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CJIOBO PEOAKTOPA

YBAXAEMDIE HATATEJIN!

ITepen BamMu o4epeSHOM 185-1 BBIIIyCK HAy4YHO-TeX-
HHUYEeCKOro M3JaHMs «DJIeKTPOHHAA TexHHUKa. Cepud 3.
MUKPO3/IeKTPOHUKA?Y .

B maHHOM HOMepe KypHa/la BHUMaHHe YHTaTeler
IIPUBJIEKYT TeMaTH4YeCKHe MaTepHasbl, onybIuKo-
BaHHBIe I10J] pybprKkamu: «Pa3paboTKa U KOHCTPYHPO-
BaHHe», «IIpoLecchl U TeXHOJIOTHUs», «CBOKMCTBA MaTe-
puanoB», «MaTemMaTHYeCKOe MOIeTHPOBAHMEY .

BhIIyCK >KypHaja IIPe[CTaB/lIeH BOCEMbIO OPHUIH-
HaJIbBHBIMHU CTaThMH, IIOCBALIEHHBIMHU pe3y/JIbTaTaM
aKTyaJIbHBIX Hay4YHBIX UCCIeJOBAHUU.

Homep oTKpbIBaeTcs paszenom «Pa3paboTKa U KOH-
CTpPyHpOBaHHe», B I1ePBOL CTaTbe KOTOPOLO PacCMOT-
PeHBI OCHOBHBIE TeXHOJIOIMYeCKHe U HHCTPYMeHTa/Ib-
Hble 0COOEHHOCTH pa3paboTku QoTOImabIOHOB s
JIUTOTPaUHU C IIPOEKTHBIMH HOPMaMHU 28 HM H IIpOBe-
JeHO HX COIIOCTaBJIeHHe C TeXHOJIOTHel IIPOM3BO/CTBA
CBHUC ¢ mpoeKTHBRIMH HOpMaMH 90 HM. Bo BTopom
paboTe pasgena mpeCcTaBIeHHI B CXeMBbl HOBOTO BbI-
coxoBonbTHOr0 KMOII mmpeobpa3oBaTesiss ypOBHSI Ha-
[IPSDKeHUS [JI HU3KOBOJIBTHOIO TeXHOJIOTMYEeCKOIo
mporecca - HBIIYH-1 u HBIIYH-2. B Tpetbelt pabore
IIpelCTaB/IeHbl pe3yJbTaThl Pa3paboTKH yCTPOMCTBA
IJIs peruCTpaliMd MBIIIEYHON aKTHBHOCTH MeTO-
JOM IIOBEPXHOCTHOM 3/1eKTPOMHOIpPadUU Ha OCHOBe
SOMI-maT4yMKa II0BEPXHOCTHOTO THIIA.

B pasnene «IIporecchl M TeXHOIOTHUS» PACCMOTPEHO
IIePCIIeKTUBHOe HallpaBJeHHe Pa3BUTHUS MHUKPO3JIeK-
TPOHHKH Ha 6a3e MHOTOKPHCTAJIbHBIX COOPOK — UHII-
JIETOB.

B crenyromert pabore pasjena pacCMOTpeHa AMHA-
MHKa MHUKPOYACTHUIL] B IIOIPAHUYHOM I'PaJHEeHTHOM
IIOTOKe Y ITOBEPXHOCTH IUIACTHUHBI IIPH Ta30$a3sHOM
TepPMHYECKOH U IIJIa3MeHHOM 06paboTKe U ee BIHSHUE
Ha JedekroobpasoBaHHUe.

Cremyromur pasfen «CBOMCTBA MaTepHaIoB» IIO-
CBSIIIEH PACCMOTPEHHIO MEMPHUCTOPHBIX CTPYKTYP C I10-
PHUCTBIMU MaTepHalaMU B KauecTBe 6ydepHOro cJiosl.

