JJIEKTPOHHAS TEXHHUKA

CEPHA 3
MHKPOJJIEKTPOHHKA

Hay4HO-TeXHHU4YeCKH I XypHas

Breimyck 3(179) 2020

ELECTRONIC ENGINEERING

SERIES 3
MICROELECTRONICS

Scientific & Technical Journal

Boeinyck 3(179) 2020

MockBa, 2020

SR



COAEPXAHUE

\

«3JIEKTPOHHASA TEXHUKA.
Cepwums 3.
MUWKPO3JIEKTPOHUKA»

PepakLUOHHDbINA coBeT
naBHbIA pepakTop
KpacHukoB . 4., 4.T. H.,
akagemuk PAH

YneHbl pegakLUOHHOIO coBeTa

AceeBA.Jl1., 4. d.-M. H.,
axkagemuk PAH

betenuH B.b., 4. $.-M. H.,
akagemuk PAH

BokapeB B.I., K. §-M. H.,
OTBETCTBEHHbIV CEKPETaphb
byraesA.C., 4. d.-M. H.,
akagemuk PAH

bbikoB B.A., 4. T. H.
ranuesr.b., 4. d.-M. H.
fop6aueBuyA.A. 4. d.-M. H.,
akagemumk PAH
lopHeBE.C., O.T.H.,
yneH-koppecnoHaeHT PAH,
3aM. IM1aBHOMO pefakropa
fpnéboB b.T., 4. X. H.,
YneH-koppecnoHaeHT PAH
3anueB H.A., 4. T. H.
KumA. K., K. T. H.
KputeHko M. U., K. T. H.
Metpuukosny . 4., 4. T. H.
CuroBA.C., 4. O-M. H.,
akagemuk PAH
CTeMnKOBCKUMA.J1., 4. T. H.,
akagemuk PAH

YanabirvH KO.A., 4. T. H.,
akagemumk PAH

LenennH H.A., 4. T. H.,
3aM. MaBHOro pefakTopa
DHHCB. ., K. T. H.

Appec peaakuum
& Poccnga, 124460, MockBa,

3eneHorpag, yimua Akagemmka

Banwnesa, pom 6, cTp. 1

& +7495229-70-43

= journal_EEM-3@mikron.ru
www.niime.ru/
zhurnal-mikroelektronika

XKypHan nspaetcs ¢ 1965 roga

Yypeaurtenb

AO «Hay4HO-MccnefoBaTenbCkmim

WMHCTUTYT MOJIEKYNSIPHOM
3N1EKTPOHMKN»

CNOBO PEAAKTOPA ...

dusnueckue aBeHuUs

C.IN. CkopHskoB
TyHHENbHbIN NPOBOM p-N-NepexofoB C AedeKTaMU CTPYKTYPDI ...............

Paspab6oTka un KOHCTpyupoBaHue

E.O. benoycos, [1.B. KoueTkos, K.M. MoneHkamn, A.B. DHHC,

B.U. SHHC

NHTerpanbHoe yCTPONCTBO KOHTPO/IA 3apsiaa MUTUN-MOHHbIX
AKKYMYNATOPOB N aKKYMYASATOPHBIX 6ATAPEM ..evvneieiiiiiiiiieeeeeeee

NMpoueccbl U TexHo/0rnaA

B.1O. BacunbeB

KOHPOPMHOCTb poCTa TOHKMX C/T0EB M3 ra3oBon $asbl Ha penbedHbIX
MUKPO- N HAHOCTPYKTYypax. YacTb 2. [1pouecchbl XMMMNYECKOro
OCAKAEHMS N3 TAB0BOM DABBI ovvvviieeieieiiiiiiie e e

B.1O. BacunbeB

KOH®OPMHOCTbL pOCTa TOHKMX C/TI0EB 13 ra30BOM Pasbl HA penbedHbIX
MUKPO- M HAHOCTPYKTYpax. YacTb 3. Mpoueccsbl aTOMHO-C/I0€BOr0

o a0 01 =T = TR

C.I. CkopHskoB
H13KOBOJIbTHbLIE ANPDY3MOHHbIE p-N-Mepexofbl B TEXHUKe
NOYNPOBOAHUKOBLIX MTPUBOPOB ....iiiiiiiiiiiii e

CBoMiCTBA MaTepuasios

H.A. 3axapos, B.Il. Bokapes, E.C. N'opHeB, A.ll. HeuunopeHko,
B.B. MaTBeeB, A.[l. Anves, M.P. Kucenes, E.B. LLlenexos,

E.M. KoBanb, M.A. Opnos, T.B. 3axaposa

BanaHume okcmaa rpadeHa Ha KpUcTanam3aumio m CBOMCTBA
HaHOPa3MepHOro MMAPOKCUANATUTA KANTBLMS ..oeuneiieiiieei e

