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ABSTRACTS

OCOBEHHOCTM TEXHOOTr A N KOHCTPYKLIMW SNEMEHTOB CBUC CO3Y

C TEXHO/IOrMYECKMUM YPOBHEM 90 HM 111 EOPTOBOM KOCMUYECKOM

ANMAPATYPbI

PaccMOTpeHbl Npobnembl, BO3HMKLWYME npu paspaboTke CBUC CO3Y ang 60pToBOM KOC-

MW4eckoi annapaTypsl Ha ocHose KMOI TexHonorim ¢ yposHem 90 HM. CO3Y 16 Mo,

pa3paboTaHHOE Ha OCHOBE NIMLIEH3MPOBAHHOM 6330BOV TEXHONOT M 1 MPaBIA NPOEKTU-

POBAHWS, MMENO BECbMA HI3KYH0 YCTOYMBOCTb K BO3AEACTBINO OAMHOYHbIX KOCMUYECKHX

YacTu, BenmumHa MHeRHbIX noTepb 3Hepriv (IM3) cocTasuna Beero 3 MaB - cv/ur

(T.€. 3alENKa HACTyNana OT Camoil ManeHbKoi YacTuLbl — Ne). Mpu NoMoLLy KOMMbio-

TEPHOrO MOAENMPOBAHIS Bbin Pa3paboTaHbl HOBbIE MPaBIAA MPOEKTUPOBAHWS 1 OCY-

LLIeCTB/IEHO MPOEKTVPOBAHME HOBOW MUKPOCXeMbl. B pe3ynbTate 3HayeHwe /M3 cocTa-

BMA0 80 M3B - CM2/Mr (T.e. MAKCMMasbHOTO 3Ha4eHd, KOTOPOE MO0 BbiTb MOAY4EHO

MpY MCMbITHUSX — BO3AEACTBIE Xe). Mpy 3TOM TEMMEPATYPHbIA AMANA30H YBEeAMYEH

[0 +125°C 1 HanpsiXeHue NMUTaHNA 3MeHeHO ¢ 2,5 0 3,3 B. Takim 06pasom, kcnepu-

MEHTA/IbHO NOKa3aHa BO3MOXHOCTb CO3AaHNA 1 npou3BoacTBa ChYIC BbICOKON CTeneH

WMHTErpaLymn, COOTBETCTBYIOLLMX TPeBOBaHMAM BOPTOBOM KOCMMYECKOM annapaTypbl HA

0CHoBe 6a30B0 TeXHONOr MM YPOBHS 90 HM, 0CBOEHHOH B MAQ «MUKPOH?.
KntoueBble cnosa: KMOIM CBUC, CO3Y, /N3, RHDD, 3awenka.

CBepeHus 06 aBTope:

LLlenenuH Hukonaii Anexceesud, SOKTOP TEXHUYECKUX HayK, NPOPeCcop Kageapsi
VHTErpa/IbHOV I1EKTPOHMKY M MykpocucTem MUIT, AKUMOHepHoe 06LLecTBo
«Hay4HO-MCCAE0BATENILCKA MHCTUTYT MOIEKY/ISDHON 1EKTDOHUKUY,

124460, Poccus, Mocksa, 3eneHorpag, ymua Akagemnka Bannesa, 12, ctp. 1,
e-mail: nchelepin@niime.ru

OCOBEHHOCTY APXUTEKTYPbI OTKA30YCTOI4YMBOrO

3AMOMUHAIOLLEEFO YCTPOWCTBA

MpeanaraeTcs apxuTekTypa OTKA30yCTONYMBOTO OMEPaTMBHOMO  3aMOMMHAIOLLEr0

YCTPOWCTBA, COAEPXALLEro TP kaHana MoAyned NamMATh CO BCTPOEHHbIMM CPeACTBaMM

CamMOTeCTMPOBaHMS 1 CaMopeMOHTa. 1epBbili MOZyNb 06pabaTbiBaeT CUCTEMHbIE AaH-

Hble, BTOPOM MOZYNb PaboTaeT B pexwme 3epkanbHoro 0T06PaXeHns AaHHbIX, TPETUi

MOAyNb PaboTaeT B pexuMe CaMOTeCTUPOBAHNS. Tpi 0TKase NepBoro KaHana Nponc-

XOLMT MOAKMKOYEHME K CUCTEMe BTOPOra paboTocrocobHoro kaHana. TpeTui KaHan

NEPeK/IIOHaETCA B PEXVUM 3ePKanbHOr0 0TOBPaXeHNs AaHHbIX, @ PaboTOCMOCOBHOCTb

NepBoro kaHana BOCCTaHaBNMBAETCA.

