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AHHOTALUU

ABSTRACTS

DSA - KOMHHEMEHTAPHbIVI METO/, YCUNNEHUS PA3PELLEHUSA

UMMEPCUOHHOW IUTOTPAGUN

3anocneH1e HeCKONbKO N1ET MHHOBALVMOHHbIE METOALI HOPMUPOBAHMS U300PAXERNS BOCTUTAN 3HAYUTENL-

HOrO Nporpecca. Ha npoTsaxexuy aecstunetuit EUV-nutorpadms (extreme ultraviolet) aBnsnach rasHbim

KaHAWAATOM Ha yCUNeHMe pa3peLLalolLieil COCOBHOCTY OMTUYECKOM IUTOrpaduM. STOT METOR yXe Ceityac

MPUMERSIETCA AN15 U3rOTOBAEHIA MMAOTHDIX NAPTUI KaK LONONHEHWE K UMMEPCUOHHOM nuTorpaduu. K2020

TOY NNaHMPYETCS ero NOAHOE 0CBOEHMUE C MAHMMANLHLIMI POEKTHLIMU HOPMAMW 7=5 HM, NPUYeM A8 pas-

pewwerns 5 HM byaeT Mcnonb3oBaTbCst 0AHOKpaTHasA EUV-nutorpadus. OfHaKo Aaxe B 3TON nepcnekTyse

He BCE NPOU3BOAMTENY CMOTYT MO3BOAMTL Cebe UCNONb30BaHME 3TOI TEXHONOMMM. B TO Xe Bpems anbTep-

HaTUBHbIE, WM TaK Ha3blBaeMble KOMMEMeHTapHbIE, Kak Ans EUVL, Tak v Ang uMMEPCHOHHOW AuTorpadui,

METOZbI YCUNEHNS Pa3peLLEHIs TakXe CTPEMUTENbHO Pa3BUBAIOTCA. MeTOA HanpaBeHHoM camocbopkv

(directed self-assembly, DSA) AeMOHCTpUPYET 3HAUUTEAbHbIA NPOPECC B PA3BUTMM, a TAKXE B PELLIEHM NPO-

6n1eM N0 yMeHbLUEHMI0 Aed)eKTHOCTI, UHTErPaLMK B TONOAOT M0, ONTUMM3ALMM MApLLPYTOB. MHOrony4esas

INeKTPOHHAs nuTorpadms (multi-beam electron lithography, ML2) nycTb MeaneHHo, HO Aporpeccupyet

B PeLUEeHIM NPoBAeM, CBS3HHBIX C HAZEXHOCTbIO M CTaBUAM3ALMER OCHOBHBIX TOYHOCTHBIX NApaMETPOB.
Kniouesble cn0Ba: Hanpas/eHHas camocbopka (directed self-assembly, DSA), EUV-nuTorpadus
(extreme ultraviolet), MHorony4eBas nekTpoHHas auTorpadus (multi-beam electron lithography,
ML2), iMMepcOHHas uTorpadus, Hosoe nokoneHune autorpaduu (NGL), MynbTUNaTTepHUpo-
BaHue, 610K-CONoNMMEP, NapamMeTp B3AUMOALACTBHS X, 3aKPENASIOLLNIA CIIOM, HEUTPabHLIN
CNIOW, XeMo3nuUTaKcus, rpadoanutakcms

Csefienns 06 aBTopax:

KpacHukoe lenHaduii Sikoenesuy, akademuk Poccutickoll akademuu HayK; AKUUOHepHoe obuecmeo "Hay4o-
uccnedogamenbckul UHCMUMymM mMonekyAsIpHoU 3nexmpoHuku’, 124460, 2. Mockea, 3eneHozpad, T-i
3anadnbili npoesd, .12, cmp. 1, gkrasnikov@mikron.ru;

Tyuwun Onez Magnosuy; AkuuoHepHoe Oecmeo «Hay4Ho-uccAedosamensckuil UHCMUMYM MoneKyASpHOL
InexmpoHuKu», 124460, 2. Mockea, 3eaerozpad, 1-ii 3anadkbiii npoe3d, d. 12, cmp. 1, ogushin@mikron.ru;

Jumasput Muxaun Baadumuposuy; AkyuoHepHoe Obuiecmeo «Hay4ro-uccaedosamenbckuil UHcmumym
MOoAeKYASpHOL 3neKmpoHuKUY, 124460, 2. Mockea, 3eneHozpad, 1-ii 3anadHbili npoe3d, 0. 12, cmp. 1,
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uccnedosamenbcKuil UHCMUMym moAekyAspHol 3nekmporuKuY, 124460, 2. Mockea, 3eneHozpad, 1-ii
3anadneiii npoesd, 0. 12, cmp. 1, egornev@mikron.ru.