HapeXHoCTb

E.C. FlopHeB

ObecneyeHune Ha,ﬂ,é)KHOCTl/I COBPEMEHHDbIX MHTEerpasibHbIX MUKPOCXEM.
YacTtb 1. |_|pl/IHLl,l/II'II:;I obecrneyeHmsa KayecTea u Haﬂ,é)l(HOCTVI

B I'IpOMbILIJJ'IEHHOVI TEXHOIOrMM Npon3BoAacCcTBa NC o

AHHOTALIMM ..o

XKypHan BKIOYEH Bcepoccnmnckom atTectalMoHHon Kommuccunen (BAK)
B YMC/10 M3aHWI, pEKOMEHA0BAHHbIX ANs NybanKkaunm ctatemn
conckaTenem yyeHblx cTeneHen KaHAMAATa U 4OKTOPA HayK Ne 1969

16

26

38

46

52

69

2 SNEKTPOHHASA TEXHUKA. CEPVS 3. MUKPOSTEKTPOHMKA

3(179)



“ELECTRONIC ENGINEERING.
Series 3.
MICROELECTRONICS”

Editorial Council

Chief Editor

G.Ya. Krasnikov, Sc. D.,
Full Member of the RAS

The Members of Editorial Council

Aseev A. L., Sc.D.,

Full Member of the RAS
BetelinV.B., Sc.D.,

Full Member of the RAS
Bokarev V. P., Ph.D.,
Responsible Secretary
Bugaev A.S., Sc. D.,

Full Member of the RAS
Bykov V. A., Sc.D.

Galiev G. B., Sc. D.
Gorbatsevich A. A., Sc. D.,
Full Member of the RAS
GornevE.S., Sc.D.,
Corresponding Member of the RAS
Deputy Chief Editor

Gribov B. G., Sc. D.,
Corresponding Member of the RAS
Zaitsev N. A., Sc. D.

Kim A. K., Ph.D.

Kritenko M. I., Ph.D.
Petrichkovich Ya. Ya., Sc. D.
SigovA.S.,Sc.D.,

Full Member of the RAS
Stempkovskiy A. L., Sc. D.,
Full Member of the RAS
Chaplygin Yu.A., Sc. D,

Full Member of the RAS
Shelepin N. A., Sc.D.,
Deputy Chief Editor

Enns V.l., Ph.D.

Editorial Staff Address

@ 1-st Zapadniy pr-d 12, str. 1.,
Zelenograd, Moscow,
124460,Russian Federation

& +7495229-70-43

= journal_EEM-3@mikron.ru
www.niime.ru/
zhurnal-mikroelektronika

The journal is published since 1965

Founder
“Molecular Electronics Research
Institute”, Stock Company

Editor's Column ... 4

Physical Phenomena

S.P. Skornyakov
The tunneling breakdown of structural defects in the p-n-junction ......... 5

Development and Designing

E.O. Belousov, D.V. Kochetkov, K.M. Molenkamp, A.V. Enns,

V.l. Enns

Integrated charger device for Li-ion batteries .........cccccceeeeieiieiiiiiiiinnnn.n. 8

Processes and Technology

V.Yu. Vasilyev

Conformaliity of thin layers growth on relief of micro- and nanostructures.

Part 2. Thin film growth conformality for CVD processes in flow-type

T ol (o] £ 16

V.Yu. Vasilyev
Conformaliity of thin layers growth on relief of micro- and nanostructures.
Part 3. Thin film growth conformality for ALD processes ............cccc....... 26

S.P. Skornyakov
Low voltage diffusion p-n-junctions in the technology of semiconductor
OVICS e 38

Properties of Materials

N.A. Zakharov, V.P. Bokarev, E.S. Gornev, A.P. Nechiporenko,

V.V. Matveev, A.D. Aliev, M.R. Kiselev, E.V. Sheleckov,

E.M. Koval, M.A. Orlov, T.V. Zakharova

The effect of graphene oxyde on crystallization and properties

of nanosized calcium hydroxyapatite .........ccoooeeiiiiiiiiiiiiiiei e 46

Reliability

E.S. Gornev

Modern integrated circuits reliability ensuring. Chapter 1: Quality

and reliability ensuring fundamentals in integrated circuits industrial
MANUACEUNING PIOCESS ..vvniiiiiiee ettt 52

ADSEraCES .. ..o 69

The journal has included in the number of publications recommended
for publication of articles by applicants for academic degrees of candidate
and doctor of Sciences Ne1969 by the all-Russian attestation Commission (HAC)

3(179)

SNEKTPOHHASA TEXHUKA. CEPVS 3. MNKPOSTEKTPOHMKA 3



CJIOBO PEOAKTOPA

YBAXAEMDIE HATATEJIN!