KnioyeBble cnoBa: 3epkanupoBaHue NamsTi, MHOrOKPaTHble 0TKa3bl, CPeacTBa
CaMOTECTMPOBAHMS 1 CAMOPEMOHTA.

CBeaeHus 06 aBTopax:

Bonobyes Ceprev Bacu/besind, BonrorpaAckmvi rocy4apCTBeHHbIV arpapHbivi
yHuBepcuTeT, Poccuickas Gegepauns. 400002, KOXHbIV PeaepabHbIi OKpyr,
Bonrorpagckas 06/., r. Boarorpag, np. YHusepcutetckind, 4. 26,
e-mail: sergey-aspirl4@yandex.ru

Pabuies Bragnmp [puropbesny, JOKTOP TEXHUECKVX HAYK, MPOGECCOP,

BonrorpaAckiv rocy4apCTBeHHbIN arpapHbii YHUBEDCUTET,
Poccwvickas ®enepaums, 400002, KOXHbIA PeaepasbHbiv Okpyr,
Bosirorpagckas o6n., r. Bonrorpaa, np. YHusepcuterckui, 4. 26,
e-mail: akim.onoke@mail.ru

KOH®OPMHOCTb POCTA TOHKMX C/IOEB M3 FA30BOM BA3bI
HA PEJIbE®HbIX MUKPO- U HAHOCTPYKTYPAX.
Yactb 1. MpobnemaTika 1 METOA0NOMUS OLIEHKM POCTa C/I0€B Ha penibedax
BbINOAHeH 0630p MHOOPMALMOHHBIX MCTOYHIKOB MO Pe3ynbTaTam MHOTOETHIX UCCne-
[0BaHM NpobneMbl KOHYOPMHOCTM POCTA TOHKMX CTI0EB HEOPraHUYECKIX MaTephasos
Ha penbeHbIX MOAYNPOBOAHUKOBLIX MOANOXKAX MPY XMMUYECKOM OCaX[EHIH 113 ra30-
B0/ da3bl. B MepBoi YacTu paccMaTpyBaoTCs 0bLuvme BOMPOCLI, MCTOPUYECKHIA acnekT
npobnembl, METOR0NOMMS aHaNU3a KOHHOPMHOCTH.
KntoyeBble c10Ba: KOHYOPMHOCTb, HEOPraHNYeCKIe MaTepuanbl, penbedHble nony-
MPOBOAHWKOBbIE MOANOXKM.
CBepeHus 06 asTope:
Bacwbes Bnaancias OpbeBud, LOKTOD XUMUHECKMX HAYK,
npogeccop HoBOCMBMPCKOro rocyAapCTBEHHOrO TEXHUYECKOrO yHUBEPCUTETA,
3amectuens reHepansHoro npektopa 000 «CHeNO,
630049, r. Hoocubmpck, a/s 68,
e-mail: vasilev@corp.nstu.ru

FEATURES OF THE TECHNOLOGY AND DESIGN
OF VLSI ELEMENTS SOZU WITH A TECHNOLOGICAL LEVEL
OF 90 NM FOR SPACECRAFT
The problems that arose during the development of VLSI SRAM for spacecraft using
the technology with a node 90 nm are considered. SRAM 16 Mbit developed based on
licensed basic technology and design rules, it had very low resistance to single space
particles. The value of linear energy loss (LPE) was only 3 MeV-cm?/mg. Using computer
modeling, new design rules were developed and a new chip was designed. As a result,
the LPE value was 80 MeV - cm?/mg. The temperature range is increased to +125 grades
and the power supply voltage is changed from 2.5t0 3.3 V. Thus, the possibility of creating
and manufacturing VLSI of a high degree of integration that meets the requirements
of onboard space equipment based on the basic technology of the level of 90 nm, mastered
at PJSC«Micronn, has been experimentally shown.
Keywords: CMOS, VLSI, RAM, LINEAR ENERGY LOSS, RHbD, LATCH.
Data of the author:
Nikolai Alekseevich Shelepin, Doctor of engineering; professor of the department of integral
electronics and microsystems at MIET, Molecular Electronics Research Institute,
Stock Company, 124460, Russia, Moscow, Zelenograd, Akademika Valieva ulitsa, 12/1,
e-mail: nchelepin@niime.ru

