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YBAXAEMDIE HATATEJIN!

ITepen Bamu odepeHOM 181-11 BBIIIYCK Hay4HO-TeX-
HHYeCKOro U3[jaHH «DJIeKTPOHHAs TeXHHKa. Cepus 3.
MHUKPO3/IeKTPOHHKA? .

PenKorierus >KypHasa CTaBUT Iepeq, coboil 3ama-
4y - CAenaTh KYpHaJ y3HaBaeMBIM Cpefi H3LaHHH
M M3BeCTHBIM Hay4YHO-TeXHHUYECKOMY COOOILecTBy,
OTPa’KAIOIIMM HOBEMIIKe AOCTH>KeHHS MHKPO3JIeK-
TPOHHKH.

B ouepenHOM HOMepe KypHa/la BHUMaHHUIO UM TaTe-
JIel IIpeJICTaB/IeHO CeMb OPUTHHAIBHBIX CTaTeH, OIy6-
JTUKOBAaHHBIX B PybpHKax: «PuU3MYecKue SIBIEHUS,
«Pa3zpaboTKa 1 KOHCTPyHpOBaHUe», «IIpoliecchl U Tex-
Hosorus», «CBOMCTBA MaTepHa/oB» U «DKOHOMHKA
M OpraHM3alMs IIPOU3BOACTBAY.

HoMep oTKpeIBaeTcs pasgenoM «PU3HyecKue SB-
JIeHHs», B KOTOPOM PacCMOTPeHBl COBPeMEeHHEIe
3JIeKTPOHHO-MHKPOCKOIIHYeCKHEe U PEeHTTeHOBCKUEe
MeTOJBl BU3Ya/IM3allUU IIPollecca PaclpoCTPaHeHU s
[IOBEPXHOCTHEIX aKyCTU4eckKuX BoiH (IIAB) B TBep-
IBIX TeIaX.

B cnenyromeM pasgerne «Pa3paboTka U KOHCTPYHPO-
BaHMe» aBTOPaMHU 00CY>KIaeTcsl IpUMeHeHHe 0TeyecT-
BEHHOI 3JIeKTPOHHOI KOMIIOHEHTHOH 6a3bl IIPU CO3-
JaHUHU aIlIapaTypbl KOCMHYECKOIO U CIIelHaIbHOIo
Ha3Ha4YeHHs.

Pasgmen «IIpoliecChl M TeXHOJIOTHS» OTKPBIBAeTCs
CTaTheH, MPOJO/DKAIOLIeN paccCMOTpeHHe IIpoliecca
aTOMHO-C/I0@BOT'0 OCAKACHUS TOHKUX IIEHOK JHOKCH -
Ia KpeMHHUS. B JaHHOI paboTe aBTOPOM ITpOAHATH3H-
POBaHbl JaHHEIE 10 TeMIIEPATYPHBIM 3aBUCHUMOCTIM
CKOpPOCTeHM pocTa IUIeHOK SiO, IpHM aTOMHO-C/IOe-
BOM OCa’KIe€HHH C TePMHYECKOM W IUIa3MEeHHOM aK-
THBAllMer IIpU HCIOAb30BAHHMH PA3IUYHBIX pea-
TeHTOB-TIPe/IIeCTBeHHUKOB. ABTOPOM  CJIeYIOILEH
PaboThI KCC/IeIOBAHEL pacIipefie/ieHUs: As B p-n-CTPyK-
Typax, POPMHUPYEMBIX B CHJIBHO JIeTHPOBAHHOM KpeM-
Huu KB 0,001 (koHIeHTpanus 1,3 - 10720 cm™3) nud-
dy3uel As B 3BaKyHMPOBaHHOI aMIyse. B cienymomei
paboTe paccMoTpeHbl 0CO6eHHOCTH (GOPMHPOBAHHUS

MoJeNnu AJi1 MHPOpMaILMOHHO-aHATUTHUeCcKoro obec-
IeYyeHus IIPOLIeCCOB IIPOEKTHPOBAHMS U ITPOMU3BOL-
ctBa CBUC c KcII0/1p30BaHKeM 6a30BbIX TeXHOIOTHH.
B mocnenHer pabore paszena pacCMOTPEHO BIHSHHE
HU3KOTEMIIEPATYPHBIX OTSKMTIOB B JHAIIA30HE TeMIIe-
patyp 400-950 °C Ha 3/1eKTpUYeCKHe IIapaMeTPhl HK3-
KOBOJIBTHBIX p-N-CTPYKTYP, POPMHPYEMBbIX BBICOKOKOH-
LIeHTPaLlMOHHOM U $dy3HeH MBIIIbSIKA.