ITepen BaMHU o4epefHOU 179-H BBIIIYCK HAyYHO-TeXHH-
YeCKOro M3JaHHs «IJIeKTPOHHas TexHHKa. Cepusd 3.
MUKPO3/IeKTPOHUKA?Y .

KonuyecTBo 4YHUTaTe/led OT HOMepa K HOMepy pac-
TeT, BO MHOroM 671arofiapst akTHBHOCTH aBTOPOB, IIPU-
CBUTAIOINMX B PeHAKIIHIO CTAThH Ha aKTya/IbHbIE U BOC-
TpeboBaHHBIE HAYYHBIM COOOIIIECTBOM TEMEL.

B maHHOM HOMepe Ce/laH aKLeHT Ha TaKUX KIII0-
4YeBbIX pasfienax, Kak «Pu3snyecKkue sBlIeHUs», «Pa3-
paboTka M KOHCTPyHpOBaHHUeE», «[IpOIecChl K TEXHOIO-
rus», «CBOMCTBA MaTepHasIoB» U «HamesKHOCTB».

BeIIyCK >KypHasia IIpeiCTaB/lIeH CEMbIO OPUTHHAJIb"
HBIMH CTaTbSIMHU, IIOCBALIEHHBIMH pe3y/bTaTaM aK-
Tya/IbHBIX Hay4HBIX HCCIeJOBAaHUH.

Homep oTKpbIBaeTcs paspgesoM «Pu3HyecKue sB-
JIeHHs», B KOTOPOM aBTOPaMU IIPeACTaB/IEHbl Pe3YJIb-
TaThl MCCAeNOBAHMS HM3KOBOJBTHBIX P-N-II€PeXOL0B
C TYHHeJIbHBIM U CMeIIaHHBIM MeXaHH3MaMHu 11pobosi,
II0JIyYeHHBIX Ha OCHOBE TeXHOJIOTMM BBICOKOKOHIIEH-
TPALIMOHHOMN AUPPY3HH MBIIIBSIKA B CHIBHOIETHPO-
BaHHBIM KPeMHHH P-THIIA IIPOBOJHUMOCTH B 3BaKyH-
POBaHHOM peaKkToOpe, 3aMeCTHBIIeH TeXHOJIOTHIO
nony4yeHus HB p-n-miepexoioB BIlJIaB/IeHHEM aJIIOMM-
HUS B CUIbHOIETHPOBAHHBIN KPEMHUM .

B crnenyromem 61oke «PaspaboTka M KOHCTPYH-
poBaHMe» aBTOPAMH IIPeICTaBIeHO HHTEerpaibHOe
YCTPOMCTBO KOHTPOJIS 3apsiia TUTHUH-HOHHBIX 6aTapen
C HHPOBBIM yIIpaBIeHHeM, PAaCCUMTaHHOe Ha paboty
C MIMPOKKM JHaIla30HOM TOKOB 3apsfa M CII0OCOOHOe
3apsKaTh 0 YEThIPeX IIOC/IeN0BATeIbHO BKIKOYEHHbIX
AKKYMY/ISTOPHBIX STYEEK.

B cnepyromem pasgesie «IIporeccel U TeXHOJIOTHSI?
ABTOPAaMHU BBHIIIOJTHEH 0630p HHPOPMALIMIOHHBIX UCTOY-
HHKOB I10 pe3y/IbTaTaM MHOTO/JeTHHUX UCCIeTOBAHU I
rpobeMbl KOHPOPMHOCTH POCTa TOHKUX CJI0EB HEOp-
FaHUYeCKHUX MaTepHajoB Ha pesibePHbIX I10TYIIPOBO-
JHMKOBBIX ITO/JIOKKAX IIPY XMMHYECKOM OCKIEHHUU
13 ra3oBoi ¢asel. Takoke B 3TOM pasese pacCMaTpH-
BaeTCS BO3MOYKHOCTh [IPUMeHEeHU ] KOJTUYeCTBeHHOT0
II0X0/la aBTOPa K OLleHKe KOHGOPMHOCTH POCTa TOH-
KHX CJI0€B Ha pejibedax B IIpoLjeccax aTOMHO-C/I0EBOTO
ocakzieHUs . Kpome Toro, B JaHHOM 6710Ke 06Cy>KIaeTcst

BIUSHUE CTPYKTYPHBIX [IepeKTOB IIPH BBICOKOKOH-
LIEHTPallMOHHON AU(OYy3sUH B CHIBHOJETHPOBAH-
HBIM KPeMHHUH Ha pacIipefie/ieHHe TOKa II0 ILIOMaaAn
Y 9JIeKTPUYecKHe IapaMeTphl P-N-I1€PeX00B C TaBHUH-
HBIM U TYHHEe/IbHBIM MeXaHH3MaMH IIpobost.