FEATURES OF THE FAULT-TOLERANT STORAGE
DEVICE ARCHITECTURE
The architecture of a fault-tolerant RAM containing three channels of memory modules
with built-in self-testing and self-repair tools is Proposed. The first module processes
system data, the second module operates in data mirroring mode, and the third module
operates in self-testing mode. If the first channel fails, the second working channel
is connected to the system. The third channel switches to data mirroring mode, and the
first channel is restored.
Keywords: memory mirroring, multiple failures, self-testing and self-repair tools.
Data of authors:
Volobuev Sergey Vasilievich, Volgograd State Agrarian University,
pr. Universitetsky, 26, pr. Universitetsky, Volgograd, Volgograd Region,
Southern Federal District, Russian Federation, 400002,
e-mail: sergey-aspirl4@yandex.ru
Ryabtsev Vladimir Grigorievich, doctor of technical sciences, professor,
Volgograd State Agrarian University, pr. Universitetsky, 26., pr. Universitetsky,
Volgograd, Volgograd Region, Southern Federal District, Russian Federation, 400002,
e-mail: akim.onoke@mail.ru

CONFORMALIITY OF THIN LAYERS GROWTH ON RELIEF MICRO- AND
NANOSTRUCTURES.
Part 1. Issues and methodology for evaluation of layer growth on reliefs
Arreview of information sources is performed on the results of prolonged research on the
thin layer conformality problem during chemical vapor deposition of inorganic materials
on relief semiconductor substrates. The first part deals with general issues, the historical
aspect of the problem, and the methodology for conformality analysis.
Keywords: conformality, inorganic materials, relief semiconductor substrates.
Data of the author:
Viadislav Yurievich Vasilyev, doctor of chemistry, Professor of Novosibirsk state technical
university, Deputy Director General SibiS LLC, Novosibirsk, Russian Federation,
PO Box 68, Novosibirsk, 630049,
e-mail: vasilev@corp.nstu.ru
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NPOBJIEMbI U 3AAAYU CUCTEMbI YIIPAB/IEHWS U3MEHEHWSIMU BA30BbIX
TEXHONIOT U MUKPO3JEKTPOHUKM
CraTba NOCBALLEHA aKTyanbHbIM BOMPOCaM HEOBXOAUMOCTY YNPaBNEHIA U3MEHEHUSMH
6a30BbIX TEXHONOTWIA. ABTOPaMM BbIAENSIOTCS OCOBEHHOCTY YIPaBNEHNS M3MEHEHUSMN
NPV peanu3aLy 6a3oBbIX TEXHOMOMMIA HA OCHOBAHM 060BLLEHNS MPAKTUYECKOr0 OMbITa,
MpUBEZeHbI AAHHbIE 06 U3MEHEHNSX, MAEHTUGULIMPOBAHDI OCHOBHbIE PUCKI, UX BAMSHIE
Ha MaKponpoLecc npoekTMpoBaHus 1 npowussoacta CBUC, npeanoxeHsl Cnocobbl
YNPaBNEHIS PUCKaMV AN NOBLILLEHNS Pe3yNbTATUBHOCTY CO3AAHNS HOBOW NPOAYKLMA.
KntoueBbie cnoBa: 6a308as TeXHONOM A, yIpaBaeHme usMeHeHaMI, Mogenu, DRM,
CBWC, pesynbTaTBHOCTL MPOEKTUPOBAHNS.
Csepienus 06 aBTopax:
[1aHactoK Butaamii Hukonaeand, JOKTOP TeXHYECKUX HayK, IpOdeccop,
LIeVICTBUTENbHbIN Y41eH AKagemum npob/iem Ka4ecTsa, AKLMOHEPHOE 06LLeCTBO
(Hay4HO-MCCIER0BATENLCKIA MHCTUTYT MOMIEKY/IIPHOV SEKTDOHMKAY,
124460, . Mocksa, 3eneHorpag, ymmua Akagemuka Bammesa, 12, cip. 1,
e-mail: vpanasyuk@niime.ru
Koponesa AHHa HuKonaesHa, AKUMOHepHOe 061LeCTBO «Hay4HO-1CCER0BaTENbCKIN
MHCTUTYT MONIEKY/IAPHOU 31EKTPOHMKmY, 124460, r. Mocksa,
3enieHorpag, ynmua Akagemmka Basmesa, 12, cip. 1,
e-mail: akoroleva@niime.ru
VrHaroB [1aBen BUKTOPOBIY, AKLMOHEPHOE 0OLLECTBO «Hay4HO-MCCeA0BATENCKIN
VHCTTYT MOJIEKY/ISPHO 31EKTPOHMKIY, 124460 Mocksa, 3eneHorpas,
ymua Akagemnika Baavesa, 12, ctp. 1, e-mail: paignatov@niime.ru
LWnrnumH mnTpuii CBITOCIABOBIY, KAHAMAAT PUIMKO-MATEMATUYECKIX HAYK,
AKUMOHEDHOE 06LLECTBO “HayyHO-MCCIEL0BATENLCKMIA MHCTUTYT MOAEKY/ISPHOM
IeKTPOHMKMY, 124460, 1. Mocksa, 3eneHorpag, ymmua Akagemma Baavesa, 12, cip. 1,
e-mail: dshipitsin@niime.ru