B cnenyromem 6710Ke «CBOKICTBA MaTepHaJIOB» HC-
C/1el0BaHO BJIMSHMeE TONIIHHBI OCTATOYHOI0/eCTeCTBeH-
HOTI'0 OKcHJia KpeMHHUS (S10,,., ) B “OKHaX» 3aIIUTHOIO
OKCHJa KPeMHHS Ha pe3y/IbTaThl GOPMHUPOBAHMS HU3-
KOBOJIBTHBIX IIJIAHAPHBIX P-N-CTPYKTYP BHICOKOKOHIIEH-
TpaLlMoHHOU A1 bdy3Hel As B B CUIbHOIETHPOBAaHHBIN
KPeMHHMH B yCJIOBUSIX 9BaKyHPOBaHHOL KBapLIeBOL aM-
I1yJIBl: BeJIMYMHY M BOCIIPOH3BOAMMOCTD BeIMYHHBI Ha-
NIpsDKeHUs Tpobost (Uppos) HB p-n-Tiepexomios oT mpoliec-
Ca K ITpoLieccy.

B 3aKIIOYMTEIBHOM pa3jese «JKOHOMHKA U Opra-
HH3aLMs IPOH3BOJCTBA» PaCCMATPUBAKOTCSA YPOBHU
KBUTHQUKALIMH ITIePCOHAJIA, COOTBETCTBYIOIIME I10 CBO-
MM XapaKTepUCTHKAM CIIeLIMaIMCTy I10 TeXHOJIOIUH
[IPOM3BO/ACTBA HAHOPAa3MEePHBIX I10JIYIIPOBOJHUKOBBIX
prub0pOB K UHTETPAJIBHBIX CXEM.

[TpurnamniaemM K COTPySHHUYECTBY BCeX 3aMHTepeco-
BaHHBIX JIUII.

Cysaskenuem,
2AasHbLil pedakmop skypHaaa,
akademuk PAH,
I'.s. Kpacrukos
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UCCEQOBAHME PABOTbI AKYCTOI/IEKTPOHHBIX YCTPOMCTB
HA MOBEPXHOCTHbIX AKYCTUYECKUX BOJTHAX
B paboTe paccMOTpeHbl COBPEMEHHbIE 3/1EKTPOHHO-MUKPOCKOMUYECKIE 1 PEHTTeHOB-
CKMe MeTOZb! BI3yanu3aLmy NpoLecca pacnpoCTPaHeHUst NOBEPXHOCTHBIX akyCTiye-
Ckux BOAH (MAB) B TBeAbIX TeNax. MpUMeHeHNe AaHHbIX METOZOB NO3BONAET BU3yanM-
31POBATb AKYCTUYECKE BOMHOBbIE NOMS B PEXMME PEANbHOM0 BPEMEHH, UCCIeR0BaTL
B3aumogencTame MAB ¢ gedekTamu KpUCTananyeckon CTpyKTypbl, MCcnesoBath aud-
PAKLMOHHbIE SBNEHNS B aKYCTUYECKHX MyyKaX, ONpesensTb CkopocTvt MAB W yr/ibl CHoCa
MOTOKA aKyCTU4ECKON SHepruu.
KntoueBble cnoBa: Nbe3o3neKTpUKM, CErHETOINEKTPUKM, NOBEPXHOCTHbIE aKyCTh-
Yeckue BOMHbI, CKAHMPYIOLLAS 3NeKTPOHHAs MUKPOCKOMHS, PEHTFEHOBCKas TOMo-
rpadvisi, CUHXPOTPOHHOE U3y4eHMe.
CsepieHus 06 aBTope:
PowynkvH AMuTpui BaneHTuHOBAY, BOKTOP QU3NKO-MATEMATUYECKMX HaK,
OTBYH VHCTUTYT MIPO6/IEM TEXHOOMM MUKPOINIEKTPOHMKM
11 0C0BOYUCTBIX MATEPUANIOB POCCUACKON aKaAeMUM HAYK,
142432, r. Yeproronoska, Mockosckas 067acT, yi. Akagemmka Ocvrbsika, 4. 6,
e-mail: rochtch@iptm.ru

