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TPAH3UCTOPHbIN AEANTE/b HAMPSXKEHUA NS MOMC

HA MEPEKOYAEMbIX KOHEHCATOPAX

MpeCTaBneHbl pe3ynbTaThl 3KCMEPUMEHTANbHbIX W TEOPETUYECKMX MCCIeA0BaHMNA

0cobeHHoCTeN paboTbl HecTPaHCHOPMATOPHbIX AeNuTeNelt HaNpSKEHNS C TPAH3NCTOP-

HO-AMOAHOI KOMMYTALMEN Nepeko4aemblX KOHAEHCATOPOB NS MUKPO3NEKTPOMEXa-

HUYeCKux cucTeM. TPOBEAEH aHanu3 0COBeHHOCTeN GYHKLMOHMPOBAHNS AenuTenei

npv paboTe 0T NOCTOAHHO NOAKMIOYEHHOTO UV NOAKNKOHAEMOTO NEPUOANYECKH UCTOY

HVKa HanpsXerus V, HeorpaHNyeHHOM MOLHOCTY. YcTaHoAeHo, yTo KMJ aenntens

npu paboTe OT MOCTOAHHO NOAKMOYEHHOTO NEPBUYHOMO UCTOYHMKA HanpskeHns V,

Heor paHyeHHOM MOLLHOCTY 04eHb Man, a NPy paboTe 0T TaKOro UCTOYHMKA, NOAKAI0-

4aEMOro NepuOANYECKM, MOXET AOCTUraTh 60%. YCTaHOB/IEHO, YTO, B CXeMaXx C TpaH3N-

CTOPHO-AMOAHOM KOMMYTALMel KOHAGHCATOPOB CTabunmsupyiowmni 3ddeT 3Haun-

TENbHO CUAbHEE, YeM B CXeMaX C AMOAHON KOMMYTaLMel KOHAEHCATOPOB.

KnroyeBble cnoBa: fenuTens HanpsHxeHns, COBCTBEHHas eMKOCTb AMO0B, COMpO-
TUBNEHME HArPy3Ku, NepeK4aEMble KOHAEHCATOPbI, aHANUTUYECKHE BLIPAKEHS.
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MAPAMETPbI NJTA3Mbl U KWHETUKA AKTUBHbIX YACTUL,
B 6POMWUCTOM BO/JLOPOJIE: BO3BPALLEHUME K BONPOCY
MpOBeAEHO MCCNea0BaHME 3eKTPOGM3MYECKIX NapaMeTPoB U COCTaBa Maasmbl BY
(13,56 MT'Ly) MHAYKUMOHHOO pa3psaa B GpomucTom Bogopoge. MpeanoxeHa U e-
pUGMLMPOBAHA MOLENb MAa3Mbl, KOPPEKTUPYIOLAS HEAOCTaTKU MPeALeCTBYOLLMX
paboT B nnaHe yyéra reTeporeHHoV pekoMbuHaLMM aTOMOB M TeMneparypbl rasa.
V3y4eHbl ¥ MHTEPNIPETUPOBAHbI MEXaH3Mbl BASHMS JaBNEHUS ra3a W BKNajbiBae-
MOV MOLHOCTY Ha CTALWMOHAPHbIE KOHLEHTPALMM HENTPAbHBIX 1 3apAXEHHBIX Yac-
TUL. TIPOBEAEH MOAENbHbIA aHaNM3 MOBEAEHNS CKOPOCTEN TPaBAeHNUA NPy BbICOKON
W HU3KOV NETY4eCTV NPOAYKTOB B3aMMOZENCTBS.
KntoyeBble cnoBa: GpOMUCTLI BOZOPOA, MNa3Ma, MOHM3ALWS, ANCCOLMALNS,
KMHeTIKa, CKOPOCTb TPaB/IeHNA, NapaMeTpbi nnasmbl.
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TRANSISTOR VOLTAGE DIVIDER FOR MEMS BASED