MONYYEHUE KOHLEHTPATA TETPAMETUNAMMOHUA TMAPOKCUAA
CUCNOJIb30BAHUEM PA3INYHbIX KATWOHOOBMEHHbIX MEMBPAH
B paboTe npeacTaBneHbl pe3ybTaTbl NPUMEHEHIS Pa3NnyHbIX KaTMOHOOOMEHHbIX MeM-
6paH Ans NONYYEHWS KOHLEHTpaTa TeTpaMeTUAaMMOHIS TMAPOKCMAa. T0Ka3aHo, uTo
A0S NONYYEHNS KOHLEHTPaTa TeTpaMeTnaMMOHNS TAPOKCUAA MOTYT BbiTb MCNObL-
30BaHbl TONBKO NEpOTOPUPOBAHHbIE KATMOHOOBMEHHbIE MEMOPaHbI, KOTOPbIE XapakTe-
PU3YIOTCS BBICOKOW XMMUYECKOW CTOMKOCTBIO, MEXaHUYECKO MPOYHOCTLIO, CENeKTHB-
HOCTbIO 11 CPABHUTEbHO HU3KIM 3NEKTPOOCMATIYECKMM NEPEHOCOM BOALI, YTO 0becne-
4Y/BaET NONYYeHME NPOAYKTA TPebyeMOoro kayecTea. MckntoueH1eM ABsieTcs Membpaxa
M®-4CK-100, Ha KOTOPOW AOCTUFAKOTCS BoNee HU3KME BbIXOAA MPOAYKTA MO BELLECTBY
(76,0-85,0%) 1 no Toky (15,0-22,9%). [1ns pa3paboTku TEXHONOMMM NOAYYEHNS KOH-
LiHTpaTa TeTPaMeTMNaMMOHMS MMAPOKCMAA PEKOMEHAYIOTCS MeMbpaHbl HaduoH 324
1 Onemut 811.
KntoueBble cn0Ba: TETPaMeTMNAMMOHWIA TUAPOKCUA, XNOPUA TeTpameTinam-
MOHMS, KaTMOHOOOMeHHble MembpaHbl: MK-40, M®-4CK-100, HaduoH 324,
Onemnon 811.
CsejieHus 06 aBTopax:
KoHapes Anexcanzp AHEpeeBunY, JOKTOP TEXHUIECKMX HayK,
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PROBLEMS AND TASKS OF THE MANAGEMENT SYSTEM OF CHANGES
IN BASIC TECHNOLOGIES OF MICROELECTRONICS
The article is devoted to topical issues of the need to manage changes in basic technolo-
gies. The authors highlight the features of change management in the implementation
of basic technologies based on a synthesis of practical experience, provide data on the
changes, identify the main risks, their impact on the macro design process and produc-
tion of VLSI, offer risk management methods to increase the efficiency of creating new
products.
Keywords: basic technology, change management, models, DRM, VLSI, design per-
formance.
Data of authors:
Panasyuk Vitaly Nikolaevich, doctor of technical Sciences, Professor,
«Molecular Electronics Research Institute», Stock Company,
12/1, Akademika Valieva Ulitsa, Zelenograd, Moscow, 124460,
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PRODUCTION OF TETRAMETHYLAMMONIUMHYDROXIDE
CONCENTRATEUSING DIFFERENT CATION-EXCHANGE MEMBRANES
The research paper shows the results of using various cation-exchange membranes to
producea tetramethylammonium hydroxide concentrate.It is shown that producing at-
etramethylammonium hydroxide concentratecan only be provided by using perforated
cation-exchange membraneswhich are characterized by a high chemical resistance,
mechanical durability, selectivity and relatively low electroosmotic water transfer -
they all together ensure producing the product of the required quality.An exception is
the MF-4SK-100 membrane which provides lower yields on the substance (76.0-85.0%)
and on the current (15.0-22.9%).The Nafion 324 and Flemion 811 membranes are
recommended to develop a technology for producing a tetramethylammonium hydro-
xide concentrate.