B mepBoil cTaTbhe 3aKJIOUYMTENIBHOIO pasjena

«MaTeMaTH4YeCKoe MOJEIHUPOBAHMEe» IIPeICTaBIeHO
MOJIeIUPOBaHHE XMMHYECKHUX ITPOLIECCOB B PeakTope
IIOHM>KEHHOI'0 JaB/IEHHS IIPU IIPOBEeIeHHH IIpoLecca
OKM(CJIeHH S C TeHepaltel [apa y IT0OBepXHOCTH KpeM-
HHEBOM IUIACTHHBI Ha YCTAaHOBKe OBICTPOrO TEPMH-
YeCcKOro OKHCJIEHHsI. Bo BTOpOH cTaTbe IIOC/IeHEro
pasmena IIpUBeNEeHBI Pe3y/bTaThl IIOJIHOBOJTHOBOIO
TPeXMEPHOI0 3JIeKTPOMAarHUTHOTO MOJE/IHMPOBAHU S
MeTOZIOM KOHEUHBIX 3/IeMeHTOB B YaCTOTHOM 06/1acTh
LGA xopmyca MHKpocxeM Ajisl mocTpoeHHs RLC Mo-
JleJId BBIBOZA KOPITyca.

ITpurnaamaeM BceX 3aHHTePeCOBAaHHBIX YHUTATelen
K COTPYyHHUYeCTBY!

Cysaskenuem,
2AasHbLil pedakmop xypHaaa,
akademuk PAH,
I'.4. KpacHukos
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AHHOTALNU

ABSTRACTS

CNELIMOUKA NEPEXOAA K TEXHOIOTMU «28 HM» B YACTU PA3PABOTKMU

®OTOLUAB/IOHOB /151 NPOEKLIMOHHOMN GOTOIUTOrPAGUM

B yCNI0BMSX TeKyLLEro ypoBHs Pa3BuUTHS POCCUIACKOI MUKPO3NEKTPOHIKY NEPexoz K Npo-

eKTHDIM HOpMawm «28 HMP BNeYeT HeobXOAMMOCTb UCMIONb30BaHMS kak 60nee coBepLueH-

HbIX IMTOrPadU4ecKX YCTaHOBOK 1 (OTOLLABN0HOB 60/1ee BLICOKVX FPyNN Ka4ecTsa, Tak

11 HOBbIX 19 OTEYECTBEHHbIX Pa3PaboTHMKOB BLIYMCIUTENbHbIX METOA0B, MPUMEHSEMbIX

MpV NPOEKTPOBaHNM GOTOLIABAOHOB. B CTaTbe NPON3BOAMTCS 0630p OCHOBHBIX Kacato-

Lyxcs paspaboTki OLL TeXHONOTNYECKUX W MHCTPYMEHTaNbHbIX OCOBEHHOCTEN, Xapak-

TepHbIX 418 IMTOrPaduM NPOEKTHBIX HOPM €28 HMY, B CPaBHEHIM C Hanbonee CoBpeMeH-

HOW 13 MIMEtOLLIXCS B POCCHM CEPUIHBIX TEXHONOT U NPOM3BOACTBA CBIC — TexHonorven

MPOEKTHbIX HOPM €90 Hi».

KntoueBble €noBa: npoekuyMoHHas dotoautorpadus; GOTOWA6AOH, TOYHOCTb
COBMELLIEHNS, KPUTUYECKME NMHEIHbIE pa3Mepbl, CIeLUUKALMS Ha GOTOLIABNOH,
YPOBEHb “90 HM?, YPOBEHD €28 HMY.