3KCMEPTU3A NPUMEHEHUS SNEKTPOHHON KOMIMOHEHTHOM BA3bI
MPU CO3AAHWK ANNAPATYPbl KOCMUYECKOIO U CNELMAIBHOI O
HA3HAYEHMS - BAXKHDIVA LAT B PELUEHWMW 3AAAYM UMMOPTO3AMELLEEHUS
INeKTPOHHAA KOMMOHEHTHas 6a3a (3KB) - KntueBas COCTaBNSIOLIAA PaAMO3NEKTPOH-
HOW annapaTypbl KOCMUYECKOr0 1 CMELMANbHOMO Ha3HAYEHMS, K TEXHUYECKUM M MaC-
COrabapuTHbIM XapakTepuCcTUKam KOTOPOW MPeabsBASIOTCS BbICOKME TPebOBaHMS.
B Takow annapatype ucnonb3yercs bonblwas HoMmeHknatypa Kb, TpebyloTcs Manble
napTum u3aenui. B ceoto odepesp, IKb A0mKHa 061aaaTb BLICOKOI HAAEKHOCTbIO U OT-
Ka30yCTOAYMBOCTbIO, 06ECNeYMBATL ANNTENLHYIO PABOTY B IKCTPEMANIbHBIX BHELIHMX
YCNOBMSX, BKKOYAS pacLUMpeHHbIA TEMNepaTypHbIA A1ana3oH, pa3HoobpasHble pagua-
LMOHHbIE BO3AENCTBMS. ONOHUTENLHO HEOBX0AMMA AANTENbHAA NOAAEPXKKA NPOU3-
BoaCTBa JKb 1 rapaHTMPOBAHHOE OTCYTCTBME «3aKNAZOKY, T.€. HELLOKYMEHTMPOBAHHbIX
annapaTHbIX AW NPOrPaMMHbIX MHCTPYKLMA, CMOCOBHbIX MPUBOAMTL K OTKA3y, HEBbI-
MONHEHMI0 KOMaHL MW HECAHKLMOHMPOBAHHON Nepeaye AaHHbIX.
CTabunbHOE BLINOHEHIE BCEX BbILLENEPEYMCIEHHbIX TPEOOBAHMA MOXHO 06eCneYnTs,
MCNONb3yA B annapaType 0Te4eCTBeHHbIE KOMMIEKTYIOLe.
KntoueBble €10Ba: 31eKTPOHHAS KOMNOHEHTHas 6a3a, pagMo3neKTPOHHas anna-
paTypa, MMNopTo3aMeLLeHve.
CsefieHus 06 aBTopax:
KpacHukos FeHHagmi SKOBEBNY, JOKTOD TEXHUYECKMX HAYK,
yneH lpesnamyma Poccuickov akagemmm Hayk, AKUMOHEPHOe 06LLeCTB0
«Hay4HO-1CCAIeR0BATENCKIY MHCTUTYT MOJIEKY/ISPHOV 371EKTPOHNKUY,
aKLMOHEPHOE 0BLLUECTBO *HAY4HO-UCCAEL0BATENLCKUA MHCTATYT
MOJEKY/15PHOV 371EKTPOHNKUY,
124460, r. Mocksa, r. 3eneHorpag, ynmua Akagemuia Banmesa, fom 12, cTpoeHve 1,
e-mail: gkrasnikov@niime.ru

HHC BUKTOp VIBaHOBWY, KAHAMAAT TEXHUYECKMX HAYK, AKLMOHEPHOE 0OLLECTBO
«Hay4HO-MCCAIeR0BATENCKIN MHCTUTYT MOJIEKY/ISPHO 3EKTPOHNKUY,
124460, r. Mockaa, r. 3eneHorpag, ynmua Akagemvia Banmesa, som 12, cTpoexue 1,
e-mail: venns@niime.ru

STUDY OF ACOUSTOELECTRONIC DEVICES
ON THE SURFACE ACOUSTIC WAVES
This paper presents the modern electron-microscopic and X-ray diffraction methods for
visualization of the surface acoustic wave (SAW) propagation in solids. These methods
allow visualizing the acoustic wave fields in the real time mode on the crystal surface,
to study the interaction of SAW with the crystal structure defects, to investigate the
diffraction phenomena in acoustic beams, to determine the SAW velocities and power
flowangles.
Keywords: piezoelectrics, ferroelectrics, surface acoustic waves, scanning electron
microscopy, X-ray topography, synchrotron radiation.
Data of author:
Roshchupkin Dmitry Valentinovich, doctor of Physical and Mathematical Sciences,
Institute of Microelectronics Technology,
Russian Academy of Sciences, 6, Academician Ossipyan str., Chernogolovka,
Moscow Region, 142432,
e-mail: rochtch@iptm.ru