Keywords: tetramethylammonium hydroxide, tetramethylammonium chloride,

cation-exchange membranes: MK-40, MF-4SK-100, Nafion 324, Flemion 811.
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KOHCTPYWPOBAHUE U PACYETbI TPEXMEPHbIX MUKPOS/IEKTPOHHbBIX

MOZYNEM C BbICOKOW CTEMEHbIO MHTEPALYM KOMMOHEHTOB

B cTaTbe npeacTaBneHbl nporpeccusHble 1 3OGeKTHBHbIE peLLeHKs Mo CO3RAHMI0 Tpex-

MepHbIX M3M C BbICOKOW CTEMEHbIO WMHTErpaLMM KOMMOHEHTOB Ha OCHOBE TUOKMX,

a TakoKe KpeMHMEBbIX KOMMYTAUMOHHbIX 1AaT. OBOCHOBAHO NPUMEHEHME KOMMbIOTEPHO-

WHTErpUpOBAHHOMO MOAENMPOBAHUA C WCMONb30BAHMEM METOAA KOHEYHbIX 3nemeH-

TOB AN KOHCTPYMPOBAaHNA 1 pacyeToB MM B TpexMepHOM MCNOAHeHWM. BbinonHeHa

annpoKCMMALMA KOHCTPYKUMA 1 Pa3paboTaHbl YHUGMLMPOBAHHbIE KOMMbIOTEPHbIE

MOZeN TpexmepHbIx MM Ha 0CHOBE MeTOfia KOHEYHbIX 3NeMeHTOB, NMPUrOHbIE AS

V3y4eHNS Pa3NN4HbIX KOHCTPYKTUBHO-TEXHONOMMYECKIX BAPUAHTOB U3AENNIA 11 BO3AeN-

CTBMI Ha HWX. MpOBEaEHO MOZENMPOBaHME TpexMepHbIX MIM A1 n3yyeHuns BInsHIA

CBOWCTB MaTepuano, KOHCTPYKTVBHbIX NAPaMETPOB W BHELLHIX BO3AEMCTBUI HA Hanps-

KEHHO-AeOPMMPOBAHHOE COCTOAHME M MEXaHMYECKYI0 MPOYHOCTb M3ZeAM. [aHbl

PeKOMeHAALMN N0 KOHCTPYMPOBaHMIO TpexmepHbIX M3M C BbICOKOW CTeneHblo UHTe-

rpaLyMi KOMMOHEHTOB. MoNyYeHHble Pe3ynbTaThl MOKa3anu, YTO HanpskeHHo-gedop-

MMPOBaHHOE COCTOAHME MM OnpesenseTcs CBOACTBAMM NPUMEHSEMbIX MaTepUANoB

11 3aBUCUT OT MEXaHUYEeCKOM MPOYHOCTY U XECTKOCTY 31EMEHTOB 1 CORANHEHNI, 06yC-

NI0B/IEHHbIX MOAYNSMM YNIPYroCT MATEPUAsoB B COMPAXEHNAX. [L151 CHUXEHUS Hanps-

KeHUi B TpexMepHbIx MM HeobX0AMMO 1CM0Nb30BaHMe 60nee XeCTKMX KOHCTpYKLM-

OHHbIX MaTepuano, 06aaaloLLMX GAM3KIMM XapaKTEPUCTUKAMI MPOYHOCTM U HECYLLLer

CNOCOBHOCTH, @ KneeBble MaTepuanbl BbIbUPaTh, MCXOAA U3 YCI0BIM IKCMAYaTaLK, Xa-

paKTepa v BeNMYMHbI BO3AENCTBHI. [pOBEAEHIE MHXEHEPHDIX PACYETOB C Pa3paboTkoi

Hay4HO-TEeXHMYECKMX PEKOMEHAALIMIA MO MOBbILLEHIO YCTOMYMBOCTY CO3AaBAEMbIX U3fie-

/U K BHELWHWM BO3AEACTBIAM MO3BONSET KOHCTPYMPOBATH TpeXMepHble MIM ¢ Bbico-

KMMM TaKTUKO-TEXHUYECKMMM OKa3aTenamu, 06ecneynsas Tpedyemble XapakTepucTyKA

11 HaBeXHOCTb GYHKLMOHNPOBAHMS U3LENNIA.