CBepeHus 06 aBTopax:

baniaH HukinTa Hukonaesny, KaHaMAAT TEXHUYECKUX HAYK,
AO “Hay4Ho-1CCIER0BATENLCKIV MHCTUTYT MOJIEKYISPHOMN 31EKTDOHUKY,
124460, Poccus, 1. MockBa, 1. 3eneHorpag, yn. Akagemka Banvesa, 6/1,
e-mail: nbalan@niime.ru;

V1BaHoB Biagummnp BUKTOPOBUY, KaHANAAT U3NKO-MaTeMaTnyeckux Hayx,
AQ «Hay4HO-1CCAER0BATENbCKN MHCTUTYT MOIEKY/ISDHO MEKTDOHUKIY,
124460, Poceus, r. MockBa, T. 3eneHorpag, yi. Akanemvka Banmvesa, 6/1,
e-mail: viaivanov@niime.ru;

Ky308Kk08 Anexcen Banepbesuy, AO «Hay4HO-UCCIe0BaTeNIbCKUA MHCTUTYT
MOIEKYNISIDHON 31EKTPORMKWY, 124460, Poccns, r. Mockea, r. 3esieHorpag, yi.
Akapemvika Basmesa, 6/1, e-mail: akuzovkov@niime.ru;

IMaHkparos Anekcanap /ooy, AO «Hay4HO-MCCAER0BATENbCKI MHCTUTYT
MOJIEKY/ISPHON INEKTPOHMKMY, 124460, Poccus, . Mocka, r. 3eneHorpag,

V1. Akagemuka Baavesa, 6/1, e-mail: apankratov@niime.ru;

Cokonosa Esrenus BacubesHa, AO «Hay4HO-MCCAER0BATENLCKIY MHCTUTYT
MOIEKYNISIDHON 31EKTPORMKWY, 124460, Poccns, r. Mockea, . 3esieHorpag,

V1. Akagemuka Bavesa, 6/1, e-mail: evsokolova@niime.ru;

XapderKo Exarepuna JleoHnosHa, AO «Hay4HO-UCCIe0BaTENbCKUA MHCTUTYT
MOIEKYNISIDHON 31EKTPORMKWY, 124460, Poccns, r. Mockea, r. 3e/ieHorpag,

V1. Akagemuka Baavesa, 6/1, e-mail: ekharchenko@niime.ru;

LLirnmH vntpuii CBATOCIABOBUY, KaHVAAT PU3NKO-MATEMATUYECKNX HAYK,
AO “Hay4Ho-1CCIER0BATENbCKIA MHCTUTYT MOIEKYISIPHON 3NIEKTPOHMK
124460, r. Mocksa, r. 3eneHorpag, yn. Akagemmka Bamesa, 6/1,
e-mail: dshipitsin@niime.ru

HOBbII BbICOKOBO/ILTHbIA KMOT MPEOEPA3OBATE/Tb YPOBHS
HAMPAXEHUS
B cTaTbe npeacTaseHbl A4Ba BbICOKOBONLTHLIX KMOM npeobpa3osarens ypoBHs Hanps-
XeHus. OnucaHbl 0C06eHHOCTY NOCTPOEHIS U paboTbl BbICOKOBOALTHOrO KMOM npeot-
pa3osartend, UCMoNb3yIOLLEro HU3KOBOMLTHbIE TPAH3NCTOPLI. MpUBEaEHbI PesynbTaThl
CPaBHEHWS CXeM Pa3an4HbIX BbICOKOBOALTHBIX KMOTT npeobpasoBaTtenei ypoBHs Hanps-
KEHA N0 BLICTPOZENCTBMIO. [PeNI0OXKeHHbIE BaUAHTbI CXeM BbICOKOBOMLTHbIX Mpeabpa-
30BaTenel YpoBHA HanpsKeHNA Mo HLICTPOLLMCTBMIO NPEBOCXOAAT M3BECTHBIE HE MeHee
4em Ha 14% 1 GopMUPYIOT BLIXOAHBIE CUTHAbI C MEHbLUMMIA MCKKEHNAMM.
Knrouesble cnoa: KMOTT, cxemoTexHuKka, Npeobpa3oBaTent YpOBHS HanpsKeHws.
CBepeHus 06 aBTopax:
LLly6uH Bragvmnp BAaanm1poBIY, KaHAWAAT TEXHUHECKWX HayK, HOBOCHOMPCK
FOCYAAaPCTBEHHbIN TeXHNYeCKH yHuBepcuTeT, 630073, r. HoBOCMBMPCK,
np. K. Mapkca, 20, e-mail: shubin@nzpp.ru;
Konockos imutpun bopucosus, HOBOCUBPCK FOCY4aPCTBEHHBIN TEXHUYECKUA
yHuBepcuTeT, 630073, r. HoBocubmpck, nip. K. Mapxca, 20,
e-mail: dimakoloskov2009@gmail.com