EXAMINATION OF THE USE OF ELECTRONIC COMPONENT
IN THE CREATION OF SPACE AND SPECIAL-PURPOSE EQUIPMENT
IS AN IMPORTANT STEP IN SOLVING THE PROBLEM OF IMPORT SUBSTITUTION
Electronic component base (ECB) is a key component of radio-electronic equipment
for space and special purposes, to the technical and mass-dimensional characteristics
of which high requirements are imposed. In such equipment, a large range of ECB is
used, small batches of products are required. In turn, the ECB must have high reliability
and fault tolerance, provide long-term operation in extreme external conditions,
including an extended temperature range, a variety of radiation effects. In addition,
long-term support for ECB production and guaranteed absence of “bookmarks", that s,
undocumented hardware or software instructions that can lead tofailure, non-execution
of commands or unauthorized data transfer, are required.

Keywords: electronic component base, radio-electronic equipment, import

substitution.
Data of authors:
Gennady Yakovlevich Krasnikov, academician of Russian Academy of Sciences,

doctor of Engineering Sciences, Professor, «Molecular Electronic

Research Institute» Stock Company,

124460, Russia, Moscow, Zelenograd, 6/1 Akademika Valieva street,

e-mail: gkrasnikov@niime.ru

Enns Viktor Ivanovich, Ph.D. in Engineering Science; Associate Professor, /SC «NIIME»;
124460, Russia, Moscow, Zelenograd, 6/1 Akademika Valieva street,
e-mail: venns@niime.ru.
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ABSTRACTS

ATOMHO-CNOEBOE OCAXAEHWUE TOHKUX NNEHOK AMOKCUAA KPEMHUS

AN MUKPO- U HAHOSNIEKTPOHUKW.

Yactb 4. TemnepaTypHble 3aBUCUMOCTH CKOPOCTE# 0CaX/AeHMS

N NNIOTHOCTM NNGHOK

B 4eTBEpTO YaCTV 0630pa NPOHaM3MPOBaHbI AAHHbIE MO TeMNepaTypHbIM 3aBUCUMOC-

TAM CKOPOCTEA POCTa W MAOTHOCTW TOHKMX MAGHOK Auokcuaa kpemHua (TMAK) npu

aTOMHO-C/I0EBOM OCAXAEHWM C TEPMUECKOI 1 MNa3MeHHOR akTueaumeid (TA-ACO

MA-ACO) 1 MCMO/b30BAHMEM Pa3MIYHbIX PeareHTOB-MPEALLECTBEHHUKOB. BblaeneHbl xa-

PaKTEpHbIE TEMNEepaTypHble AMANa30Hbl, B KOTOPbIX HABAKOAAKOTCS MPUHLMAMANbHBIE

OT/MYNS pOCTOBbIX XapakTepucTuk npu MA-ACO n TA-ACO, a Takoke naoTHocTH TMAK.
KnioyeBble cnoBa: SMOKCUA KPEMHWS, TOHKAS NMJEHKA, aTOMHO-C/I08BOE OCax-
[LeHue, TemMnepaTypHble 3aBUCUMOCTH, CKOPOCTb OCAXAEHMS, MNOTHOCTb MEHOK.

CBepeHus 06 aBTope:

Bacunbes Bragncnas KOpbesud, JOKTOP XMMUIECKUX HayK,
npogeccop HoBOCMBMPCKOro rocyAapCTBEHHOIO TEXHMYECKOrO YHUBEDCHTETA,
3amectutesib renepanbHoro aupektopa 000 «CubnC,
630049, r. Hoocnbupck, a/a 68,
e-mail: vasilev@corp.nstu.ru

WUCCNEAOBAHUE JUOOY3UOHHDIX NPOGUNEN PACMPEAENEHUSA

MbILLBSAKA N ®OCOOPA B CUIbHONEFMPOBAHHOM KPEMHUK

B pabote nccnefoBanbl pacnpeaenesms As B p-n-CTpyKTypax, Gopmupyembix B CbHONE-

rMpoBaHHOM kpemui KAB0,001 (koHueHTpauna 1,3 x 10720 cm™3) anddysmei As B 38a-

KyVMpOBaHHOM amnyne. Mcnonb3osanuch MeToAb AnddepeHLManbHoi NpOBOAUMOCTH

W HeITPOHHO-aKTVBALMOHHbIV. BbISBAEHO CYLLECTBEHHOE Pa3nnyye pacnpeaeneHui, Yto

0BbACHSETCH HannymeM YacTv As B AndAdY3MOHHOM CNoe B 3NeKTPUYECKM HeaKTUBHON

dopwme B BUAE HeNTPanbHbIX KNaCTEPOB BAKAHCMOHHOM0 TN VgAS,. MapannenbHo uccne-

JLO0BaHNAM npodunert AS MCCIeL0BaHbI NpoGuAM pacnpenenerns B kpemniu KAB0,001

docdopa, nony4eHHble Andhy3ven B ra3oBor Gase ¢ UICTOHHMKOM B BUAE TPEXXIOPUCTO-

ro gocdopa PCl; B aHaNOrM4HOM O TEMNEPATYPE Y BPEMEHH PEXIME ANDPY3NM.