Kntouesble cnoBa: TpexmMepHbIvi MUKPOINEKTPOHHbIA MOAYb, KOHCTPYMPOBaHMe
TPEXMEPHOro MOAYNS, KOMMLIOTEPHOE MOAENMPOBAHME, METOZ KOHEYHBIX INeMeH-
TOB, HANPSHKEHHO-AEGOPMUPOBAHHOR COCTOSHME.
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DESIGN AND CALCULATION OF THREE-DIMENSIONAL MICROELECTRONIC
MODULES WITH A HIGH DEGREE OF COMPONENT INTEGRATION
The article presents progressive and effective solutions for creating three-dimensional
microelectronic modules (MEMs) with a high degree of component integration based on
flexible and silicon interconnection boards. The use of computer-integrated modeling with
thefiniteelement method for designand calculation of three-dimensional MEMSsisjustified.
The structures are approximated is accomplished and unified computer models of three-
dimensional MEMs based on the finite element method are developed. These models are
suitable for studying various structuraland technological variants of MEMs and impacts on
them. The three-dimensional MEM's was simulated to study the influence of properties of
the materials, structural parameters and external influences on the stress-strain state and
mechanical strength of products. Recommendations on the design of three-dimensional
MEMs with a high degree of component integration are given. The results showed that
the stress-strain state of the MEMs is determined by the properties of the materials used
and depends on the mechanical strength and stiffness of the elements and joints due to
the modulus of elasticity of the materials in the intersections. To reduce stresses in three-
dimensional MEMSs, it is necessary to use of the more stiffness structural materials with
similar strength and load-bearing characteristics, and to choose adhesive materials based
onoperating conditions, the nature and magnitude of influences. Engineering calculations
with the development of scientificand technical recommendations to increase the stability
of created products to external influences allows to design three-dimensional MEMs with
high tactical and technical indicators, providing the required characteristics and reliability
of the products.