B cnenyronieM 610Kke «CBOKCTBA MaTepHaIoB» aB-
TOpPaMHU ITpoBeJleHa OlleHKa BIMSHMS OKCH/IA TpadeHa
(F'O) Ha obpa3oBaHMe HaHOKpUCTaIIH4Yeckoro (HK) ru-
IpokcuaratuTa Kaneuus Ca,;(PO,)(OH), - (TA) B xome
CHUHTe3a KOMIIO3ULIMOHHBIX MaTepuanoB (KM)TA/TO
(0.1; 1.0; 2.0 1 5.0 macc.% I'O), MoIe/NupYIOILero B3a-
umopercraue I'O ¢ dochaTaMu KaTbIMsI KOCTHOM TKAaHU
B X0fle 6MOMUHepaIH3aLlH.

B 3artounTe/bHOM 6/10Ke «Hae>KHOCTh? aBTOPOM
paccMoTpeHbI 6a30Bble IPHUHIIUIIBI 0becIIeueHHs Kave-
CTBA M HaJI&KHOCTH MHKPOCXeM Ha OCHOBe YMeHbIIle-
HHUS fePeKTHOCTH,, BBISIBJIEHUS IPUUYUHHBIX aKTOPOB,
BIMSIIONIMX Ha OecriepeboriHoe QYHKIIMOHHPOBAHHE
MIPOM3BO/ICTBA M CKPBITBIX OTKA30B, HCII0/Ib30BAHHUS
CTaTHCTHYECKUX MeTOJ,0B KOHTPO/ISI TEXHOJIOTHYeCKO-
o IIpoLiecca M MPOoAYyKLUHK, aHATH3a TeXIIpoLiecca IIpo-
H3BOJCTBA, I10 TECTOBBIM STUEHKaM.

OT MMeHHU pelakIUu s 61arogapio Bcex Bac - Ha-
IIMX aBTOPOB U YHTaTe/lel, IapTHepOB U Ipy3eH 3a
HHTepec K U3aHUIO0, ITOAIEePKKY U COTPYAHUYECTBO.

Cysaskeuem,
2AaBHbLil pedakmop sKypHaaa,
akademuk PAH,
I'. 4. KpacHuxkos
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AHHOTALUU

ABSTRACTS

TYHHE/IbHbI# TPOBOW P-N-NEPEXOJ0B C AEGEKTAMM CTPYKTYPI
O6cyxzaeTcst BIMAHME CTPYKTYPHbIX AedeKTOB MY BbICOKOKOHLEHTPALIMOHHOM AnddY-
31N B CUAbHONErMPOBAHHbINA KPEMHMIA HA pacnpeaeneHite TOKa No NAOLLAAN U 3MeKTpy-
yeckvie napameTpbl p-N-nepexoaos € NaBUHHbLIM W TYHHEbHbIM MeXaH13Mamu npobos.
MoKa3aHo, 4T0 abCoMKOTHO perynspHas IKCNEepUMEHTaNbHAs 3aBUCMMOCTb HANPSKEHNS
npo60s 0T NAOLAAN P-N-NePEX0Aa C TyHHENbHbIM NPOBOeM NOATBEPKAAET OCHOBHbIE M0~
NOXEHNA TEOPIM TYHHENbHOr0 NPO60S O HE3aBMCUMOCTY MPOLIECCa TYHHEAbHOr0 NPpo6os
OT Ha4wst B p-N-NePexofe CTPYKTYPHbIX AGeKTOB.

Kntouesble 10Ba: HW3KOBONLTHBIM P-N-NEPEXOf; TYHHENbHbIA, NaBUHHbIA, CMeLIaH-

HbI/ Npo60oW; AedekTbl CTpYKTYpbI.
CBepeHus 06 aBTope:
CkopHsKos CTaHuCiaB [eTpoBUY, KAHAMAAT TEXHUYECKUX HAYK,