Mony4eHHble aKTUBALMOHHLIE NPOPUAN pacripefeneHina As 1 P CyXaT HarasaHbIM

MOATBEPXIEHMEM MPENMYLLECTB BbIOOPA AOHOPHON NPUMECH AS OTHOCUTENLHO APYTUX

NervpyloLLmx npumecen ang GopMMpoBaHUS B CUMLHO NErMPOBAHHOM KPEMHIM HI3KO-

BOMITHBIX p-1-CTPYKTYP C TYHHE/bHBIM 1 CMELIAHHLIM MEXaHWU3Mamu npoBost (Hanpsixe-

Hve npa60s Uyygs < 6 B), Ha OCHOBE KOTOPbIX M3rOTAB/MBAIOTCS HU3KOBOLTHBIE CTABUM-

TPOHbI Y OT PRHUYUTENN HANPSHKEHNS. KpUTEPIM CPaBHEHMS: COOTHOLLEHIE NOBEPXHOCT-

HbIX KOHL{EHTPaLi ~ Ny Mbllwbsika = 1 x 102 cm™>, N, pocdopa ~ 1,6 x 102 cm™>, rayBuHbl

3/1EraHNG p-N-NEPEXOAI0B ~X; MbILLIBAKA ~ 2 MKM, X; GOCHOPa ~ 1 MKM, COOTBETCTBEHHO.
Knroyesble cnosa: npodunb pacnpeaeneHns NpuMect B KpeMHM, p-fi-Nepexos,
MbILLLAIK, GOCHOP, CUALHO NETVPOBAHHBIN KPEMHUA.
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ATOMIC LAYER DEPOSITION OF SILICON DIOXIDE THIN FILMS
FOR MICRO- AND NANOELECTRONICS.
Part 4. Temperature dependencies of deposition rates
and films densities
In the fourth part of the review, data on the temperature dependencies of the growth
rates and density of thin silicon dioxide films during atomic layer deposition with
thermal and plasma activation (TA-ALD and PA-ALO) with the use of various precursors
are analyzed. The characteristic temperature ranges have been identified, in which there
are fundamental differences in the growth characteristics for PA-ALD and TA-ALD, as well
as the density of Si0,.
Keywords: silicon dioxide, thin film, atomic layer deposition, temperature depen-
dencies, deposition rate, film density.
Data of author:

Vladislav Yurievich Vasilyev, doctor of chemistry,
Professor of Novosibirsk state technical university,
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INVESTIGATION OF THE DIFFUSION PROFILES OF THE DISTRIBUTION
OF ARSENIC AND PHOSPHORUS IN HIGHLY DOPED SILICON
The As distributions in p-n-structures formed in strongly doped silicon KDB 0.001
(concentration 1,3x107°cm3) by As diffusion in an evacuated ampoule were studied
by differential conductivity and neutron activation methods. Their significant difference
is revealed, which is explained by the presence of a part of As in the diffusion layer in
an electrically inactive form in the form of neutral clusters of the vacancy type VgAs,.
In parallel with the studies of the As profiles, the profiles of the distribution of phosphorus
in silicon KDB 0.001 obtained by diffusion in the gas phase with a source in the form of
phosphorus trichloride PCl in a similar temperature and time diffusion mode were studied.
The obtained activation profiles of the distribution of As and P serve as a clear confirmation
of the advantages of choosing the donor impurity As relative to other alloying impurities
for the formation of low-voltage p-n-structures in highly doped silicon with tunnel and
mixed breakdown mechanisms (breakdown voltage Uy, < 6 V), on the basis of which low-
voltage zener diodes and voltage limiters are manufactured. Comparison criteria: the ratio
of surface concentrations - N, arsenic ~1x10% cm3, N, phosphorus ~ 1,6 x 102 cm,
the depth of occurrence of p-n-junctions - x; arsenic ~ 2 um, x; phosphorus ~ 1 um, res-
pectively.

