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The analysis of structural properties and

parameters of objectsusing an integrated 534

approach to processing x-ray optical
measurement

D.Petrakov, N Gerasimenko, N.Medetov, D.Smimoy,

R Suyundukov

Investigations of thin-film microelectronic structures of low-k
dielectrics and TiN diffusivebarrier layers using proposed
complex of X-ray methods, particularly, reflectometry and
diffused scattering have been accomplished. The advantages
of this approach are that it allows of resolving ambiguities,
such as "density-roughness" appeared at solving of inverse
X-ray problems, identifying features of the studied structures
formation and developing an analytical complex combined
by selfconsistent processing of the data obtained by several
measurement methods in practice. In future, itis planned
toadapt it to XTay spectral and X-ray diffraction analysis
methods to study the elemental and phase composition of
objects, including the analysis of ore minerals.

Keywords: X-ray optical methods, thin-film nanostructures, software

Automated defect detection system 54)

in MEMS manufacturing

K Raketov, N.Israilev, A Kazachkov, £ Zablotskaya, |.Rod,
M.Ryabkov, A.Isachenko, D.Shamiryan

Well-established systems of control and inspection of
products at various technological stages play a key role in
ensuring production flexibility, in continuous improvement of
production processes and reduction of production losses. in
MEMS production, an automated optical inspection is often
used for these purposes, the result of which is a large number
of images that require processing and analysis. This article
presents the results of the implementation of the automated
system for detecting defects of lithography, based on
software for image processing, developed specifically for this
purpose by AKSALIT Soft, at MAPPER.

Keywords: MEMS, photoresist, detecting defects,

lithographic defects

AHanu3 CTpYKTYPHbIX CBOACTB ¥ NapaMeTpoB
06beKTOB C UCMO/b30BAHNEM KOMIIEKCHOTO
noAxoaa 06paboTKK AaHHBIX PEHTTEHOOMTUYECKUX
U3MepeHui

[1.Mempaos, H.repacumenko, H.Medernos, [}, CiupHos,
PCyroHdykos

KoMMEKCHO MCCNIei0BaHbI TOHKOMIEHOHbIE MUKPO3NeK-
TPOHHbIE CTPYKTYPbI low-k-av3neKTpukos v anddyanoHHo-
BapbepHbix 1068 TiN HECKONbKIMY PEHTTEHOOMTUHECKVMM
METOZaMM. 3TO Pa3peLuM T HeOAHO3HAYHOCTY TUMA “TIOTHOCTL —
LIEPOXOBATOCTD', BO3HVKALOLLVE NPYA peLLieHMM 0BpaTHbIX
PEHTTEHOBCKVX 33434 Y BbIIBUT 0COBEHHOCTY (YOPMIPOBAHMS
CCNef0BaHHbIX CTPYKTYP. CO3aH aHAMTUHECKWI KOMIEKC,
00be/VHERHbI/ CAMOCOMIACOBAHHOM 06PABOTKOM AAHHbIX
HeCKOMbKYX METOZOB V3MepeHMiA. 1aHUpYeTCA afanauys k
METOAAM PEHTTEHOCTIEKTP/ILHOMO 1 PeHTTEHOCTPYKTYPHOMO
aHaV3a L9 UCCNE0BARNS 3NEMEHTHOTO U (hla30BOrO COCTaBa,
BK/TK4QS QM3 PYZHbIX MIOME3HbIX MCKOMAeMbIX.

Kntouiesble croea: KomIAeKC peHmaeHoonmuYecKLX Memodos,
MIOHKONAGHO4HbIE HAHOCMPYKIMYPb, NPOZPAMMHOE 0ecneyeHie

(06 aBTOMaTH3MPOBAHHON CHCTEMeE AETEKTUPOBAHNS
Redexros Ha MOMC-npoussoacTee

K.Paxemos, H./3paunes, A.Ka3aukos, E.3abnoukas,
W.Pod, M.Pstkos, A.ca4exko, . LLamupsH

CuCTembl KOHTPOAS MPOZYKLIMM HA PA3AMYHDIX TEXHONO-
TV4ECKIX CTaZvsi ArPaIoT K/K04eByIo ponb B 0becne-

