanced nanoelectronics.
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3B's130K 3 HAYKOBUMH TeMaMH: 0120U101035

VI. BizomocCTi Npo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacwue IlpizBumie Im's I1o-6aTbKOBI:
1. [lonomaproB Onekcangp 'eopririoBuy

2. Olexandr G. Ponomarev

KBasigikanis: n. ¢.-m. u., npodecop, 01.04.20

ImenTudikarop ORCHID ID: 0000-0002-4517-5635

JoparkoBa indopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: THcTUTYT NIpUKIaAHOi Bisuku HanionanbHoi akaziemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05399225

Micue3HaxoaKeHHS: ByJ. [leTpomnasiiBcbka, 6y1. 58, Cymu, Cymcbkuil p-H., 40000, Ykpaina
dopma BiracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂZ HanjjonanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: AkaneMivHuil

VII. BizomocTi npo odinifiHHX ONOHEHTIB Ta PELeH3€HTiB
OdiniiiHi oIOHEHTH
Baacue IlpizBumie Im's Ilo-6aThKOBI:

1. JIucenko OnekcaHgp BonogumMuposud



2. Oleksandr V. Lysenko

KBasigikamis: g. ¢.-m. 1., npodecop, 01.04.01

ImenTudikarop ORCHID ID: 0000-0001-6925-4007

JoparkoBa iHdopmamist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOHM: CyMChbKUIi J€PKaBHUI YHIBEPCUTET
Kopg 3a €IPIIOY: 05408289

MicueSHaxo,vieHHﬂ: ByJI. XapKiBCbKa, Oyx. 116, Cymu, Cymcepkuii p-H., 40007, Ykpaina
dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Kapnycs Crenan I'eHHazinnoBuy

2. Stepan G. Karpus

KBasigikamis: k. ¢.-m. 1., 01.04.20
InenTudirkarop ORCHID ID: 0000-0002-1087-9245
JoparkoBa indpopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU HayKOBUIA 1IeHTP "XapKiBchbkuii (izuko-

TexXHIYHUH iHcTUTYT" HanionanpHOI akagemii Hayk YKpainu

Kopg 3a €IPIIOY: 14312223

Micue3HaxoaKeHHS: ByJI. AKazieMiuHa, 6yza. 1, XapkiB, XapkiBcbkuii p-H., 61108, Vkpaina
dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: Haujonanbha akaziemis HayK YKpainu

InenTudikarop ROR:

CeKTop HayKH: AkafemivHui1

PeuenseHTu

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. HoBak Oznexkcanpp IlerpoBuy

2. Oleksandr P. Novak

KBasidikamis: k. ¢.-m. u., crapmmit HayKoBuii criBpo6iThuk, 01.04.02
InenTudikarop ORCHID ID: 0000-0002-9316-4885
JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAMYHOI 0COOH: [HcTUTYT NpuKiagHoi ¢isuku HaujonansHoi akanemii Hayk

Ykpainu



Kog 3a €IPIIOY: 05399225

Micue3HaxoaKeHH: ByJ. [leTpomnasiniBebka, 6ya. 58, Cymu, Cymcekuil p-H., 40000, Yrpaina

dopma ByacHOCTI: Jlepxkasna
Cdepa ynpaBiriHHS: HaujonasnbHa akajeMis HayK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1

Baacue IlpizBuuie Im's I1o-6aThbKOBI:
1. Jle6enuncekuit Cepriit OsieKCaHIPOBUY

2. Serhii O. Lebedynskyi
KBasidikamis: k. ¢.-m. 1., 01.04.02
Imentudikarop ORCHID ID: 0000-0002-0191-6040

JopaTrkoBa indpopmamnist:

IToBHEe HafIMeHyBaHHH lopn,rmquoi ocoou: IHcTuTyT npuknangHoi ¢pisuku HanjoHanbHOI akapemii Hayk

YKpainu

Kopg 3a €IPIIOY: 05399225

Micue3HaxoaKeHHS: ByJ. [leTpomnasiniBebka, 6ya. 58, Cymu, Cymcekuil p-H., 40000, Yrpaina

dopma ByracHOCTI: Jlepxasna
Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu
InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBi

TOJIOBH pajgu

ByiacHe IlpizBuie Im's ITo-6aThKOBI

rOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasibHUI 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeectpaTtop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peeCTpallilo HayKOBOi

OisSIIBHOCTI

Cropixko Bomogumup KOxumoBruy

Cropixko Bononumup IOxumoBuy

Bopommuio Onekciii IBaHOBUY

VKpIHTEI

IOpuenko TersHa AHaTosIiiBHA