MOAUOUKALIUS CBOICTB HAHOCTPYKTYPUPOBAHHbIX

MEAb-YITNEPOAHbIX KOMMO3UTHbIX MOKPbITUA

VccnepoBaHbl KOMMO3NLMOHHbIE MOKPLITUS M3 HEB3AUMOZEICTBYIOWMX MeXAy C060M MeTannypruye-

CKUM TIyTEM MeSM W yrnepoga. TOKpbITAS NOAYYanM METOAOM BbICOKOCKOPOCTHOTO MOHHO-MAa3MeH-

HOTO MarHeTpOHHOro pacrbinenns (BUMMP) ¢ MCMOAb30BAHMEM COCTABHBIX MO3aUYHbIX MulueHeit (MM).

JKCnepUMEHTaNLHO NMOKA3aHo, 4T0 MeTog BUTMP no3sonseT 3¢ dekTUBHO pacnbinsTh C OAUHAKOBON YCTa-

HOBMBLLEVCS CKOPOCTbIO TaKMe PasHOPOAHbIE MaTepuanbl, KAk Meab 1 yrnepoz B 3apaHee 3aAaHHON npo-

nopLyu. Mpy 3ToM GOPMUPYETCA NOTOK aTOMOB MESM Y YIIEPOA], FOMOTEHHO CMELIAHHbIX MeXy COBov Ha

aTOMapHOM ypoBHe. 10TOK MeAM 1 yrnepoaa 0CaXAAeTCA Ha NOANOXKKE B BUAE ABYXKOMMOHEHTHOO KOM-

MO3WLMOHHOTO NOKPLITUS 331aHHOTO COCTaBa Ha MAKPOYPOBHE. YCTAHOBAEHO, YTO Ha MOBEPXHOCTY MOA-

NOXKK GOPMUPYETCS MOKPLITUE, COCTOSLLER M3 MESHOW 1 yrnepoaHOi Ga3 HaHOPa3MEPHOO AuanasoHa

TUNa 84po-060n104Ka. KpUcTanaudeckas AUCNepCHOCTb MOKPLITUS U3MEHSETCS B 3aBUCMMOCTH OT COAepXa-

HiS B KOMMO3UTE YTNIePOAA. B 3aBUCMMOCTY OT NPOLIEHTHOTO COAEPXAHNS MESM U YTNepOAa Ha MOAN0XKe

MPOUCXOAMT GOPMUPOBAHUE PA3NIMYHBIX HAHO(A3 ¥ COOTBETCTBYHOLLEE HAHOCTPYKTYPUPOBAHHE KOMMO3UTA.

VccnepoBaie $pa3oBoro v 3NeMEHTHOrO COCTaBa, MUKPOCTPYKTYPbI, TONOrpaduu NOBEPXHOCTH, MUKPO-

TBEPAOCTH, KO3QOULMEHTA TPEHNS ¥ YT X XapaKTEPUCTUK NONYYAEMbIX HAHOCTPYKTYPUPOBAHHDIX MOKPbI-

TWIA NOKa3bIBAET, 4TO Me/b U YTNEpOZ B MPOLIECCe 0CAX/EHMS Ha MOANOXKY, HarpeTyio A0 350-450 °C, Ha

HaHOYPOBHE B3aVIMHO He CMELUMBAIOTCS M XMIMUYECKU He B3AUMOLENCTBYIOT, HO MPOLLEHTHOE COAEPXKaHUe

HaHOKPUCTANUTOB B KOMMO3UTE CYLLECTBEHHO BASIOT HA CBOWCTBA KOMNO3MTA. KOHLeHTpaums yraepoaa

0Ka3bIBAET CYLLECTBEHHOE BAUAHUE HA LEPOXOBATOCTb MOBEPXHOCTH, AAre3Nio, MeXaHuyeckue, aneKTpu-

yeckue v TpUBoNoruYeckue CBOCTBA. Tak npy comepxanun 10-15% (ar.) yrnepoaa HabnlogaeTca CHixe-

Hue KO3 dULMEHT CYXOro TpeHNs MOKPbITUS A0 01,  UHOCOCTOMKOCTb < 1077 M3/H-M. MoNyYeHHbIE IKC-

MEPUMEHTANbHO Pe3yNLTaThl KA4eCTBEHHO 0BBACHSIOTCS 3aXBaTOM CBOBOAHBIX 31EKTPOHOB HAHOCTPYKTY-

pamu yrneposa v GopMUPOBAHMEM CNIOEB 06BEMHOrO 3apsza.

