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CJIOBO PEOAKTOPA

YBAXAEMDIE HATATEJIN!

ITepen BaMU o4epefHOU 191-H BEIIIYCK HAy4YHO-TeXHH-
YeCKOro M3JaHHs «IJIeKTPOHHas TexHHKa. Cepusd 3.
MHUKPO3JIeKTPOHHUKAY .

B 1aHHOM HOMepe BHHMaHHMe YHTaTeleH >KypHa-
7la TIPUBJIEKYT TeMaTH4YeckHue MaTepHasbl, Omybiu-
KOBaHHBIe 110/ pybpuKkamu: «Pusryeckue siBIeHUS”,
«Pa3paboTKa 1 KOHCTPYHpoBaHHUe», «IIpoLiecchl U Tex-
HOJIOTHSI”.

BrIIyCK >KypHajia IpencTaBieH IIeCTbl0 OPUIH-
HaJIbBHBIMHU CTaThIMH, IIOCBALIEHHBIMK pe3y/JIbTaTaM
aKTyaJIbHBIX Hay4YHBIX UCCIeJOBAHUU.

Homep oTKpbIBaeTcs pasgenomM «Pusruyeckue sBjie-
HUs», e aBTOpaMHU B paMKax TeOpHUH QyHKIHOHA-
71a IJIOTHOCTH paccMoTpeHa obbeMHas Auddy3us 1o
MEKIO0Y3e/JIbHOMY MeXaHM3MY U I10 MeXaHH3MYy Ba-
KaHCHH IPUMeCcHOro aroma Cu B TpaHelleHTPUPOBaH-
HON Ky6HYecKoM CTPYKType HUTPHAA THUTaHa. IIpu-
BeJleHbl OLIEHKH KOPPEISLIMOHHOTO MHOXKHUTES /I
I dy3uH 110 BAKAHCHOHHOMY MeXaHH3MY, I10/Iy4e-
HBI 3aBUCMMOCTH M3MEHEHHU S MeKaTOMHBIX PacCTOs-
HUM OpU MUTrpaninu Cu, a TakKe MpoJeMOHCTPUPOBa-
HO M3MeHeHHe IJIOTHOCTH IeKTPOHHBIX COCTOSIHH I
IIpY CKa4Ke IIPUMeCcHOro aroma Cu Ha 6/1H3/1esKalnyo
BaKaHCHUIO TUTAaHa.

B IepBoOM cTaThe C/IeAyIoLero pasgena «Pa3pabor-
Ka ¥ KOHCTPYHMPOBaHHE» IIPUBEIEHO CPaBHEHHE He-
KOTOPBIX O3KHUIAEMBIX JJIEKTPHUYECKUX XaPaKTePUCTHUK
3/1eMeHTOB Pe3HCTUBHOM 3HeProHe3aBUCHUMOM I1aMsl-
tH (PEPAM) Ha 6a3e high-k nusnexTpukos u cnenan
BBIBOZI O TOM, UTO Haubosee 6BICTPOAEHCTBYIOIIMMU
TOJIKHBI OBITh CTPYKTYPBI HAa OCHOBE OKCH/IOB TAaHTA/Ia
U rapHUs, a HauXyJlIHMe XapaKTepPUCTUKH I10 CKOPO-
CTH IepeKII0YeHHU s JOIKHBI UMeTb CTPYKTYpHI Ha 6a3e
Al,O5. Bo BTOpOM paboTe mpencraBieHa paspaborka
Y aHaJIK3 reHepartopa ¢ cuctemon PAITY 1 npuMe-
HeHHSI B BBICOKOCKOPOCTHBIX YCTPOMCTBAX CepHUAIK3a-
LIMH-[ecepraar3altuu.