A 28 NM TECHNOLOGY SHIFT SPECIFICS WITH REGARD
TO PHOTOMASK DESIGN
The transition to 28 nm-node technology by russian IC manufacturers entails the need
to use both more advanced lithographic tools and photomasks of higher grades, as well
as new computational methods used in the mask design preparation. This article provides
anoverview of the main technological and instrumental differences between critical layers
lithography in 28 nm-node and available in Russia now 90 nm-node.
Keywords: photolithography, photomask, overlay accuracy, CD errors budget,
photomask specification, 90 nm-node, 28 nm-node.
Data of authors:
Balan Nikita Nikolaevich, Candidate of technical sciences, «Molecular Electronic
Research Institute», Stock Company, 6/1, Akademika Valiyeva street, Zelenograd,
Moscow, Russia, e-mail: nbalan@niime.ru;
Ivanov Viadimir Viktorovich, Candidate of physical and mathematical sciences,
«Molecular Electronic Research Institute», Stock Company, 6/1, Akademika Valiyeva
street, Zelenograd, Moscow, Russia, e-mail: viaivanov@niime.ru;
Kuzovkov Alexey Valerievich, «Molecular Electronic Research Institute»,
Stock Company, 6/1, Akademika Valiyeva street, Zelenograd, Moscow, Russia,
e-mail: akuzovkov@niime.ru;,
Pankratov Alexander Lvovich, «Molecular Electronic Research Institutes,
Stock Company, 6/1, Akademika Valiyeva street, Zelenograd, Moscow, Russia,
e-mail: apankratov@niime.ru;
Sokolova Evgeniya Vasilievna, «Molecular Electronic Research Institute,
Stock Company, 6/1, Akademika Valiyeva street, Zelenograd, Moscow, Russia,
e-mail: evsokolova@niime.ru;
Kharchenko Ekaterina Leonidovna, «Molecular Electronic Research Institute»,
Stock Company, 6/1, Akademika Valiyeva street, Zelenograd, Moscow, Russia,
e-mail: ekharchenko@niime.ru;
Shipitsyn Dmitry Sviatoslavovich, Candidate of physical and mathematical sciences,
«Molecular Electronic Research Institute», Stock Company, 6/1,
Akademika Valiyeva street, Zelenograd, Moscow, Russia, e-mail: dshipitsin@niime.ru

A NEW HIGH-VOLTAGE CMOS VOLTAGE LEVEL SHIFER
This paper presents a new high-voltage CMOS voltage level shifter circuit design.
The construction and operation features of the high-voltage CMOS converter with low-
voltage transistors are described. The results of comparing the various high-voltage
CMOS voltage level converter circuits on speed are presented. The proposed variants of
high-voltage CMOS voltage level converters, in comparison with the alternative circuit
design, havea higher speed (at least for 14%) and form output signals with less distortion.
Keywords: conversion technology, CMOS, circuits design, voltage level converters.
Data of authors:
Viadimir Viadimirovich Shubin, Candidate of Technical Sciences, Novosibirsk State
Technical University, 20, K. Marx Ave., Novosibirsk, 630073, e-mail: shubin@nzpp.ru;
Dmitrii Borisovich Koloskov, Novosibirsk State Technical University, 20, K. Marx Ave.,
Novosibirsk, 630073, e-mail: dimakoloskov2009@gmail.com
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AHHOTALUU