Hoocubmpckwii 3aBoz MonynpoBoAHWKoBbIX [1pbopoB

€ Ocobbim KoHcTpykTOpCKUM btopo, Poccus,

630082, Hoocnbupck, [layHas, 60,

e-mail: skornyakov@nzpp.ru

WHTETPA/IbHOE YCTPOVICTBO KOHTPOAS 3APSA IUTUIA-MOHHBIX
AKKYMYNSTOPOB U AKKYMYNSTOPHbIX BATAPEN
B CTaTbe MpeacTaBneHo MHTErpanbHOe YCTPOMCTBO KOHTPOAS 3apsiaa UTUIA-MOHHBIX
batapet ¢ UndPOBLIM yNpaBneHMeM, pacCynTaHHOe Ha paboTy C LWMPOKMM Avanaso-
HOM TOKOB 3apsa M CNOCOBHOE 3apskaTh [0 YETbIpex MOCNEAOBATENLHO BK/KOYEH-
HbIX akKyMynSTOPHbIX Seek. YCTPOWCTBO pa3paboTaHo C MCMOb30BaHMeM 61nonsp-
Hoi-KMOM-AMON  (Bipolar-CMOS-DMOS (BCD)) TexHomorm u cnocobHo paBoTaTh
C BXOAHbIM HanpshkeHueM A0 24 B. B cOCTaB CxeMbl BXOAAT fiBe NETAM 06PaTHOM CBA3M
LS NOALEPXAHWS NpoduAg 3apsaa baTapem; YCTORYMBOCTb KaXZOW NeTAM obecneyn-
BAETCS BHYTPEHHIM KOMMEHCATOPOM 3-T0 TUNA 1 FeHepaTopOM MA006Pa3HOro CcurHana
[ WWPOTHO-MMNY/IbCHOT0 MOAYAISTOPA C aMNAMTY/A0M, 3aBUCSLLEA OT BXOAHOTO Hanps-
KeHns. CxeMa COREpXUT YNpaBAsIOLLYIO NOrMKY, KOMMYTUPYIOLLYIO BaTapelo, BXOAHOM
WCTOYHIK M Harpy304HbIe YCTPOICTBA B 33BUCMMOCTY OT YCNIOBIM paboThl. Cxema npes-
Ha3HayeHa 4151 paboTbl C AUCKPETHbIMM CUAOBBIMM KTIOYAMU.

Kniouesble ¢noBa: KOHTpOANEP 3apsfa MMTUM-MOHHBIX aKKyMYASTOPOB, MMMYLC-

Hbll Npeobpa3oBaTen NOCTOAHHOTO HAMPSXEHMS, BbICOKOBOMLTHBIE CXEMbI.
CsepieHus 06 aBTopax:
benoycos Erop Onerouy, KaHAMAAT TEXHUHECKMX HayK, AKLMOHEPHOE 06LLECTBO

«Hay4HO-UCCEA0BATENCKIA MHCTUTYT MOJIEKY/ISPHOV 371EKTDOHUKY,

124460, Poccus, MockBa, 3eneHorpag, ynnua Akagemmnka Banmesa, ¢tp. 12,

e-mail: ebelousov@niime.ru
Kouetkos Jmntpun Banepbesiny, AKUMOHEDHOE 06LLECTBO

«Hay4HO-MCCEA0BATEILCKIA MHCTUTYT MOJIEKY/ISPHOM 3/1EKTDOHUKWY,

124460, Poccus, Mocksa, 3enieHorpag, yimua Akagemmka Banmesa, cip. 12,

e-mail: dkochetkov@niime.ru
Monerkamn KceHns MuxainosHa, AKUMOHEpHOe 06LLECTBO

(Hay4HO-UCCEA0BATENILCKIA UHCTUTYT MOJIEKY/ISPHOM 371EKTDOHUKY,

124460, Poccus, Mocksa, 3enieHorpag, yimua Akagemunka Banmesa, cip. 12,

e-mail: kmolenkamp@niime.ru
HHC Anlekcanzp BUKTOPOBUY, KAHAMAAT TEXHNYECKIX HayK, AKLMOHEPHOE 06LLECTBO

(«Hay4HO-UCCEL0BATENCKIA MHCTUTYT MOJIEKY/ISPHOM 371EKTDOHUKY,

124460, Poccus, MockBa, 3eneHorpag, ynnua Akagemmnka Bannesa, ¢tp. 12,

e-mail: aenns@niime.ru
HHC BUKTOP VIBaHOBYY, KaHAMAAT TEXHUYECKUX HAYK, AKUMOHEDHOE 0614eCcTBo

(Hay4HO-MCCIeA0BATEILCKIA MHCTUTYT MOJIEKY/ISPHOMN 1EKTDOHUKUY,

124460, Poccus, Mocksa, 3enieHorpag, yimua Akagemmka Banmesa, cip. 12,

e-mail: venns@niime.ru

THE TUNNELING BREAKDOWN OF STRUCTURAL DEFECTS IN THE P-N-JUNCTION
The influence of structural defects in high-concentration diffusion into heavily doped
silicon on the current distribution over the area and the electrical parameters of p-n-
junctions with avalanche and tunneling breakdown mechanisms is discussed. It is shown
that the absolutely reqular experimental dependence of the breakdown voltage on the
area of the p-n-junction with tunneling breakdown confirms the main provisions of the
theory of tunneling breakdown on the independence of the tunneling breakdown process
from the presence of structural defectsin the p-n-junction.

