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5. HaykoBo-TexHi4Ha poooTa

Hasga po6oTH (YKp)

JocnimkeHHs CIPSIMOBAaHOTO BUIPOMIHIOBaHHS 3 IJIa3MKM 6araTopa3oBO iOHI30BaHMX aTOMIB 0JI0Ba B CHJIBHOCTPYMOBHUX
iMIy/ZIbCHUX PO3psax

Ha3sBa po6oTHu (aHrJI)

The investigation of the directed radiation from the multi-charged tin plasma in the high-current pulse discharges

Pedepar (yxp)

OG6'eXT JOCJIIKEHHS - TIOTY)XHE CIPSIMOBAaHE BUIIPOMIHIOBaHHS B Jlialla30Hi €KCTPEMasIbHOTO BaKyyMHOTO yibTpadiosery 3
naa3Mu 6araTOKpaTHO iOHi30BaHMX aTOMiB 0JjioBa. MeTa po6OTH - MOMYK i ONTUMIi3alist yMOB (OpPMYyBaHHS CIIPSIMOBAaHOTO
iHTEHCUBHOTO BUIIPOMIHIOBAaHHS 3 [OBXMHOIO xBwii 13,5 HM. Merom [nociimkeHHS - BHUMIpPIOBaHHS iHTEHCHUBHOCTI
BUIIPOMIHIOBaHHSI B [iala3oHi eKcTpemaabHOro ysbTpadionery i pianazoni goBxkuHM XBuiab 12,2..15,8 HM. B minbHIl
6araTopa3oBo iOHi30BaHi!l MJa3Mi CHMJIBHOCTPYMOBOTO iIMIYJIbCHOTO PO3PSLy B iHOYKTHBHIN (asi MOXe BHHUKATH CIIOHTaHHE
CIIpSIMOBaHE BUIIPOMIHIOBAHHSI B Jiara3oHi eKCTpeMasibHoOro yiapTpadiosnety y Burasagi Kopotkux (~ 0,1 Mkc) noTtyxHux (~ 1 MBT)
iMmysbciB. B po60OTi TEOPETUYHO i €KCIIEPUMEHTaNbHO AOCIiIKeH] yMOBM (POpPMYBaHHSI TaKOro BUIIPOMIHIOBAaHHS B Jiama3oHi
JIOBXMHU XBWIIb 12,2...15,8 HM 3 T1a3mMu 6araTopaszoBo iOHI30BaHMX aTOMIB 0s10Ba. [ToKa3aHo, 110 /7S L[BOTO CJTiJ], BAKOPHUCTOBYBATU
iMIysbCHI M1a3MOBi Jiiofy 3 06MEKEHOI POGOYOI0 MMOBEPXHEIO MOTEHLIHHOIO €JIEKTPOLy, T'yCTuHOo cTpyMmy > 0,1 MA/cm2 i
3araceHol0 eHeprielo KoHjeHcartopHoi 6arapei > 20 k. PopMyBaHHS CIIPSIMOBAHOTO BUIIPOMiHIOBAHHS BifOyBa€ThCS B IIiIbHIN
Ma3Mi y TOBEPXHi MOTEHLIMHOTrO €JeKTpody Ha (OHi CTPIMKOrO BBEIEHHS B IJIa3My €HEPrii 3a paxyHOK yTBOPEHHS B
CTPYMOBOMY KaHaJi NMOABIMHOro mapy 06'eMHOro 3apsay. Ha ocHOBi opUriHasbHOI METOMKY OTPUMAaHHS 300pakeHb Y iana3oHi
€KCTPEMAJIbHOTO yybTpadioneTy 3 4acoBUM po3pimieHHaIM 10 109 KanpiB/c BCTAaHOBJEHO, IO CIPSIMOBAHICTb BUNIPOMIHIOBAHHS
3aJIEKUTh Bifi GOPMU IIiNBbHOI MPUIOBEPXHEBOI IJa3MU. [l MO3[OBXHBOI CIIPSIMOBAHOCTI (GoOpMa Mae€ BUIJIAL, CHOULI, a IS
MONEPEYHOi - CIUIIOCHYTOrO Y IIOB3JOBXKHBOMY HampsMi eJincoiga. ICHye NpuUHLUIIOBA BiIMIHHICTB YMOB (OPMYyBaHHS
CIIPSIMOBAHOTO BUIIPOMIHIOBAHHSI B HEMapHi i MapHi MiBnepiogy KoJIMBaHb CTPYMy pO3psiAy. 3amporoHoBaHa ¢i3nyHa MOIEJb
(opMyBaHHS CIIPSIMOBAHOTO BUITPOMIHIOBAHHS B ILIiJIbHIN M71a3Mi iMITyJIbCHOTO [iOAY, B OCHOBI SKOi JIEKUTb TEOPisl iHAYKOBAHOTO
BUIIPOMIHIOBaHHS. BU3HaueHO 3aco6y KepyBaHHS IOTYXXHICTIO i CIIPSIMOBaHICTIO BUITPOMIHIOBaHHS. TeOpETHYHO MOKa3aHo, 10
IIPU 3aCTOCYBaHHI [)XepeJl CIPSIMOBAHOTO BUIIPOMIHIOBAHHSI MOKHA CYTTEBO MiABUIIUTUA €(PEKTUBHICTb CUCTEM HaHOJiTOrpadii.
Pesynpratu HJIP ynpoBajaXeHi B HaBYaJAbHUI Npouec Ha (i3MKO-TEXHIYHOMY (akysbTeTi i (akysnbTeTi KOMI'IOTEPHUX HaykK
XapKiBCbKOTo HalliOHAJILHOTO yHiBepcuTeTy iMeHi B.H. KapasiHa.