ABSTRACTS

YCTPOICTBO A/191 PETUCTPALIMM MbILIEYHON AKTUBHOCTM METOZIOM
MOBEPXHOCTHOM 3NEKTPOMMUOTPAGUM
B (Tatbe npeacTaBneHbl pesynbraThl pa3paboTky YCTPOWCTBA ANS PervcTpaumm
MbILUEYHOM aKTUBHOCTU METOOM MOBEPXHOCTHOM IneKTpoMMOrpadum — Cxema nek-
TpHYeckas GyHKUMoHanbHas IMI-AaT4MKa NOBEPXHOCTHOrO TUMA, 06LAs GyHKLMO-
HanbHas Cxema YCTPOMCTBA C OMMCaHMEM OCHOBHIX Y3108 (KOMMOHEHTHOM 6a3bl) 1 WX
B3a/MOAENCTBMS MeXZY COBOM. M0Ka3aHbl pe3ynbTaThl 3KCMePUMEHTaNbHbIX PaboT o
PEruCTpaLyi MbILLEYHOM aKTUBHOCTY B 06/1aCTV Npeanneybs 340POBOW YenoBeyeckon
pyKu. TpOBEAEHO CPaBHEHVE PE3yNbTATOB, MOMYYEHHbIX C MOMOLLbIO Pa3paboTaHHOro
SMr-gatymka 1 SMI-4aTyvkoB OT NPOU3BOAMUTENEI-KOHKYPEHTOB. Ha OCHOBaHWM MO-
JIY4YeHHbIX Pe3yNbTaToB CAeNaHbl BbIBOAbI 06 3MEKTUBHOCTY PaboThl YCTPOMCTBA U BO3-
MOXHOCTSX €ro NpUMeHeHMS.
Kntouesble €10Ba: MbllleYHas akTUBHOCTb, MOBEPXHOCTHAS 3NeKTPOMMOrpacus,
SMT-garymK, cucTema ynpasneHus.
CBepeHus 06 aTopax:
Envcenyes EBrerii ANeKCaHapoBUY, Ha4a/bHuK CeKTOpa rpaxAaHCKou npoaykum
0TA€/a r1aBHOr0 KOHCTPYKTOPa AQ PoIBUHCKIV 3aBOA MIPUBOPOCTPOEHUSY;
CTapLUMA MperofasaTenb kageapbl «INeKTPOTEXHNKA 1 MPOMbILL/IEHHAS
1eKTpoHuKar ®rbOY BO PTATY umeru 1.A. ConoBbesa, I. PolbuHCK, 152925,
e-mail: EvgenijEliseichev@yandex.ru
Muxavinos Bragummp Bragummposny, KaHGAAT TEXHNHECKHX HAYK,
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TEXHO/IOrUSA YUNNETOB - MEPCMEKTUBHOE HANPAB/IEHUE PA3BUTUSA
MWKPOS/IEKTPOHWUKU 4151 POCCUN

B CTaTbe paccMaTpyBaeTCs NepcnekTMBHOE HanpaBneHue pasBiTyS MAKPOINEKTPOHMKN
Ha 6a3e MHOrOKPUCTaNbHbIX CHOPOK ~ YMMNETOB. 3TO HAMPaBAEHIE NO3BONSET CYLLECT-
BEHHO 3KOHOMWTb PECYPCbI HA CO3AaHME MUKPOCXEM AN CAMbIX Pa3INYHbIX MPUMEHEHIA,
MCMONb3YA KPUCTANNbI CO CTAHAAPTHBIMM MHTEPGECaMM KaK KyOuki CO CTaHAAPTHbIMA
pasmepami, NO3BONSOLMMM COBUPATH TPebyemMble GUrypbl. B Ka4eCTBE Takoro CTaHAap-
Ta NPeANaraeTcs 1Cnonb3oBaTh CTaHAAPT AIB. PacCMaTpUBATCA XapaKTePUCTUKA AaH-
HOro CTaHaapTa.

SKOHOMMYECKY MCMONb30BaHME YMMNETOB MOXET BbiTb TAKXKE 04eHb BbIFOAHO. B npo-
eKTe MOryT HE3aBMCMMO Y4aCTBOBATb KaK HEBOMbLLME, TaK U KPYMHbIE KOMMaHUM, YTO
M03BOANT 06BEANHUTH PECYPCbl OTEYECTBEHHDIX AM3AIH-LIeHTPOB.