Keywords: three-dimensional microelectronic module, design of microelectronic

module, computer modeling, finite-element method, stress-strain state.
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MPOEKTUPOBAHWE U UHXKEHEPHbII PACYET TEMOBbIX M MPOYHOCTHbIX
XAPAKTEPUCTUK ®YHKLINOHAJIbHOIO MUKPOMOAYNIS
Pa3paboTaH psa mopenei GyHKUMOHNLHOTO MUKPOMOAYAS C KOHEYHO-3EMEHTHON
AMCKpeTM3aLment. NMoKa3aHo, YTO CambiM HAMPSXEHHbIM MaTepranoM chopku SBASeTcs
KNeeBOW OB 1 KpUCTaNA KpeMHMS. [laHbl pekoMeHAALMM N0 MPOEKTUPOBAHMIO 1 BbIGOPY
KOHCTPYKTWUBHO-TEXHONOTMYECKMX NapaMeTpOB CORAVHEHMIA MUKPOMOZYNA AN pelue-
HWS 3334 3GdeKTMBHOMO TENN00TBOAA, YCTONUMBOCTY K TEPMOLIMKANYECKUM Harpy3-
Kam, PaCLUMPEHIIO GYHKLMOHAbHbIX BO3MOXHOCTEN.
Kntouesble ¢10Ba: GYHKLMOHaNbHDI MAKPOMOZY/b, NPOEKTUPOBAHIE, MOAEAMPO-
BaHMe, repmeTi3aLus, CoeanHeHNs, HanpSXeHHO-AehOPMUPOBAHHOE COCTOSHIE,
XapaKTepuCTVKK MaTepuasnos.
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®YHKLMOHANbHBIA AHAU3 AAEATENBHOCTYW OMEPATOPOB XUAKOCTHOrO
MPELIM3MOHHOr O TPABJIEHMS, MPELIM3MOHHON GOTONUTOrPAGUN
W 3/IMOHHbIX NPOLLECCOB B BbICOKOTEXHO/IOrMYHbIX MPOU3BOACTBAX
U30ENMIA MUKPO3NEKTPOHMKM
B laHHOM paboTe paccMaTpuBatoTCA 3 11 4 ypOBHM KBaNMGMKALMM NePCOHaNa, COOTBET-
CTBYIOLLME N0 CBOVM XapaKTepUCTIKaM BUAY TPYAOBOM AeATENbHOCTM «onepaToph. Mpea-
CTaBNeHbl pa3paboTaHHble GYHKLUMOHANbHbIE KAPTbI BUAOB NPODECCHOHANBHON AesTeNb-
HOCTV B YC/OBVSX COBPEMEHHOO MPOM3BOACTBA U3AENNA MUKPOINEKTPOHKI ONepaTo-
POB XMAKOCTHOTO MPELM3MOHHOI0 TPABAEHHNS, NPELIM3NOHHON GOTOANTOrPadU 1 3nm-
OHHbIX MPOLLECCOB. PaCCMOTPEHbI XapakTePUCTHKM 060BLLEHHDIX TPYAOBLIX GYHKLMM ANst
KQKAOrO 13 YKa3aHHbIX BUAOB MPOPECCUOHANLHON AeATENbHOCTM, BKIIOYAS TPYAOBbIE
LeVCTBMS, HRODXOAMMbIE YMEHIS 1 HEOBXOAMMbIE 3HAHMS.
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DESIGNING AND ENGINEERING CALCULATION OF HEAT AND STRENGTH
CHARACTERISTICS OF FUNCTIONAL MICROMODULE
A number of functional micromodule models with finite element discretization have been
developed. It is shown that the most stressed assembly material is an adhesive seam and
asilicon crystal. Recommendations are given for the design and selection of structural and
technological parameters of micromodule connections to solve the prablems of effective
heat removal, resistance to thermocyclic loads, and expansion of functional capabilities.
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FUNCTIONAL ANALYSIS OF PRECISION WET ETCHING, PRECISION PHOTO
LITHOGRAPHY AND ELECTRON-ION BEAM PROCESSES OPERATORS' PRACTICES
IN THE HIGH-TECHNOLOGY MICROELECTRONIC PRODUCTIONS
In this paper, we present investigations concerning the third and fourth staff qualification
levels suitably matched to the "operator” job in accordance with level characteristics. De-
veloped functional cards of the form of professional practices in the state-of-the-art micro-
electronic manufacture for precision wet etching, precision photolithography and electron-
ion beam processes operators are introduced. Generalized labor functions' characteristics
for each above-mentioned forms of professional practices including working activities,
necessary working skills and expertise are described.
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