YeHi NPOV3BOACTBA, YNYHLIEHIN NPOV3BOACTBEHHbIX
TPOLIECCOB ¥ COKPALLEHW MPOV3BOACTBEHHLIX MOTEpb. B
M3MC-npon3BoACTBE 415 3TOTO MCTIO/Nb3YeTCA ABTOMATH-
311pOBaHHaZ! OMTI4YeCKas MHCMeKLWS, CO3AA01LIAs MACCHB
1306paxeHIi, TpebytoLLx 06paboTiv 1 aHanm3a. B cratbe
Mpe/CTaBneHbl pe3ynbTarbl BHeaperis 8 000 "MATMEP"
aBTOMATV3MIPOBAHHON CUCTEMbI AETEKTUPOBaHMS AedeKToB
nTorpadum, basnpyowwencs Ha MO g obpaboTky n3o6pa-
XeHii, paspabotanHom 000 "AKCATIUT Codr”.

Kntouesbie cnosa: MEMC, omopesuicm, onpedenequie depexmos
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non-invasively. Detecting structural properties from NMR
datais a challenging inverse problem and has to account
forvariability in shapes, sizes and concentrations of the
compartments of soft matter. In this paper we developa
numerical method, providing a fundamental understanding
of contrast diffusion mechanism in NMR signal closely
linked to both the compartment hierarchy and the temporal
spectrum. We model a composite with self-similar random
structure and demonstrate that we retrieve the effective
dynamic diffusion spectrum as function of geometries of
different shapes, sizes and concentrations of disordered
compartments of material.

Keywords: Nuclear magnetic resonance, signal attenuation, temporal
diffusion, velocity autocorrelation, continues fractions, renormalization
group theory

Conferences,

seminars, exhibitions

The state and prospects of development

of nanoindustry in the Russian Federation

L Ratkin

In the spring of 2018, a meeting was held in the State
Duma of the Federal Assembly of the Russian Federation
on the "Status and Prospects for the Development of
Nanoindustry in the Russian Federation". Deputies of

the State Duma of the Federal Assembly of the Russian
Federation, representatives of academic and university
science, industrialists and entrepreneurs discussed
legislative initiatives that will increase the effectiveness of
the implementation of investment projects and programs in
the field of nanotechnologies.

Keywords: nanoindustry, nanotechnologies, Rosnano, nanoelectronics,
photonics, nuclear medicine, solar stations

Education

Open Innovations and Science Festival

A Akhmetova, Yu.Belov, |.Yaminskiy

By tradition, two major events took place in October - the
NAUKA 0+ Science Festival and the Open Innovations
International Forum under the auspices of the Russian
Government. Both of these events are intended to become
platforms for unification: schoolchildren, students with
science and educational projects, and specialists with
innovation and breakthrough ideas.

Keywords: scanning probe microscapy, optical microscapy,
electron microscopy, image processing and analysis, 3D images,
3D microscopy, 3D modelling, 3D design, 3D machining,

3D printing, 3D scanning, active creativity

Control and measurement
Fast-scanning probe

microscopy

AAkhmetova, | Yaminskiy

Fast-scanning probe microscopy makes it possible to study
living objects at the molecular level with a millisecond
time resolution, which provides new opportunities for
biomedicine and personalized medicine in principle. The
most interesting field of high-speed probe microscopy is
solving the following complex tasks: determining bacterial
antibiotic resistance, screening drugs using a single cell,
targeted delivery of substances to a local area of biological
tissue and a biological object, and early detection of
biological agents.

Keywords: scanning probe microscopy, image processing and analysis,
remote cortrol, three-dimensional images, antibiotic resistance, targeted
delivery of biomolecules, biomedicine
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HeHBa3MBHO. OBHapYXKeHMe CTPYKTYPHbIX CBOUCTB N0
[LaHHbIM AMP — C10Has 06paTHast 33a4a, y4UTbIBaIO-
LLlast BAPUATMBHOCTL GOPM, Pa3MEPOB 1 KOHLEHTPALM
KOMMOHEHTOB BeLwecTBa. Pa3paboTaH YnUIeHHbIN MeTog,
06ecneymBLLMA MOHMMAHVe MexaHu3Ma 06pa3oBaHNs
APBY3MOHHOrO KOHTpacTa curHana IMP, CBsi3aHHOMO