KnioyeBbie cnoBa: Cu-C HAHOKOMMO3KT, yIpaB/ieHNe CBOWCTBAMMU HAHOKOMMO3UTOB, KO3 PU-
LIMEHT CYXOr0 TPEHMS, U3HOCOCTONKOCTb
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Mockea, ya. Mukayxo-Makaas, . 6, vic_belyaev@mail.ru

DSA - COMPLEMENTARY METHOD OF ENHANCING

RESOLUTION OF IMMERSION LITHOGRAPHY

Over the past few years, novel lithography techniques have made a significant

progress. For deAcades, the EUV-lithography (EUV) has been a prime candidate

to enhance the resolution of optical lithography. This method is already used for
the producing of pilot batches, together with immersion lithography. By 2020 it is
planned to complete the development of a “7-5nm node”, and “5 nm node” designs
will be made by single EUV lithography. However, even in this perspective, not
all manufacturers will be able to afford using this technology. At the same time,
alternative or complementary for EUVL and for immersion lithography, resolution
enhancing techniques have also been rapidly developing. The method of directed
self-assembly (DSA) shows significant progressin its development and in addressing
the remaining challenges to reduce defects, design integration, as well as route
optimization. Multi-beam electron lithography (ML2) also achieved significant
progress in addressing the problems associated with the reliability and accuracy
stabilization of the main parameters.
Keywords: directed self-assembly (DSA), extreme ultraviolet lithography
(EUV), multi-beam electron lithography (ML2), immersion lithography,
next generation lithography (NGL), multi-patterning (MP), block copolymer,
interaction parameter y, mat, brush, graphoepitaxy, chemoepitaxy
Data of authors:

Krasnikov Gennady Yakovlevich, Dr.Sci.; RAS academician; Molecular Electronic
Research Institute SC, 124460, Russia, Moscow, Zelenograd, 1-St Zapadniy
proezd, d. 12/1, gkrasnikov@mikron.ru;

Gushchin Oleg Pavlovich; Molecular Electronic Research Institute SC, 124460,
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Litavrin Michail Vladimirovich; Molecular Electronic Research Institute SC, 124460,
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Gornev Evgeny Sergeevich, doctor of Engineering Sciences; Molecular Electronic
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COOPER-CARBON NANOSTRUCTURED COMPOSITE

COATINGS WITH CONTROLLED STRUCTURE

Studied Cu-CGcomposite. Coatings were produced by high ion plasma magnetron

sputtering (HIPMS) using a composite mosaic target. It is shown experimentally

that the HIPMS method can effectively spraying with the same steady rate of
such diverse materials as copper and carbon in predetermined proportions. In this
case, is formed by the flow of copper and carbon, is homogeneously mixed with
each other at the atomic level. The flow of copper and carbon is deposited on the
substrate in the form of two-component composite coating of given composition
at the macro level. Studies have shown that at the nanoscale on the substrate is
formed nanophases and related nanostructuring of the composite. The phase and
elemental composition, microstructure, surface topography, microhardness, friction
coefficient and other characteristics of the nanostructured coating shows that the
copper and carbon in the process of deposition on a substrate heated to 350-450
°C, at the nanoscale are not mutually mixed and not chemically interact. On the
surface of the substrate coating is formed, consisting of copper and carbon nano-
sizerange of phases. The crystal dispersion coating varies depending on the content
of carbon in the composite. The carbon concentration has a significant influence on
surface roughness, adhesion and mechanical, electrical and tribological properties.