B TpeTpbeln cTaThe JAHHOIO pa3liena HpHBedeHbI
pesy/abTaThl KCCIeJOBAHHUH 3aBHCHMOCTeH KO3)PH-

LHEeHTA yMa U KodpdunreHTa ycuneHus GaN HEMT
TPaH3HCTOPOB OT PeXHMOB paboTel B L-muamaso-
He yacTtoT (1-2 ITw). OTMe4YeHO, YTO MHHHMAaJIb-
Hble M3MepeHHbIe 3HaueHUsa Ko3QPUIIMeHTa IIyMa
(menee 1,0 nB) HaxonsTCsS B JUAIla30He HaIIpsiKe-
HHH Ha cToke (2,5-5,5) B ¥ IJIOTHOCTEH TOKa CTOKAa
40-80 MA/MM.

B mepBOM CTaThe 3aKJIIOYHTEIBHOrO pasjena
«ITpoIeccsl U TEXHOJIOTHSI» UCCIeI0OBaH IpoLiecc cy6-
TPAaKTHUBHOM MHTerpaluvyu GOPMUPOBAHUS CHCTEMBI
MeTa/UIM3alluH, CHUMAIOIMUKN OrpaHHUYeHUs, CBS-
3aHHBIe C JeCTpyKIHeH low-k nuaneKTpuka B Ipo-
Lecce INIa3MOXMMHUYECKOrO TpPaBleHHS U POCTOM
COIIPOTHUBJICHHS IIPOBOLHUKOB IIPU YMeEHbIIeHUU
HMX pa3mMmepa B CylLIecTByIolleM Damscene mporiecce.
Bo BTOpOM paboTe HcciaemyeTcs KHHETHKA HH3KO-
TeMIIepPaTypPHOTO PaJHKaJIbHOTO OKHCJIEHUS Kpem-
HH B IIOTOKe 030Ha, COOPMHPOBAHHOM B 030HATOPe
(remepaTtope 030Ha).

[Tpurnamaem Bcex 3aMHTEPeCOBAHHBIX YU TATeNleH
K COTPYAHUYeCTBY!

CysaskeHuem,
2AaeHblil pedakmop KypHana,
akademuk PAH
I'.4. Kpacrukos
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AHHOTALNU

ABSTRACTS

SHEPrETUYECKMWE BAPbEPbI MUTPALIUW TOYE4HbIX AEPEKTOB

B TiN 43 NEPBbIX NPUHLIUMOB

PacemoTpeHa 06bEMHas AUGhY3US N0 MEX0Y3NLHOMY MeXaHW3My 1 N0 MexaHu3My

BaKaHCWI NpUMecHoro atoma Cu B rpaHeLieHTPYPOBAHHOM KyBI4eCKOM HUTPUZE TW-

TaHa. PaccunTaHbl U3 NepBbIX MPUHLMMOB B paMKax TeOpUM GYHKLMOHANA NNOTHOCTH

N0 METOAY BOCXOASALLMX M306PaXEHI 3HAYEHNS IHEPreTUYeCKUX Hapbepos MUTpaLmi

aTOMOB Mea/ Ha 06enx MOAPeLIeTKax MOHOKpUCTanAM4eckoro TiN 1 Mo MeXaoy3enb

HbIM NONOXEHMSAM, a TAIOKe 3HepreTUYeckue bapbepbl MUArpaLiu BakaHCUI B OKpeCT-

HOCTV npumecHoro atoma Cu. MpoBezeHb! OLeHKY KOPPENSLMOHHOM0 MHOXMTENA Ans

ANOGY3MM N0 BAKAHCMOHHOMY MeXaH3MY, NOMyYeHbl 3aBUCUMOCTY U3MEHEHWS Me-

KaTOMHbIX PACCTOAHMIA Npy Murpauymu Cu, a Takoke MPOAEMOHCTPUPOBAHO U3MEHeHMe

MAOTHOCTY 3NeKTPOHHBIX COCTORHMIA NPy CKayKe NpumecHoro atoma Cu Ha bavsnexa-

LLly10 BAKAHCHIO TUTaHa.