ON SWITCHED CAPACITORS

The results of experimental and theoretical studies of the operation of transformerless
voltage dividers with transistor-diode commutation of switchable capacitors
for microelectromechanical systems are presented. The analysis of the divider features
during operation with a constantly connected or periodically connected voltage
source V, with unlimited power is carried out. It has been found that the efficiency

of the divider during operation from a permanently connected primary voltage source V,,

with unlimited power is very small, but during the operation from this source connected

periodically, it can reach 60%. It has been found that for the circuits with transistor-
diode commutation of capacitors the stabilizing effect is much stronger than for circuits
with diode switching of capacitors.
Keywords: voltage divider, intrinsic capacitance of diodes, load resistance,
switchable capacitors, analytical expressions.
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PLASMA PARAMETERS AND ACTIVE SPECIES KINETICS

IN HYDROGEN BROMIDE: REVISITED AGAIN

The investigation of electro-physical plasma parameters and composition under

conditions of RF (13,56 MHz) inductive discharge was carried out. The model revising

drawbacks of previous works in respect to heterogeneous loss of atomic species and
gas temperature was suggested and verified. Mechanisms determining the influence of
gas pressure and input power on steady-state densities of neutral and charged species
were studied and explained. The model-based analysis of etching rate behaviors in cases
of high and low volatile reaction products was performed.
Keywords: Hydrogen bromide, plasma, ionization, dissociation, kinetics, etching
rate, plasma parameters.
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METO/ CHWXEHWS LER-2OOEKTA NPU CO3AAHWN SNIEMEHTOB

WHTErPAJIbHOU ®OTOHUKK

B CTaTbe NpoaHanu3MpoBaHbl 1 NPpeaCTaBaeHbl OCHOBHbIE GaKTOPbI, CNOCOBCTBYIOWME

noseneHmnio LER-3bdexta, 0c06eHHOCTM Nepefady UCKAXEeHNI Macku B CO3AaBAEMble

CTPYKTYPbI, @ TAKXEe METOAbI MCCEL0BAHWS HEPOBHOCTEN KPAEB MMHMIA MACKV W MOp-

$ONorM NOBEPXHOCTU GOPMUPYEMbIX HAHOPAa3MepPHbIX CTPYKTYP. MPoaHaN3MpoBaHO

BAWSHWE TOrPadUYeCKOro NPOLLECCa 1 TEXHONOMAM NepeHoCa PUCYHKOB 3NeMeHTOB

DOTOHHbIX WHTErPabHbLIX CXEM HA Ka4ecTBO MOBEPXHOCTM CO3AABAEMbIX CTPYKTYP.

Mccnenosanbl MpUYMHbI M3MEHEHUS MOPPONOTN 1 KMKo4eBble GakTopbl, BANSIOLME

Ha LER-30dexT, npeanoxeHbl BO3MOXHbIE peLeHns. On1CaHbl MeTOAbI M PeAnoxXeHa

3KCNEPUMEHTaNbHAs TEXHONOTMS ANS YMEHbLIEHWUS HEPOBHOCTEN (OTOPE3NCTUBHON

MaCKK, BAMSIOLLME Ha XapakTepucTuky UC 1 GOTOHHBIX MHTErpanbHbIX CXeM, BKAKYas

ONTUMM3ALMIO MpoLiecca GOTOAUTOrPadUM, MCNONb30BaHME CMeLani3vupoBaHHbIX

MaTepuanos 1 TEXHOMOTUA WX HaHeCeHWs ANS CO3LAHWA CNOEB aHTMOTPAXAKoLLMX

MOKPBITUIA M OKECTKIX MACOK, & TAKXe NPUMEHEHIE JOMONHUTENbHbIX TEXHONOT U U Me-

70008 06pabOTKM NOBEPXHOCTY GOPMUPYEMbIX CNIOEB.