Pedepar (aHrI)

The object of an investigation is the intense directional radiation in the extreme ultraviolet wavelength range from plasma of
multiply ionized tin atoms. The project aim is searching and the optimization of conditions for the directional intensity radiation
formation with a wavelength of 13.5 nm. The research method is measuring the radiation intensity in the extreme ultraviolet
range and wavelength range of 12.2...15.8 nm. In dense multiply ionized plasma of high-current pulsed discharge in the inductive
phase the spontaneously directed radiation in the extreme ultraviolet range can arises in the form of short (~ 0.1 ps) thick (~ 1
MW) pulses. Formation conditions of such radiation in the wavelength range of 12.2...15.8 nm from the multiply ionized tin atoms
plasma have been theoretically and experimentally investigated in this work. It have been shown that should use pulsed plasma
diodes with limited working surface of potential electrode with the current density > 0.1 MA/cm2 and the stored energy of the
capacitor bank > 20 J. The directional radiation formation occurs in dense plasma near the potential electrode surface on the
background of plasma energy rapid introduction due to formation the double layer of volumetric charge in the current channel.
Based on the original method of obtaining images in the extreme ultraviolet range with a time resolution of up to 109 frames/s



found that the radiation directivity depends on the form of dense surface plasma. For the longitudinal direction the form looks
like the spoke, for the transversal - longitudinally flattened ellipsoid. There is a fundamental difference between the conditions
for directional radiation formation in the odd and even half-periods of the discharge current oscillation. A physical model of
directional radiation formation in dense plasma of pulsed diode which is based on the stimulated emission theory has been
proposed. Ways of manage power and radiation directivity have been determined. It has been theoretically shown that the
application of directional radiation sources can significantly increase the nanolithography systems efficiency. Results of
research report were introduced into the educational process at the physics and technology department and the computer
science department of V.N. Karazin Kharkiv national university.

Ingekc YIK: 533.9:537.872, 533.9.07

Kozu temaruunux pyopuk HTI: 29.27.15
6. HaykoBo-TexHiyHa npoaykuis (HTII)

HTII 1

Hassa npoaykiii (ykp): OCHOBU Teopii CIIpsSIMOBAaHOT'O BUIIPOMiHIOBaHHS IJIa3MU B J1iala30Hi €KCTpeMasibHOTO yabTpadioneTy.
Hassa npoaykuii (anrui): Fundamentals of the theory directional plasma radiation in the range of extreme ultraviolet
OuiKyBaHi pe3yJIbTaTH:

T'anysse 3acrocyBaHHs: 73.10.1 JlocimkeHHs i po3po6KY B rajysi IpUPOJHUYNAX HAYK

Onuc npozykuii (ykp): [I[pu3HadeHHs: [4J19 CTBOPEHHS NOTYKHUX CIIPSIMOBAHUX JPKEepeJ BUTIPOMIHIOBAaHHS B Jiiarna3oHi
€KCTpeMaJIbHOro yabTpadiosieTy. BUKoprucTaHHs BUIIPOMiHIOBaHHS B Jlialla30Hi €KCTPEMAJILHOTO yiIbTpadioseTy 3a6e3nednTsb

PO3BUTOK HaHostiTorpadii Ayst BUpOOGHUIITBA MiKPOEJIEKTPOHIKY.
ComiasibHO-eKOHOMIYHa crpsimoBaHicTs HTII:

Crapgis 3aBepmenocti HTII: 3sit no HIIJKP

Bruposagskenns HTII: BnposagkeHo

Crpoku BupoBagaskenHs: 2012-2014 pp.

Bupo6HHuK npoayKuii: XapkiBCbKUil HaljjoHanbHUI YHiBepcuTeT imeHi B.H. Kapasina
CnoskuBadyi npoaykuii: HaykoBo-1oCniHi yCTaHOBY, YHIBEPCUTETH.

IlepcniekTuBHI puHKHU: YKpaiHa, Kpainu €C, CILA, SnoHis.

IIpaBa iHTeeKTyasIbHOI BJIACHOCTI: 32 JOrOBOpamMu

®opmu Ta ymoBH nepegaui npogykuii: CriinieHi HIJIKP
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