Keywords: impurity distribution profilein silicon, p-n-junction, arsenic, phosphorus,

strongly doped silicon.
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WHOOPMALIMOHHO-AHAIUTUYECKOE OBECMEYEHME MPOLLECCOB
NPOEKTUPOBAHMA U NPOU3BOACTBA CBUC C UCNOJIb3OBAHUEM
BA30BbIX TEXHO/IOT WA
CTaTbs NOCBALLEHA aKTyaNbHbIM BOMPOCaM HEOBXOAMMOCTY aHanu3a yCIoBuiA Npoek-
TUpoBaHNA v npon3soacTea CBUC ¢ ncnonb3oBaHmem 6a3obix TexHonormi. B pabote
BBIZENAIOTCA OCOBEHHOCTY GOPMMPOBAHMS MHGOPMALIMOHHO-AHANUTIYECKON MOLEH,
€@ CTPYKTYPbI, COCTaBa AaHHbIX, TPUHLMMOB CUCTEMATI3ALIM, NPUBEAEHD NPUMEPDI pea-
NM3aLMN 1 NOKA3AHbI BO3MOXHOCTY Pa3BUTIS, NO3BONSIOLLME NPOBOATL HE3aBUCUMbIN
aHaM3 C LieNbio BblAEEHUS NPUOPUTETHBIX 06NACTEN AN PEeLLeHNS ONTUMMU3ALMOHHbIX
33/1a4 Y4aCTHUKOB LIEN0YeK CO3AaHNS LIEHHOCTH.

Knroyeble cnoBa: MHGOPMALMOHHO-aHANNTIYECKAsA MOAEND, Ha30Bas TEXHONO-

rusl, CBAC, MapLpyT NpoeKTMPOBAHWS, Pe3y/bTaTUBHOCTL MPOEKTMPOBAHNS.
CsepieHus 06 aBTope:
Koponesa AHHa HukonaesHa, AO «Hay4HO-MCCAER0BATENLCKIN MHCTUTYT

MONEKYIAPHON 3NEKTPOHNKWY, 124460, r. MocKBa, r. 3eneHorpag,

ymua Akagemvika Banvesa, 4. 12, ctp. 1,
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B/IMIHWE HU3KOTEMMEPATYPHBIX OT)XUIOB HA MAPAMETPbI
HU3KOBO/IbTHbIX AUDDY3UOHHDIX p-n-MEPEXOAOB
VccrienioBaHo BAMSHWE HU3KOTEMNEpaTypHbix (HT) OTXMIOB B AManasoHe TeMnepatyp
(400..950) °C Ha 3neKTpU4eckue MapameTpbl HU3KOBOMTHBIX P-fi-CTPYKTYP, hopMu-
PYEMbIX BbICOKOKOHLIEHTPALMOHHOM ANPQY3MeR MbILLIbSKA 13 HEOTPAHYEHHOTO UCTOY-
HIK B YCIOBUSX 3BAKYVPOBAHHOW KBapLIEBOX amMny/bl. MOKa3aHo, 4TO B 3aBUCUMOCTY OT
TEMNEpaTypbl OTXMTa HanpseHie NPo6os p--CTPYKTYP (U ) MOXHO Kak NOBbILIATS,
TaK ¥ CHUXATb Ha HEKOTOPYIO BENMYMHY.
Habniopaemblit 3QGeKT 0GbACHSETCS HAANYMEM NErvpyIOLLEN NPUMECH, B AAHHOM Cy-
yae As, B BbICOKOKOHLEHTPALMOHHOM ANOOY3NOHHOM (0 He TONbKO B aKTUBHOW, HO
W B MACCHBHOW QOPMaX — B BUE METACTabMAbHbIX KNCTEPOB, KOTOPbIE MOTYT BbITb Yac-
TIYHO aKTVUBMPOBAHbI B pe3ybTate HT oTxuros. Sddekt HT TpaHchopmaLy knacTepos
MeeT 0bpaT MBI XapakTep U MOXET bbiTb MCNOMb30BaH B MHTEPEeCax MPOV3BOACTBA
HI3KOBO/BTHBIX NPELIM3MOHHBIX CTABUNUTPOHOB AN TOHKOW KOPPEKLIMN BEMYMHDI Ha-
npsbkerns npo6ost (U,qe) HB p-n-CTPYKTYD. KOPPEKTUPOBKA BEAMUMHbI o6 MOXET BbiT
MPOBefeHa KaKk Ha CTaAMM M3rOTOBNEHNS NAACTUH C HB p-n-CTpyKTypamu, Tak 1 CTabu-
JUTPOHOB B CTEK/SHHbIX KOPMYCaX, N3rOTOBEHHbIX HA 0CHOBE HB p-n-CTPYKTYp.
KntoyeBble €noBa: HW3KOBOMLTHLIA p-N-Nepexop, Knactepbl, HM3KOTeMnepa-
TYPHBIA OTXNT.
CsepeHus 06 asTope:
CkopHskos CraHucnas eTposuY, KaHAMAAT TEXHUYECKMX HAYK,
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INFORMATION AND ANALYTICAL SUPPORT OF VLSI DESIGN
AND PRODUCTION PROCESSES USING BASIC TECHNOLOGIES
The article is devoted to topical issues of the need to analyze the conditions for the design
and production of VLSI using basic technologies. The paper highlights the features of the
formation of an information and analytical model, its structure, data composition,
principles of systematization, examples of implementation are given and development
opportunities are shown, that allow an independent analysis to be carried out in order
to highlight priority areas for solving optimization problems of participantsin value chains.
Keywords: information and analytical model, basic technology, VLSI, design route,
design efficiency.
Data of author:
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EFFECT OF LOW-TEMPERATURE ANNEALING ON THE PARAMETERS
OF LOW-VOLTAGE DIFFUSION p-n-TRANSITIONS
The influence of low-temperature (LT) annealing in the temperature range (400...950) °C
on the electrical parameters of low-voltage p-n-structures formed by high-concentration
diffusion of arsenic into highly doped silicon under the conditions of an evacuated quartz
ampoule is studied. It is shown that, depending on the annealing temperature, the
breakdown voltage of p-n-structures (Uj,,) can be either increased or reduced by a certain
amount.
The observed effect is explained by the presence of an alloying impurity, in this case As,
in the highly concentrated diffusion layer not only in the active, but also in the passive
forms - in the form of metastable clusters, which can be partially activated as a result of
LTannealing. The effect of LT transformation of clusters is reversible and can be used in the
interests of the production of precision low-voltage zener diodes for fine correction of the
breakdown voltage (U,;,,) LV of p-n-structures. Correction of the U, value can be carried
out both at the stage of manufacturing plates with LV p-n-structures, and zener diodes in
glass cases made on the basis of LV p-n-structures.