C Miepapxvert KOMMOHEHTOB BELLECTBA M BPEMEHHbIM
cnekTpom Avddy3um. Pa3paboTaHa Mosens BeLLecTsa ¢
Camono06HOM CTy4aNHOM CTPYKTYPOM. SddeKTUBHDIA
AVNHAMUYECKUA CNeKTp AnGdy3um 3aBUCUT OT AUanasoHa
reoMeTpuUM opMbI, PASMEPOB 1 KOHLIEHTPALVIA Heyrnopsio-
YeHHbIX KOMMOHEHT BeLLeCTBa.

Kntouiesble caoea: 0epHbILI MaZHUMHbIL PESOHAHC, 3aMyXaHUE
CLIZHaG, BPeMeHHAS| AUPY3LS, ABMOKOPPENSIULIOHHAS GYHKULS
CKopocmetl, HenpepbIBHas! dpobb, PEHOPMAALBALILIOHHAS 2pynna

KoHpepeHuun,

CeéMUHapbl, BbiICTaBKU

CocTosiH1e W NepcreKTUBbI PasBUTUS HAHOUHAYCTPUM
B Poccuitckon Pegepaumn

J1.PamkuH

BecHoit 2018 roa 8 focyaapctaexHoit yme (I1)
®epepasnbHoro Cobpanms (OC) PO 6bino nposeeHo
coBeLLaHve "COCTOSHMeE W NepCneKTUBL passuTHs
HaHOWHAYCTpuM B Poccnitckon Gepepaumn’. B opmare
Kpyrnoro crona Aenytarbl [} ®C PO, npeactasuteni
aKa/;eMM4ECKON 1 BY30BCKOW HAYKM, MPOMBILUNEHHUAKA N
npeanpyHIMaTent 06CyAUAM 3aKOHOAATENbHBIE MHULW-
aTyBbI, KOTOPbIE NOBLICST G HEKTUBHOCTL Peanm3aLmm
WNHBECTULIMOHHDIX IPOEKTOB ¥ MPOTPaMM B HAHOTEXHONO-
ruyeckon cdepe.

Kntouesbie caoea: HaHoLHAycmpus, HaHomexHonozuu, POCHAHO,
HAHO3AeKIMPOHUKA, POMOHLIKA, S0epHAS MeOLLUHA

O6pasoBaHue

OTKpbITbie MHHOBALMN U DecTUBANb HAYKK
AAxmemoaa, KO.benos, N SMUHCKuL

o TPaaMLK B OKTAGPE COCTOSAMCD ABA KPYMHbIX MEPONpUs-
st — Qectusans Haykin NAUKA 0+ 1 MeXzayHapoaHbIn Gopym
"OTKPbLITIE MHHOBALWY' NOZ 3rov pasuTenbCTBa Poccin.
06a 3TVX MeponpHSTUS NPU3BaHbI CTaTb NAOLLAAKAMM A5 06L-
€/VIHeHNs\: B NePBOM Cy4ae LKONTbHWKOB, CTYAEHTOB C HayKow 1
06pa3oBaTe/bHbIMY MPOEKTaMK, a BO BTOPOM — CMIeLMA/INCTOB C
WHHOBALWSM M NPOPLIBHBIMIA MZESMM.

Kntodesble crosa: CKaHUPYIOLLAS] 30HG08AS MUKDOCKONL,

ONMUHecKass MUKPOCKONLS], 06pabomKa U GHAAU3 LB0OPAXEHUL,
3D-u306paxexus, 3D-mukpockonus, 3D-npoexmuposatitie, 3D-0u3aik,
3D-mexaroobpabomka, 3D-nesam, aKmueHoe meopHecrmeo

KoHTposb 1 usmepeHus
BbICTpOAEHCTBYIOWAS CKAHUPYIOWASR

30H/10Basi MUKPOCKONMS

AAxmemosa, M. AmuHckui

BbICTPOAGNCTBYIOWAS CKAHUPYHOLLAS 30HA0BAS
MUKPOCKOMMS NO3BONSET U3y4aTh XKiBbIE 00LeKTbI
Ha MONIeKyNPHOM YPOBHE C MUNTUCEKYHAHBIM
BPEMEHHbIM pa3pelleHeM, YTO OTKPbIBAeT HOBble
BO3MOXHOCTY Anst GUOMeANLMHbI. TIpUMeHseTcs
NPy pelLerrin KOMNAEKCHbIX 33Aa4: OnpeaeneHus
bakTepuanbHoM aHTMOUOTUKOPE3NCTEHTHO-