Soif they contain 10-15% (at.) carbon is observed decline in the dry-friction coating

t0 0,1-0,15. The mechanical properties can be explained by free electrons capture

with carbon nanostructures and space charge formation.
Keywords: Cu-C Nanocomposite, Coatings, Hardness, Friction Coefficient,
X-Ray Diffraction, Raman Spec-troscopy
Data of authors:

Vysikaylo Philip lvanovich, Doctor of Physical and Mathematical Sciences; The
Moscow Radiotechnical Institute, Russian Academy of Sciences, 117519, Russi,
Moscow, Warsaw highway, 132, filvys@yandex.ru;

Mitin Valeriy Semyonovich, Candidate of Engineering Sciences; The A.A. Bochvar
High-Technology Scientific Research Institute for Inorganic Materials, 123098,
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Yakovlev Alexandr Yurievich; The Moscow Radiotechnical Institute, Russian
Academy of Sciences, (MRTI RAS), T17519, Russia, Moscow, Warsaw highway,
132, iesakov@yandex.ru;

Belyaev Victor Vasilevich, Doctor of technical science; Moscow Region State
University, Professor, Peoples’ Frienship University of Russia, 117198, Russia,
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ABSTRACTS

 AHHOTALUU

CBOWCTBA BY®EPHOIO TPABUTENS OKCUAA KPEMHUS U OCOBEHHOCTHU
EF0 UCNOJIb3OBAHWUA B TEXHONOTMW UHTETPAJIbHBIX CXEM
B naHHoi paboTe paccMaTpuBaloTCs CBOWCTBA bydepHOro TpasuTens okcvaa KpeMHUS 1 0COBEHHOCTH
€ro UCMONb30BAHNS B TEXHONOT VN M3TOTOBNEHWS MHTErpabHLIX CXeM. [OKa3aHbl MPUYMHBI NCNONb30BA-
His bydepHoro TpaBuTens Ang TpaBNeHUS OKCUAA KPEMHMS C MAckoil GOTOPE3NCTa, PaCCMOTPEHO BANS-
Hie KOHLIeHTPaLMI KOMMOHEHTOB Ha NOBEEHIe CaMOr0 TPaBUTeNs U AeCTBUE HA NOBEPXHOCTL NAACTUHDI.
Knioyesble cnosa: 6ydepHblit TpasuTens, BOE, BHF, TpaBneHue, 0KCUZ KpeMHWS, CeNeKTMBHOCTL
CBefieHus 06 aBTopax:
Pan4un Cepaeli Onezosuy, Mybau4xoe akyuoxepHoe obusecmeo «Mukpon, 124460, Mockea, 3enerozpad,
1-0i 3anadHeill npoe3d, 12/1, e-mail: sranchin@mikron. ru;
Kuptowuna Mpuna BacuabesHa, My6auHoe akuuonepHoe obuecmeo «Mukpony, 124460, Mockea,
3eneHozpad, 1-ii 3anadHbili npoe3d, 12/1, e-mail: ikiryushina@mikron.ru

OTEYECTBEHHbIN ®OTOPE3UCT ANS B3PbIBHON OOTONUTOrPAOUU

[Ling TEXHONOTUY METaNNM3ALMM NONYNPOBOAHUKOBLIX NIACTIH METO/L0M B3PbIBHOM® MMTOTpaduu paspacdo-

TaH HeraTuBHbIA (oTope3nct OH-16Y-7 - aHanor umnopTHoro Gotopesncta AZ nLOF 2070. dotopesuc pabo-

TaeT Ha NPUHLVMNE «XUMIYECKOTO YCUNEHNUSY, U B CBOEM COCTaBE AONONHUTENbHO COBREPXUT KOMMOHEHT, Mo~

COBCTBYHOLLMI HOPMUPOBAHMIO OTPULIATENLHOTO YA HAKAOHA MACKu (OTOPe3NCTa. MPOAEMOHCTPUPOBAHO,

YTO NYTEM U3MEHEHUS KOHLIEHTPALIMM 3TOTO KOMMOHEHTA B HEraTUBHOM (OTOPE3NCTE MOXHO KOHTPOAMpY-

€MO ynpaBAsTb NpoduaeM GOTOPE3NCTUBHOM MACKM.

KnioyeBble C10BA: HEraTUBHLIA POTOPE3NCT; METANNN3ALNS; «B3PbLIBHASH NUTOrPadus

CBefieHus 06 aBTopax:
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OBLLAS TEOPUSA TEXHOJOTUW U MUKPOSJIEKTPOHUKA: YACTb 1.