Keywords: low-voltage p-n-junction, clusters, low-temperature annealing.
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BAPbEPHBIE CBOICTBA OCTATOYHOIO OKCMAA KPEMHUS NPU
®OPMUPOBAHWM HU3KOBOJIbTHBIX p-n-NEPEXOJ0B ANGOY3HE
MBbILLIbAKA B CUIbHOJIETMPOBAHHbII KPEMHHUIA
VcCnenoBaHo HeraTMBHOR BANAHME TONLLMHDI OCTATOYHOT 0/eCTECTBEHHOMO OKCMAA Kpem-
HUSt (SI0,¢;) B “OKHAX? 3LUMTHOTO OKCMAA KDEMHMSI HA PE3ybTaThl QOPMUPOBAHNS HU3-
KOBOMLTHbIX NIAHAPHbIX PN-CTPYKTYP BbICOKOKOHLIEHTPALMOHHOR ANPPY3nen As B Cunb-
HONErMpOBaHHbLIN KPEMHMIA B YC/IOBMSX 3BaKyMPOBAHHOM KBAPLIEBOA aMMy/ibl: BENYMHY
11 BOCMIPOM3BOAMMOCTb BEAMYMHLI HANPsSHKeHNs npobos (Unpoﬁ) HB p-n-nepexonos ot
MPOLECca K MpoUeccy. MokasaHo, 4To SiOy,.; TOALMHON CBbilwe CIS0 A - ApakTryecky
HenpeoAoMMbIN 6apbep ANS AOCTUXEHNS aTOMAMM MbiLUbsKa NOBEPXHOCTU KPEMHNS,
Anddy3un As B KPEMHII. [I1s NONYYEHNA YAOBNETBOPUTENbHLIX PE3YNLTATOB MO BENU-
4YiHE 1 BOCMPOM3BOAMUMOCTY BENMYMHDI INEKTPUYECKUX MAPAMETPOB HU3KOBOLTHLIX
MNaHapHbIX p-fi-CTPYKTYP, NONYYaEMbIX AUPPY3ned AS 13 HEOTPaHYEHHOrO UCTOYHMKA
B YCI0BMAX 9BAKYMPOBAHHOM aMmy/ibl, TOAWWMHA SiO,,, HE ONXHA NpeBbilaTh CI25 A,
MPeNI0XKeHbI TEXHONOTMHECKVE PELLEHIS N0 OF PAHUYEHMIO TONLLMHBI SO,y ;.
Kntoyesble €noBa: OCTAaTOYHbI OKCUA KPEMHMS, ANOOY3NS MbilUbKa, HU3KO
BONLTHbIA p-N1-Nepexoa.
Cefienms 06 asTope:
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BARRIER PROPERTIES OF RESIDUAL SILICON OXIDE IN THE FORMATION