KntoyeBble €10Ba: MUKPONPOLIECCOPLI, CACTEMBI B KOPMYCe, YMNAET, CTaHaapT

Intel AIB.
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DEVICE FOR RECORDING MUSCLE ACTIVITY

BY SURFACE ELECTROMIOGRAPHY

Thearticle presents the results of the development of a device for recording muscle activity

by surface electromyography. The developed electrical functional scheme of the surface

type EMG sensor and the general functional scheme of the device with a description
of the main nodes and their interaction with each other, are presented. The results of
experimental work on the muscle activity registration in the healthy human forearm
are shown. The results obtained using the developed EMG sensor and EMG sensors from
competing manufacturers are compared. Based on the results obtained, conclusions
about the efficiency of the device and the possibilities of its application are drawn.
Keywords: muscle activity, surface electromyography, EMG sensor, control system.
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CHIPLET TECHNOLOGY IS A PROMISING DIRECTION OF MICROELECTRONICS

DEVELOPMENT FOR RUSSIA

The article discusses a promising direction in the development of microelectronics

for creating chips based on multi-chip assemblies - chiplets. This direction allows you

to significantly save resources on the creation of chips for a wide variety of applications,
using crystals with standard interfaces as cubes with standard sizes that allow you to
assemble the required components.

It is proposed to use the AIB standard. The characteristics of this standard are
considered. The use of chiplets canalso be very beneficial to a variety of Russian companies.
Both small and large companies can independently participate in the project, which
will allow combining Russia’s small resources in terms of the number of designers and
the number of design centers.

Keywords: microprocessors, System-on-a-Chip, Chiplet, Intel AIB standard.
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IUHAMUKA MUKPOYACTWLL B MOrPAHNYHBIX TA30BOM U MNA3MEHHOM
CNoAX KAK ®AKTOP JE®EKTOOBPA30BAHWUA HA MOAJIOXKE
PaccMOTPeHbI CUAbI, AEACTBYIOLME HA MUKPOYACTMUDI, A TKOKE CKOPOCTY OCAXAEHNS U
PACCTOSIHMS BbIHOCA MUKPOYACTUL, B NOFPAHIYHOM TPaAUeHTHOM NOTOKE Y NOAA0KKA
BYCNOBWSX ra30()a3HOM TePMUYECKOM V1 MNa3MERHOM 06paboTki. BbiBEEHbI BbIPaXEHNS,
YYMTBIBAIOLLME KOMMEKCHOE BANAHME a3POAMHAMMKY, SNeKTPOCTaTUKY, Tepmodopesa
11 A3BNIEHNS MOHHO0 NOTOKA Ha ABVDKeHYe YacTLL. CAenaHbl OLLeHKM CKOPOCTeN 1 Xapak-
Tepa ABVKEHWS YacTuL kak (pakTopo AedekToobpazoBaHms Npy 06paboTke NOAN0XKeK.
KntoueBble €10Ba: MVKPOYACTMLLLI, NOTPaHUYHbIM CNOW, ra3odasHas 0bpaboTka
MO/OXEK.
CsefieHus 06 aBTopax:
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MCNOJIb30BAHME MOPUCTbIX MATEPUAJIOB B KAYECTBE BY®EPHOIO C/104
B MEMPUCTOPHBIX CTPYKTYPAX
0630pHas CTaTbs NOCBALLEHA MEMPUCTOPHBLIM CTPYKTYPaM C NOPUCTLIMU MaTep1anamu
B KayecTse bydepHOro cn1os. 1cnonb3osaxue AONONHUTENLHOMO MOPUCTOrO MaTepuana
K OCHOBHOMY MepeK/ItyaioLLiemy CI0k N03BOASET YMeHbLINTL pa3bpoc paboux napame-
TPOB MEMPHCTOPA, YBENNYTb KOMMYECTBO LIMKOB NEPEKIYEHNA 1 CTabUAbHOCTb BbICO-
KOOMHbIX 11 HI3KOOMHBIX COCTORHUN.