Kntoyesble cnoBa: LER; LWR; HepOBHOCTY QOTOPE3NCTMBHOM MaCKi, GOTOHHbIE
WNHTErpanbHble CXeMbl, LIEPOXOBATOCTb MPUHDI IMHUMN.
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METHOD OF REDUCING LER-EFFECT WHEN CREATING ELEMENTS

OF INTEGRATED PHOTONICS

The paper analyses and presents the main factors contributing to the LER effect,

th features of mask distortion transfer to the created structures, as well as methods

of investigating the roughness of mask line edges and surface morphology of the formed
nanoscale structures. The influence of the lithographic process and the technology
of transferring patterns of photonic integrated circuits elements on the surface quality
of the created structures is analysed. The causes of morphology change and key factors
influencing the LER-effectareinvestigated, and possible solutions are proposed. Methods
are described and experimental technology is proposed to reduce the roughness of the
photoresistive mask affecting the characteristics of ICs and photonic integrated circuits,
including the optimisation of the photalithography process, the use of special materials
and technologies of their application to create layers of anti-reflection coatings and rigid
masks, as well as the use of additional technologies and methods of surface treatment
of the formed layers.

Keywords: LER; LWR; photoresistive mask roughness, photonic integrated circuits,

line width roughness.
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NOAYYEHHbIX NEYATHbIMW METOAAMU

B CTaTbe paccMOTpeHbl MepcnekTUBLI Pa3BUTUS MEYATHOW INEKTPOHUKN B YACTH U3r0-
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LINE EDGE ROUGHNESS GENERATED IN CHEMICALLY
AMPLIFIED PHOTORESIST
The review examines the chemical and physico-chemical phenomena leading to the
appearance of line edge roughness of nanoscale topological structures formed by
photoresists with chemical amplification, as well as various technological techniques
that allow reducing the roughness value and increase the resolution.
Keywords: photoresist, chemical amplification, line edge roughness.
Data of author:
Kuznetsova Nina A., Doctor of Sciences in Organic and Physical Chemistry.
JSC "Organic Intermediates and Dyes Institute’, 141701, Moscow region,
Dolgoprudny, Lihachevsky passage, 7, e-mail: nakuznetsova@niopik.ru

EXAMINATION OF TRANSISTOR CHARACTERISTICS DERIVED THROUGH

PRINTED TECHNOLOGIES

The article discusses the prospects for the development of printed electronics

in the manufacture of active elements, namely field-effect transistors, using inkjet and

aerosol printing technologies with partial application of photolithography methods
for the manufacture of higher-resolution structural elements. A comparative analysis
of the achieved world-class results has been carried out to obtain estimated
characteristics of the devices under consideration, in particular, the speed of charge
carriers and the ratio of currents in the open and closed state.
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OYHKLMA TPUHA U T-ONEPATOP PACCESIHMSA B 3AAAYAX
0 PACMPOCTPAHEHWM MNA3MOHHbIX U CIMHOBBIX BO/IH B OTKPBITBIX
W 3AKPBITbIX AUINEKTPUYECKUX U MATHUTHbBIX CTPYKTYPAX
Pa3BuTa TeXHUKA QYHKLMM [PUHA M aHAnOora KBaHTOBO-MeXaHM4eckoro T-onepatopa
PACCeaHus Ang 13y4eHus pacnpoCTpaHeHs NAa3MOHHDIX 1 CYHOBLIX BOMH B OTKPbITbIX
(cBOGOAHOE MPOCTPAHCTBO) W 3aKPbLITbIX (BONHOBOAL) AM3NEKTPUYECKIX (METannYe-
CKYX) 1 MarHUTHBIX HAHOCTPYKTYPaX. TeXHMKA OCHOBLIBAETCS HA OPUTMHAIbHOM WHTe-
rpanbHoOM ypaBHeHUM IunnmaxHa-LLIBuHrepa ang TeH3opHoro T-onepatopa paccesHua
[VINEKTPUYECKOW AN MArHUTHOM YacT/Lbl € 3GGEKTVUBHBIM PaCcCenBAIOLLMM NOTEH-
LMaNOM, COAEPXALLMM COCPELOTOHEHHYIO HA MOBEPXHOCTM YACTULLbI YaCTb, 1 NpaBuAe
BaTcoHa komMno3uLmy T-0NepaTopoB paccesHus aHcambas YacTuL, NpuBeagH NpocToi
CNocob pewweHns ypasHerus JunnMaqHa-LLBKHrepa B kBasn-cenapabensHoit Gopme
W MOKa3aHO, YTO MONYYEHHO PeLleHie YA0BNETBOPSET OMTUYECKON TeopeMe B CBO-
60/HOM NPOCTPAHCTBe.
Kntouesble cn10Ba: PaccesHue, NNa3MoHHast BOMHA, CNMHOBAS BOAHA, Teopus My,
ONTIYeCKas Teopema.
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TEPMOANHAMUYECKUE CBOWCTBA FEKCATOHANBHOI