OF LOW-VOLTAGE p-n-JUNCTIONS BY THE DIFFUSION OF ARSENIC

INTO HIGHLY ALLOYED SILICON

The negative effect of the thickness of the residual/natural silicon oxide (SiO,) in the

"windows" of the protective silicon oxide on the results of the formation of low-voltage

planar p-n-structures by high-concentration diffusion of As into highly doped silicon under
the conditions of an evacuated quartz ampoule: the magnitude and reproducibility of the
breakdown voltage (U) LB p-n-transitions from process to process. It is shown that
510, With a thickness of more than 350 Ais an almost insurmountable barrier for arsenic
atoms to reach the silicon surface, As diffusion into silicon. In order to obtain satisfactory
results on the magnitude and reproducibility of the electrical parameters of low-voltage
planar p-n-structures obtained by As diffusion from an unlimited source under evacuated
ampoule conditions, the thickness of SiO,, should not exceed 025 A. Technological
solutions for limiting the thickness of SO, are proposed.

Keywords: residual silicon oxide, arsenic diffusion, low-voltage p-n-junction.
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NPEAMOCHINKU PA3PABOTKU NPO®ECCUOHA/IBHOTO CTAHAAPTA
«CNELMANUCT NO TEXHONOT MU NPOU3BOJCTBA HAHOPASMEPHbIX
NoNyNPOBOAHWUKOBBIX MPUEOPOB U UHTErPA/IbHbIX CXEM»
B paboTe paccmaTpuBatoTCsl 6-1 v 7-4 ypOBHM KBAMOUKALIM NEPCOHANa, COOTBETCTBYIO
LUve MO CBOMM XapaKTEPUCTVKM BUAY TPYAOBON LEATENbHOCTY SMHXEHEP-TEXHONOM.
MpeacTaBneHbl paspaboTaHHble GYHKUMOHaNbHbIE KapTbl BUAOB NPOGECCHOHANLHOM
LeATENbHOCTM B YC/OBMSX COBPEMEHHOMO MPOM3BOACTBA M3AENMA MUKPO3NEKTPOHMKM
WNHXEHEPOB-TEXHOMOrOB W UHXEHEPOB-MHTErPaTOPOB, A TAKKE MNaBHbIX CNELMANNCTOB,
BEAYLLMX MHXEHEPOB-TEXHONOrOB, PyKOBOAWTENE rpynnbl W HAYaNbHIUKOB Naboparo-
PUI. PaCCMOTPEHDI XapaKTEPUCTUKI 0B0BLLEHHbIX TPYAOBLIX QYHKLMIA ANS KKAOTO W3
yKa3aHHbIX BMAOB NPODECCUOHANBHON AESTENbHOCTY, BKIIYAs TPyAOBblE AEUCTBMS,
HEOBX0ANMbIE YMEHNS U 3HAHNS.
KnioueBble C10Ba: TpyA0Bas QYHKLNA, KBAAMOUKALMOHHDI YPOBEHb, KapTa BIAA
NPOGeCCMOHANLHOW [EATENBHOCTY, VHXEHEP-TEXHONOT, MPOM3BOACTBO M3AENMiA
MUKPO3NEKTPOHMKM.
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4«NANOSCALE SEMICONDUCTOR DEVICES AND INTEGRATED CIRCUITS
TECHNOLOGY SPECIALIST» PROFESSIONAL STANDARD DEVELOPMENT
SUPPOSITIONS
In this paper we present investigations concerning the sixth and seventh staff
qualification levels suitably matched to the “operator” job in accordance with level
aprocess engineer characteristics. Developed functional cards of the form of professional
practices in the state-of-the-art microelectronic manufacture for the process engineers,
integrators and chief specialists, senior process engineers, group supervisors and heads
of laboratory as well are introduced. Generalized labor functions' characteristics for each
above-mentioned forms of professional practices including working activities, necessary
working skills and expertise are described.

Keywords: labour function, qualification level, kind of operation card, process

engineer and microelectronic production.
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