Keywords: low-voltage pn-junction; tunnel, avalanche, mixed breakdown; structural

defects.
Data of the author:
Skornyakov Stanislav Petrovich, Candidate of Technical Sciences,

Head of the Department of Semiconductor Devices, Novosibirsk

Semiconductor Devices Plant with a Special Design Bureau,

Novosibirsk, 60, Dachnaya, 630082, Russia,

e-mail: skornyakov@nzpp.ru

INTEGRATED CHARGER DEVICE FOR LI-ION BATTERIES
This paper presentsis a digitally controlled integrated charge control device for lithium-ion
batteries, designed to work with a wide range of charge currents and capable of charging
up to four battery cells in series. The device is designed using bipolar-CMOS-DMOS (BCD)
technology, and is capable of operating with input voltages up to 24 V. The circuit includes
two feedback loops to maintain the battery charge profile, loop stability is ensured by an
internal Type 3 compensatorandaramp signal generator withamplitude dependent onthe
input voltage. The circuit includes control logic, which commutates battery, input source,
and load devices depending on operating conditions. Circuit is intended for operating with
off-chip power switches.
Keywords: Battery charger circuit, DC/DC converter, high-speed comparators, nonlinearity
correction, highvoltage circuits.
Data of authors:
Belousov Egor Olegovich, Candidate of Engineering Sciences,
Molecular Electronics Research Institute, Stock Company, Akademika Valieva ulitsa,
12/1, Zelenograd, Moscow, 124460,
e-mail: ebelousov@niime.ru
Kochetkov Dmitriy Valeryevich, Molecular Electronics Research Institute,
Stock Company, Akademika Valieva ulitsa, 12/1, Zelenograd, Moscow, 124460,
e-mail: dkochetkov@niime.ru
Molenkamp Ksenia Mikhailovna, Molecular Electronics Research Institute,
Stock Company, Akademika Valieva ulitsa, 12/1, Zelenograd, Moscow, 124460,
e-mail: kmolenkamp@niime.ru
Enns Aleksandr Viktorovich, Candidate of Engineering Sciences,
Molecular Electronics Research Institute, Stock Company, Akademika Valieva ulitsa,
12/1, Zelenograd, Moscow, 124460,
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Enns Viktor Ivanovich, Candidate of Engineering Sciences, Molecular Electronics Research
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AHHOTALNU

ABSTRACTS

KOH®OPMHOCTb POCTA TOHKUX C/IOEB 13 FA30BOI ®A3bI
HA PEJIbE®HbBIX MUKPO- U HAHOCTPYKTYPAX.
Yactb 2. Mpoweccl XMMUYECKOro 0CAX/AEHUS U3 razoBoi ¢asbl
BbinonHeH 0630p MHGOPMALMOHHDIX MCTOYHUKOB MO Pe3yabTaTaM MHOrONETHUX UCCne-
[LOBaHMA NpobaeMbl KOHOPMHOCTM POCTa TOHKMX CNIOEB HEOPraHWYeCKMX MaTepua-
I0B Ha penbedHbIX NOAYNPOBOAHMKOBLIX MOAI0XKAX NPV XUMUYECKOM OCXKAEHM U3
rasoBovi $asbl. Bo BTOPOV YacTu PacCMATPUBAETCS KOAMYECTBEHHBIA NOAXOA aBTOpA
K OLieHKe KOHGOPMHOCTY POCTA TOHKIX C10€B Ha penbedax Ha 0CHOBAHIM UCCNEA0BAHMI
KVHETVKM MX poCTa.
Kntouesble c110Ba: KOHHOPMHOCTb, HEOPraHWYeCkye MaTepuansl, penbedHble noay-
MPOBOAHVKOBbIE NOANOXKKM.
CBepeHus 06 aBTope:
Bacwunbes Bagucnas lOpbesid, SOKTOD XUMUYECKUX HayK,
npogeccop HoBocMbMPCKOro rocyAapCTBEHHOMO TEXHUYECKOrO YHUBEPCUTETA,
3aMeCTuTe b reHepanbHoro npektopa 000 «CuoiC,
(630049, r. HoBocnbupck, a/s 68, e-mai: vasilev@corp.nstu.ru