CTH, CKPUHMHTA NEKApCTB C UCMONb30BAHNEM
€AVIHUYHON KNETKM, aPeCHON AOCTaBKY BeLLeCTB B
06nacTb 61oTKaHN ¥ H1006BEKTA, PaHHee 0bHapy-
XeHue B1onoruyeckux areHTos.

Kntouesbie croea: cKaHupyIowias 3043085 MUKpoCKonus,
06pabomka, aHmMUGLOMUKOPE3UCMEHMHOCMb, GUoMeduyuHa
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Competent opinion
"Altayvitamins". The Path and Prospects of the
Domestic Pharmaceutical Pioneer

Yu.Koshelev

Nanotechnologies

The investigation of membrane element with thin-film
nanostructured magnetostrictive layer in variable
magnetic field

V. Amelichev, S Generalov, S.Nikiforov,

D.Gorelov, D.Crigoriev

The results of investigations of figurine-shaped membrane
element with thin-film nanostructured magnetostrictive layer
in variable magnetic field have been presented. The perspective
of manufacturing microsystems for conversion of magnetic field
into the mechanical displacement of a thin membrane has been
discussed.

Keywords: flexible printing compositions, elastomer, stretchable
electronics

Vapour Phase Epitaxy as the Key Technology for Power
MIS -transistors Based on Silicon Carbide

AAfanasiey, V.Ifjin, /Luchinin, A Mikhailov

Paper reports on features of SiC epitaxial growth in 4H-SiC
vertical power MOSFET fabrication technology: for the drift

ayer formation and electrical properties optimization of the
transistor channel. SiC components of power electronics have
several advantages in comparison with traditional silicon

ones. These components are characterized by higher electrical
breakdown voltage, low active area resistance, high operating
frequency, low losses at switching, high values of peak operating
temperature and switching power density. Technologies of volume
and epitaxial growth are the elements which enabled to create

an electronic component basis for the 4H-SiC-based power
electronics. Improvement of the epitaxial growth technology and
quality of substrates permit to prepare instrument structures

that demonstrate an advantage of SiCas the material of power
electronics compared to other semiconductors.

Keywords: silicon carbide, epitaxy, power electronics, MOSFET, drift layer,
buried channel

Biomolecular computer: current

state and trends of development

D.Ryazantsev, E Kuznetsov

Existing silicone computer technologies are coming

to theoretical limit of scaling. The new breakthrough
technologies with the help of which it will be possible to
overcome these limits of scaling in the devices of information
processing are required. One of the alternative approaches

is to apply biomolecular chemical reactions for computation.
Implementations of such computation based on DNA, proteins
and molecular systems are reviewed.

Keywords: Molecular computation, DNA nanotechnology, molecular
machine, biochemical information processing

Dynamic diffusion in binary composites measured by
nuclear magnetic resonance

O.Posnansky

Self-diffusion of water molecules measured with nuclear
magnetic resonance (NMR) explores composite soft matter
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KomMmneTreHTHOE MHEeHue

“AnTanBuTamMuHbI". TyTb M NePCneKTUBbI NMOHEpa

0Te4ecTBeHHON (hapMaLeBTUKH
10 Kouwenes

HaHoTtexHonormm

UccnepoBaHre MeMbpaHHOro 1eMeHTa C TOHKOMe-
HOYHbIM HAHOCTPYKTYPUPOBAHHBIM MArHUTOCTPUKLW-
OHHbIM C/10eM B nepeMeHHOM MarHUTHOM none

B Awenuues, C.lenepanoe, C.Hukugopos,

[1.Topenos, 1.Tpuzopbes

ccnenoBaH U10XHONPOGUNPOBAHHbINA MeMOpaHHbIN
371eMEHT C TOHKOMIEHO4HbIM HAHOCTPYKTYPUPOBAHHbIM
MarHUTOCTPUKLIVIOHHBIM CI0eM B NlePEMEHHOM MarHTHOM
none. MoKa3aHb| NepcreKTVBbI MIKPOCVCTeM NPeobpasoBaHits
MArHUTHOrO N0/ B MeXaHI4eCkoe fepemeLLIeHiAe TOHKOV
MeMBpaHbl.