KntoueBble cn0Ba: MEMPUCTOP, GUAMEHT, NOPUCTLIA AUINEKTPUK.
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DYNAMICS OF MICROPARTICLES IN THE BOUNDARY GAS AND PLASMA LAYERS
AS AFACTOR OF DEFECT FORMATION ON THE SUBSTRATE
The forces acting on microparticles, deposition rates and removal distances
of microparticles in the boundary gradient flow at the substrate under conditions of
gas-phase thermal and plasma treatment are considered. Expressions are created that
take into account the complex effect of aerodynamics, electrostatics, thermophoresis and
ion flow pressure on particle motion. Estimates of the velocities and the nature of particle
motion as factors of defect formation in the processing of substrates are made.
Keywords: microparticles, boundary layer, gas-phase processing of substrates.
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APPLICATION OF POROUS MATERIALS AS A BUFFER LAYER IN THE MEMRISTOR

STRUCTURES

The review article is dedicated to the memristor structures with porous materials as a

buffer layer. Implementation of the additional porous buffer to the main switching layer

material makes it possible to reduce the scatter of the memristor operating parameters,
to increase the number of switching cycles and the stability of high-resistance and low-
resistance states.

Keywords: memristor, filament, porous dielectric.
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MOJE/MPOBAHMUE NMPOLIECCA ISSG OKUCIEHWUSA C NPUMEHEHUEM MOJENN
PEAKTOPA UAEAJ/IbHOrO CMELIEHUA
MpoBEAEHO MO/ENMPOBAHNE XUMUYECKUX MPOLIECCOB B PEaKTOPe MOHMKEHHOMO AaBne-
HA NPV NPOBEZeHM NPOLLECCa OKUCNIEHNS! C reHepaLivert napa y NOBEPXHOCTY KpeMHM-
eBOVI NACTUHbI (in situ steam-generation — 1SSG) Ha yCTaHOBKE 6bICTPOT0 TEPMUYECKOrO
okucreHns. C MCnonb3oBaHWEM MOAENM PeakTopa MAeasbHOro CMeLLeHms onpefeneH
C0CTaB 13080/ Cpefbl (KOHLEHTPALMM KOMMOHEHTOB CMeck) B 3aBUCUMOCTY OT BXOZ-
HblX NapameTpoB NPOLIECCa: TeMrepaTypbl, AaBNEHIS, PACXOA0B BOAOPOAR 1 KNCIOPOaa.
YCTaHOBNEHbI YCI0BMS 06PA30BAHIS B OKUCINTENLHON KaMepe MaKCUMabHOW KOHLIEH-
TpaLyv aToMOB KMCNOPOAa, ONpeaenstoLLmX NPOLeCC paanKanbHoro oKucaeHus. Mpose-
[ieHa 3KCNepUMeHTa/bHas BepUdMKaLMA pacyeta.

KntoueBble €n10Ba: paankanbHoe OKWCAeHWe, BbICTPbIA TepMUYECKr MPOLeCE,

PeakTop MAeasbHOr0 CMELLEHNS.
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ISSG OXIDATION PROCESS SIMULATION VIA WELL

STIRRED REACTOR MODEL

Simulation of chemical processesin a low-pressure rapid-thermal-processing (RTP) reactor

duringanin situ steam-generation (ISSG) process has been carried out. Using a Well Stirred