KOH®OPMHOCTb POCTA TOHKMX C/IOEB 13 FA30BO ®A3bI
HA PENIbE®HbIX MUKPO- U HAHOCTPYKTYPAX.
Yactb 3. Mpoveccbl aTOMHO-CN0EBOT0 0CAXAEHMS
BbINOHEH 0630p MHOOPMALMOHHBIX MCTOYHIKOB MO PE3ybTaTaM MHOTOETHIX MCCIe-
J0BaHWI NpobAemMbl KOHHOPMHOCTM POCTA TOHKMX CIOEB HEOPTaHUYECKIX MaTephanos
Ha penbecHbIX NOYNPOBOAHUKOBLIX MOAMOXKAX NPU XMMUYECKOM OCaXAEHIM 113 Fa30-
BOV (ha3bl. B TPETLEN YaCTV pacCMaTPUBAETCS BO3MOXHOCTb NPUMEHEHS KONMYECTBEH-
HOT0 NMOAXOZA aBTOPA K OLIEHKE KOHDOPMHOCTM POCTa TOHKIX CNI0EB Ha Pefbedax B npo-
Lieccax aToMHO-C0EBOr0 OCKAEHMS.
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HWU3KOBO/IbTHBIE AUDDY3UOHHDIE P-N-MEPEXO/bI
B TEXHWUKE NOYNPOBOLHNKOBbIX NPUEOPOB
MpencTas/eHsl pesynbTaThl UCCNEA0BAHUS HU3KOBO/BTHDLIX P-N-NEPEXOLOB C TyHHeNb-
HbIM 1 CMeLLaHHbIM MeXaH13Mamu Npobos, NONYHEHHbIX Ha OCHOBE TEXHOMOTMM BbICO-
KOKOHLIEHTPALOHHOM AMGY31M MbILIbSKA B CUALHONErMPOBAHHDIA KPEMHMI p-TWNa
MPOBOAMMOCTM B 3BAKYMPOBAHHOM PeakTope, 3aMeCTVBLUEN TEXHOMOTMIO MONyYeHNA
HB p-n-nepexofoB BMAaBAeHNEM antOMUHIS B CUALHONEMMPOBAHHbIA KpeMHiI. Ha oc-
HOBE 3TWX Pe3ynbTaToB NPOBeAeHbI PaspaboTKiN MPOMBbILLAEHHBIX TEXHONOT M 13rOTOB-
NeHus HB nnaHapHbix cTabunutpoHos (HBC), MPeLM3vOHHbIX TePMOKOMMEHCVPOBaH-
Hblx cTaBuaMTpoHoB (MTKC) 1 HB orpanuunTeneit Hanpsxexns (HBOH), BHEAPEHHbIX
B CEPUIHOE NPON3BOACTBO.
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CONFORMALIITY OF THIN LAYERS GROWTH ON RELIEF OF MICRO-
AND NANOSTRUCTURES.
Part 2. Thin film growth conformality for CVD processes in flow-type reactors
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 second part deals with the author's concept
for thin film conformality evaluation based on kinetics of CVD processes characterization.
Keywords: conformality, inorganic materials, relief semiconductor substrates.
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CONFORMALIITY OF THIN LAYERS GROWTH ON RELIEF OF MICRO-
AND NANOSTRUCTURES.
Part 3. Thin film growth conformality for ALD
A review 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. In the third part the author discusses a possibility
to use the concept for thin film conformality evaluation for ALD processes.
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LOW VOLTAGE DIFFUSION P-N-JUNCTIONS IN THE TECHNOLOGY
OF SEMICONDUCTOR DEVICES
The article describes the results of a study of low-voltage p-n-junctions with tunneling
and mixed breakdown mechanisms obtained on the basis of the technology of high-
concentration diffusion of arsenicinto heavily doped p-type siliconinan evacuated reactor,
which replaced the technology of manufacturing low-voltage p-n junctions by fusing
aluminum into heavily doped silicon. Based on the results obtained, the development of
industrial technologies for the manufacture of low-voltage planar Zener diodes, precision
temperature compensated Zener diodes and low-voltage TvS-diodes introduced into mass
production was carried out.
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BAWSHWUE OKCUAA FPAGEHA HA KPUCTAZU3ALAIO M CBOMCTBA
HAHOPA3MEPHOIO F'MIPOKCUANATUTA KANbLIUA
MpuMeHeHre okcnpa rpadeHa (TO) U rpadeHONOAOBHbIX MaTepUanos HaxoauT BCe
Bonee LNMPOKOE NpUMeEHeHe B MPOMbILLAEHHON TeXHONOrMN. OLHAKO WX BAUSHME Ha
OpraHu3M YenoBeka A0 CX MOp W3y4eHO HeAOCTaTO4HO. B faHHOM paboTe nposeseHa
OLeHKa BANgHuS TO Ha 06pa3oBaHie HaHokpucTanudeckoro (HK) ruapokcuanaruTa
kanbuma Ca,,(PO,)s(OH), - (TA) B X04e CMHTE3a KOMNO3MLMOHHbIX MaTepuanos (KM)
FA/TO(0.1;1.0; 2.0 5.0 macc. % [0), Mopenupytoliiero B3anmopeicTame MO ¢ docdha-
TaMy KanbLs KOCTHOM TKaHW B X0 broMuHepanu3aLmm. OnpeaeneHo BamsHie FO Ha
kpuctannorpauyeckve, MOpHONOrMYeckie XxapakTepucTuki 1 pactBopumocTb HKIFA
Bcoctase KMTA/TO.
KntoyeBble cnoBa: okcup rpadeHa, r1apokcManaTuT, KOMMO3MLMOHHbIE Ma-
Tepuanbl, CUHTE3, CBOMCTBA.
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THE EFFECT OF GRAPHENE OXYDE ON CRYSTALLIZATION AND PROPERTIES