Knro4esbie caosa: 2u6Kuie nesamHbie Cocmagbl, acmouemp,
PACIIALBENAS 3AeKTPOHUKA

la3o¢asHas INUTaKCKS — KIK04EBas TEXHONOTUS
cunoBbix M/T-TpaH3MCTOPOB Ha Kapbuae KpeMHus

A AdaHacees, B./nbuH, BJTyunuH, A Muxatinos
PaccMOTpeHbl 0COBEHHOCTV MPUMEHERNS! 1 BO3MOXHOCTI
ra30(ha3HOV IMUTAKCUY B TEXHONOTAN M3TOTOB/IEHIAS CUIOBBIX
BepTUK/IbHLIX MLT-TpaH3MCTOPOB Ha 0cHoBe 4H-SIC npn
(GOpMIPOBaHIM ZipeiidoBOin 06MACTV NPBOpa v OMTUMI-
3aLMV 3NEKTPOGYNHECKIX CBOMCTB KaHa/1a TPaH3MCTOpa.
CTeXHONOrM4eCkor TOHKV 3pEHINS KITHO4EBLIMM eMeHTaMu
V18 CO3aHMS KapOraOKPEMHIEBbIX KOMMOHEHT CAI0BOM
J1EKTPOHIKM, OTIPEAEMBLLIMMIA BO3MOXHOCTb CO3AAHMS ek
TPOHHOW KOMTMOHEHTHOI 6a3bl (SKE) CU10BOV MEKTPOHMKY Ha
4H-SIC, 9BnSOTCS TeXHONOMMY 06LEMHOTO M 3MUTAKCUILHOM
POCTA. YIyLLIEHVE TEXHONOM MM MUATAKCUILHOO POCTA HapsLy
CYNyuLUEHMEM K4ECTBA MOZJIONEK CANAI0 BO3MOXHbIM
1370TOB/IEHME NPUOOPHDIX CTPYKTYP, AEMOHCTPUPYHOLLMX Mpev-
MyLL{eCTBA kapbia KpemHwst Kak 6330BOr0 MaTepuaia CunoBoM
INEKTPOHNKM 110 CPABHEHMIO C APYTVIMY MO/YTIPOBOAHMKAMM
Knrouesbie croea: kapbua kpemHus, 3nUMaKCLs, CUA0Bas! 3neKmpo-
Huka, MAT-mpar3ucmop, 3a2nybaeHue KaHana

broMonexynspHbIi KOMNbIOTEp:

COBPEMEHHOE COCTOSHUE W HanpaBeHuns pasBuTus
[1.Pa3axues, E.Ky3Heuos

KpemHueBble KOMNbIOTEPHbIE TEXHONOT MU MOAXOAAT
K TEOpeTUYeCKoMy Npeeny MacluTabupoBanms.
TpebytoTcs HoBble, TPOPLIBHbIE TEXHONOTUH, C
TNOMOLLbI0 KOTOPbIX MOXHO NPEOAONETh OTpaHuye-
HMS MacwTabuposaHns B yCTPOMCTBAX 06paboTki
UHdOpMaLMK. B paboTe paCCMOTPeHbI anbTepHaTHB-
Hble peanu3alynm Takux BblYUCIeHn Ha ocHose AHK,
6eNKOB 1 MONEKyNSPHBIX CUCTEM.

Knrouesbie cnosa: monexyaspHbie 8biyucaenus, HK-
HAHOMeXHoAO2UL, MOAEKYASIPHblE MALLUKbI, BUO3NEKMPOHUKA

[JinHamuyeckas aud¢y3ns B GUHAPHBIX KOMNO3UTAX,
U3MepeHHas ¢ nomoLbio AMP

O.[03HAHCKLL

Camoanddy3us Monexyn BoAbI, U3MePEHHbIX C MOMOLLbI
AMP, no3sonser ucciesoBarh reteporeHHoe BeLLecTBo