reactor model (WSR), the composition of the gas medium (species concentration) was
determined depending on the input parameters of the process: temperature, pressure,
hydrogen and oxygen gas flows. The conditions for the formation of the maximum oxygen
radicals concentration that determine the process of radical oxidation were clarified.
Experimental verification of the calculation was conducted.
Keywords: radical oxidation, rapid thermal processing, well stirred reactor.
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OMPEAENEHUE LC MAPAMETPOB KOPIMYCA UMC METOJOM
SNIEKTPOMATHUTHOIO MOAE/TMPOBAHUS C LLE/IbIO MOCTPOEHUA
BbICOKOTOYHOMW MOJENM BbIBO/IA KOPIMYCA HA BbICOKMX YACTOTAX
KpucTannbl MHTErpanbHbIX MUAKPOCXEM ANA 3ALUMThI OT BAUSHWSA OKPYXaloLlen Cpefbl
yallle BCEro NOMeLLATCA B KOPMYC. [Py 3TOM KOPMYC, UCMONHSIOLLMI NONOKUTENbHYO
POb 3aLUNTI OT BHELUHWX BO3AEACTBIW, OTPULATENBHO BAWSAET HA YaCTOTHbIE U Paf
APYTUX XapaKTepucTyK MUKPOCXeM. Tak, C YBEMYEHEM YacTOTbl, HAYMHAIOT NposiB-
NSTHCA HeraTyBHble 3OOeKTbI, (BA3aHHbIE C LENOCTHOCTLIO CUTHANA — MepekpecTHble
MOMEXM, BO3HWKHOBEHWE PE3OHAHCOB, (BA3AHHBIX C OAHOBPEMEHHLIM MEPEKIoYeHIeM
LMdPOBLIX HMOKOB, WyMbI— Apebe3r 3eman 1 Ap. [ns NpeA0TBPaLLEHIS AaHHbIX Npobaem
TpebyeTCs y4nTbIBATbL NApaMeTPb UCMIOb3yeMOro KOpyCa Ha Tane pa3paboTki Cxemo-
TEXHUKM.

B AaHHOW paboTe pesynbTaTbl MOAHOBOAHOBOrO TPEXMEPHOrO 3MEKTPOMArHUTHO-
r0 MOLENMPOBAHMS METOAOM KOHEYHbIX 31eMeHTOB B YacTOTHOM 06nacTi LGA kopnyca
MUKPOCXEM UCMIONB3YKOTCS ANS NOCTPOeHMs RLC MOZenY BbIBOAA KOpMyCa, KOTopasi 3aTem
L0pabaTbiBAETCS C LIeIbI0 AOCTUXEHIS 6ONbLLEN TOYHOCTY MOAEY HA BbICOKMX YACTOTaX.
MpyMeHeHVe JAHHOM ONTUMM3ALLMAM NO3BOANAO MOBLICUTL TOYHOCTb MOAENV B AMana-
30He yacToT bonee yem B 3 pasa.

Kntoyesble cnoBa: YpaBHeHUs Makcsenna, MeTozd KOHEYHbIX 31eMeHToB, S-napa-

METPbI, CTOXaCTYeckas onTMU3aLLs, mHNs nepegayn RLGC.
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DEFINITION OF THE LC PARAMETERS OF THE IC PACKAGE BY USING
ELECTROMAGNETIC SIMULATION IN ORDER TO BUILD A HIGH-PRECISION
MODEL OF THE PACKAGE OUTPUT PIN AT HIGH FREQUENCIES

In order to protect crystals of integrated circuits from environmental influences, they
are usually placed in a package. At the same time, package, which plays a positive role
of protection against environment, negatively affects a number of other characteristics
of the integrated circuit, such as operating frequency. With an increase of frequency,
negative effects associated with signal integrity, such as crosstalk, the occurrence of
resonances associated with the simultaneous switching of digital blocks, noise, ground
bounce, shows up. To prevent these problems, it is required to take into account the
parameters of the used package at the stage of schematic design.

In this paper, the results of the full-wavelength 3D electromagnetic finite element
modeling in the frequency domain of the LGA package are used to build an RLC model
of the package output, which is then refined to achieve higher model accuracy at high
frequencies. Model accuracy after optimization has increased for more than three times.

Keywords: Maxwell equations, finite element method, S-parameters, stochastic

optimization, RLGC transmission line.
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watoTcs. Cpok pacCMOTPEHUNS PYKOMUCEN — 5 HefeNb.
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