YPOBHU ONMUCAHUA TEXHOJNIOTUN

MpuB0ANTCA 0630p CyLLECTBYIOLIMX NOAXOAO0B K MOHUMAHMIO W ONMCAHMIO TEXHONOTMYECKUX NPOLIeCCOB

(rexHonoruu). Ha ux GoHe GOpMynMpPYETCa aBTOPCKAS KOHLENLMA «0BLLiel TEOPUM TEXHONOTMAY KaK pa3-

[ena obuuei Teopun cucTem. YKasbiBaeTCs MeCTO MAKPOINEKTPOHUKY B UCTOPUM 1 COBPEMEHHOM JpeBe

TEXHONOT A,
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TEXHONOMNYECKMIA NPOLIECC, HAYYHO-TEXHIYECKWIA NPOTPECC, TEXHONOTMYECKNI YKNag, UHHOBALMM
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OCOBEHHOCTK NOHATUA «KPATHOCTb BO3YXOOBMEHA»

MPUMEHUTENIBHO K YACTbIM NOMELLEHMAM NPOU3BOACTBEHHOIO

HA3HAYEHWA

Hactosiwas paboTa noCBALLIEHA OLIEHKE OAHO M3 OCHOBHDLIX XapaKTEPUCTUK YUCTLIX TOMELLEHWHA, NpeHa3Ha-

yeHHbIX 415 npou3eoacTBa MMC, Tak Ha3biBaeMOR KpAaTHOCTY BO3AyX006MeHa B NOMeLLeHI. PaccMOTpeHbI

$aKTOPbI, CYLLECTBEHHO BANSIOLLME HA BEAMYMHY 3TOW XapaKTepUCTUKIA. 10Ka3aHo, YTO OHa BCE Xe SBAS-

€TCS BTOPUYHOM NO OTHOLUEHMIO K HONee BaXHOM XapaKkTepUCTHKe — 06LeMy BO3AYXa, NOAABAEMOTO B €M~

HWLly BPEMEHM Ha eAMHUYHYH NAOLLA/bL PaBOYeid 30HbI YUCTOTO MOMELLIEHNS. 3aTPOHYTbiE B CTaTbe BONPOChI

HY)XBI0TCA B Honee AeTanbHOM OCBELLEHUH, YTO NAAHMpYeTCS CAenaTh B NOCAeAYIOWMX NybANKALMSX.
KnioyeBble CN0Ba: KPATHOCTb BO3ZyX006MEHA, MHTEHCUBHOCTL NOAAYN KOHAULMOHHOIO BO3-
[yXa B YNCTOE NOMeLLeHNe
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BUFFERED OXIDE ETCHER PROPERTIES AND USAGE

FEATURES IN THE INTEGRATED CIRCUITS TECHNOLOGY

Buffered oxide etcher properties and usage features in the integrated circuits

technology are considered in this publication. Buffered oxide etcher for silicon oxide

with photoresist mask etching usage reasons are shown, componentry concentrations

impacting on the etcher behavior and impact on wafer surface was considered.
Keywords: buffered etcher, BOE, BHF, etching, silicon oxide, selectivity
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DOMESTIC PHOTORESIST FOR LIFT-OFF

PHOTOLITHOGRAPHY

Negative i-line photoresist FN-16U-7 s analogous to AZ nLOF 2070 and formulated for

lift-off lithography processes to create metallic interconnections on semiconductor

substrates. FN-16U-7 uses the “chemical amplification” concept and contains an
additional special component to promote the formation of a negative wall profile.

It was demonstrated that by changing the component concentration one may

finely tune the negative mask tilt.

Keywords: negative photoresist; metallization; lift-off lithography
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GENERAL THEORY OF TECHNOLOGY AND
MICROELECTRONICS: PART 1. LEVELS OF TECHNOLOGY
Areview of existing approaches to understanding and describing technological processes
(technology) s given. Taking into account these approaches the author’s conception of
the "General Theory of Technology" is stated as a part of the General Systems Theory.
The place of microelectronics in history and modern technology tree s indicated..
Keywords: general systems theory, cybernetics, general purpose
technologies, technology, technological process, scientific and
technological progress, technological structure, innovations
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ABOUT THE FEATURES OF THE CONCEPT "VENTILATION
RATE", IN RELATION TO CLEAN ROOMS FOR PRODUCTION
PURPOSES
The article is dedicated to one of the main characteristics of the clean rooms that
intended for the production of IMS - the so-called ventilation rate in the room. This
paper examines factors significantly affecting the value of this characteristic. It is
shown that however it is secondary to the more important characteristic that is
the volume of air supplied in unit time on unit area of the working area of a clean
room. Issues raised in the article need in more detailed coverage of that is planned
to do in subsequent publications.
Keywords: ventilation rate, the flow rate of conditioned air to the
clean room
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