OF NANOSIZED CALCIUM HYDROXYAPATITE

The application of graphene oxyde (GO) and graphene-like materials is increasingly used

inindustrial technology. However, their impact on the human body is still insufficiently

studied. In this work, we assessed the influence of multi-walled GO on the formation

of nanocrystalline (NC) of calcium hydroxyapatite Ca,,(PO,)(OH), = (HA) during the

synthesis of composite materials (KM) HA / GO (0.1; 1.0; 2.0 and 5.0 of the masses.%

GO), modeling the interaction of GO with the phosphate of bone calcium in the course

of biomineralization. The influence of GO on the crystallographic, morphological

characteristics, and the solubility of HA in NKHA, composed of KM HA / GO.
Keywords: graphene oxyde, hydrohyapatite, composite materials, synthesis,
properties.
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OBECTMEYEHVE HALEXXHOCTW COBPEMEHHbIX MHTENPA/IbHBIX MUKPOCXEM.
Yactb 1. MpuHUMIbI 06eCneyeHms Ka4ecTBa U HaAEXHOCTH B IPOMbILL/IEHHOI
TexHonoruu npoussopcTea UC

PaccMoTpeHbl 6a30Bble MPUHLMMLI 06ECTIeYeHs KayecTa U Haa@KXHOCTI MUKPOCXeM

Ha 0CHOBE YMeHbLUEHNS AedeKTHOCTH, BbISBNEHUS MPUYMHHBIX GAKTOPOB, BAMSIOLLMX

Ha becnepe6oitHoe GyHKLMOHMPOBaHME MPON3BOACTBA M CKPbITBIX OTKA30B, MCMOMb30Ba-

HIS CTaTACTUYECKUX METO0B KOHTPO/IS TEXHOMI0TMYECKOr0 NPOLIeCca A MpoayKLnK, aHa-

/3 TexnpoLiecca Npou3B0ACTBA MO TECTOBbIM S4elikam. M0ka3aHo, YT BBUY TOTO, YTO

AedeKTbl, BO3AENCTBYHOLLME Ha BLIXOZ FOAHDIX 1 HALEXHOCTb, MMEIOT OAHY W Ty Xe nep-

BOMPUYMHY, YBENMYEHHE BbIXOAA FOAHDIX 32 CHET CHIDKEHMS [edeKToB byAeT noBbilath

W HAZEXHOCTb. MPeCTaBAeHbl HeKoTopble pe3ynbTaThl paboT HAMI v 3aBoaa «MukpoH»

N0 NOBBILUEHMIO KAYECTBA W HAAEXHOCTY CO3AABAEMbIX UHTErPaNbHbIX MUAKPOCKEM.
Kntouesble cnoBa: 1HTErpasbHbe MUKPOCKeMbI, MPOMBILLIEHHAA TEXHONOTUA, Kave-
CTBO, HAABKHOCTb, LEQEKTHOCTb, BbIXOZ FOAHbIX, OTKA3bI.
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MODERN INTEGRATED CIRCUITS RELIABILITY ENSURING.
Chapter 1: Quality and reliability ensuring fundamentals in integrated circuits
industrial manufacturing process
The basic principles of ensuring the microcircuits quality and reliability based on reducing
defectiveness are considered. Identification of causal factors affecting the smooth
manufacturing and latent failures by the use of technological process and product
statistical monitoring methods, and manufacturing process analysis by the means of test
cells application is taken into account as well. As the defects affecting the yield and
reliability have the same root cause it is demonstrated that yield growth due to defect
decrease will also increase the microcircuits reliability. Some results of “MERI" SC and
Mikron PJSC joint project for integrated circuits quality and reliability improvement are
presented.
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