1 KYBMYECKOWN ®A3 PYTEHMS B KBA3UT APMOHWYECKOM MPUB/MKEHUM

PyTeHWIA SBASIETCA NEPCNEKTUBHLIM MaTepyanoM Ans NpUMeHeHus B M KPO3NeKTpO-

HYIKe B KayecTse ANGGY3MoHHOro HapbepHOro €08, NPefOTBPALLAILLEr0 ANPOY3Mio

Meau, MW B Ka4ecTBe MOMHOLEHHOW 3aMeHbl Meay Kak OCHOBHOrO MPOBOAHMKA B Ci-

(Teme MeTannmu3aLmum. JoMmHmpyowel Gason 06bEMHOMO pyTeHNs, WMPOKO 13y4eH-

HOrO W OMMUCAHHOrO B NTEPATYpe, SBNSETCA rekcaroHanbHas pelwéTka, B T0 Bpems

Kak MeHee CTabunbHOMY rpaHeLeHTPUPOBAHHOMY KYBMHECKOMY PYTEHHIO NOCBALLEHO

BCEro Heckobko paboT, 1 MHOrMe ero CBOWCTBA OCTAHOTCS HEW3BECTHbIMM. B iaHHON

paboTe NpeACTaBneHbl Pe3ynbTaTbl PACYETa 13 NEPBLIX MPUHLMMOB TEPMOAMHAMMYE-

CKVIX CBOWCTB TKCArOHaNbHOM 1 Ky614eckor $a3 pyTeHus C MCnonb3oBaHueM KBasu-

rapMOHUYECKOr0 NPUBAVKEHWS, NO3BONSIOLLErO MOAYYMTL TeMAepaTypHble 3aBUCUMO-

CTW NapameTpoB TBEPAOrO Tena C y4ETOM TENA0BOrO PaClUMPeHIst KpUCTanANYeckom

PELETKM.
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GREEN'S FUNCTION AND T-SCATTERING OPERATOR IN PLASMONIC
AND SPIN WAVE PROPAGATION PROBLEMS IN OPEN AND CLOSED DIELECTRIC
AND MAGNETIC STRUCTURES
Green function and quantum mechanical type T-scattering operator technique is
developed to study plasmonic and spin wave propagation in open (free space) and
confined (waveguides) dielectric (metallic) and magnetic nanostructures. The technique
is based on the original Lippmann-Schwinger integral equation for the tensor
T-scattering operator of a dielectric or magnetic particle with an effective scattering
potential containing the scattering part centred on the particle surface, and Watson's
rule for the composition of T-scattering operators of an ensemble of particles. A simple
method for solving the Lippmann-Schwinger equation in quasi-separable form is given
anditis shown that the resulting solution satisfies the optical theorem in free space.
Keywords: Scattering, plasmon wave, spin wave, Mie theory, optical theorem.
Data of author:
Barabanenkov Mikhail Yurievich, Institute of microelectronics technology
and high purity materials RAS, 6, Academician Ossipyan str, Chernogolovka,
Moscow Region, 142432, Russia, e-mail: barab@iptm.ru

ENERGY BARRIERS OF POINT DEFECTS MIGRATION
IN TIN FROM FIRST PRINCIPLES
Ruthenium is a promising material for use in microelectronics, either as a diffusion
barrier layer that prevents copper diffusion, or as a complete replacement for copper
in a metallization system. Its hexagonal lattice structure has been widely studied in
the literature, but there is still limited information available on the less stable face
centered cubic phase. This paper presents the results of first-principles calculations
on the thermodynamic properties of hexagonal and cubic phases of ruthenium using
a quasi-harmonic approximation. These calculations allow us to obtain temperature-
dependent thermodynamic solid body properties that take into account the thermal
expansion of the crystal lattice.
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