Kntouesble cnoBa: ANGGY3NsS, HUTPUA TUTaHA, 3HEPreTUYeCKMi bapbep Murpa-
LW, fedeKThl, TeopUs QYHKLIMOHANA NAOTHOCTA.

CBepeHus 06 aBTopax:

T'opoxos Cepreii AnekcaHaposud, Hay4Ho-06pa3oBaTesbHbIi LeHTD
«TeXHONOTNYECKUIA LIEHTPY, MOCKOBCKI Dn3mKO-TeXHUYECKMA VIHCTUTYT;
AKUMOHEPHOE 06LUeCTBO (Hay4HO-UCCAIER0BATENLCKIN MHCTUTYT MOIEKYIAPHON
31eKTpoHmKuy, Mocksa, 3enerorpas, Akagemmka Banesa 6/1,
e-mail: sgorohov@niime.ru

Pe3BaHoB Ackap AHBApOBUY KAHAMAAT PU3MKO-MATEMATUYECKNX HAYK,

AKUMOHEPHOE 06LLECTBO “Hay4HO-NCCAER0BATENLCKUI MHCTATYT MOAEKYSIPHOM
IIeKTPOHMKIY, Poccumickii TexHoORorndeckun Yrusepcutet «MUIPIA,
Hay4H0-06pa308aTe/bHbiv LIEHTP «TeXHOAOrMYeCKii LIeHTP, MoCKOBCKuiA
Ouauko-TexHndeckui MIHCTUTYT; MOCKBa, 3eneHorpas, Akagemka Banvesa 6/1;
e-mail: arezvanov@niime.ru

Pe3Huk AnexcaHap AHaTo/besuy, MockoBCkuii Qu3nKo-TeXHNIeCKUA HCTUTYT,
AKUMOHEPHOE 06LLECTBO “Hay4HO-NCCAER0BATENLCKUI MHCTATYT MOAEKYSIPHOM
3/1eKTpOoHMKnY, Mocksa, 3enerorpas, Akagemmka Banmesa 6/1;
e-mail: alreznik@niime.ru

CPABHWTE/NbHbIA AHANIM3 RERAM HA BA3E HIGH-K IUSNEKTPUKOB
TpuBELEHO CPaBHEHME HEKOTOPbIX OXMAAEMbIX INEKTPUYECKUX XapaKTepuCTuK 3ne-
MEHTOB PE3UCTVBHOM 3HEProHe3aBucuMoil namsaTv (RERAM) Ha 6ase high-k amanex-
TPUKOB MYTEM CPABHUTENLHOMO aHaNM3a 3NeKTPODU3NYECKIX XapaKTepUCTUK Ananek-
TPUKOB. CleNaH BbIBOA O TOM, YTO Haubonee BbICTPOAEHCTBYIOWMMM JOMKHI ObiTh
CTPYKTYpbI Ha OCHOBE OKCMAO0B TAHTaNA W raQHMS, HAUXYALLME XapaKTePUCTMKA MO CKO-
POCTY NepeKMOYeH!s BOMKHbI MMETb CTPYKTYpbl Ha base AlLO;,.
Kntouesble cnoBa: high-k Au3neKTpyku, 3neKTPOHHAs CTPYKTYPa, NPOYHOCTb CBS-
31, KUCNOPOAHbIE BaKaHCUK, Apeid NOHOB KMCNOPOAa B OKCWAAX, TOKONPOBOAS-
LKA GuAaMeHT, NepeHoC 3apsaa No BaKaHCHAM.
CBepeHus 06 aBTOpe:
Maxkees BukTop Baagnmmposny, KaHANAAT TEXHUHECKUX HAYK,
AO (Hay4HO-NCCNe[0BATENLCKUA MHCTUTYT MOEKYNSPHOM 31EKTDOHUKMY,
Poccns, 124460, Mocksa, 3eneHorpag, ymua Akagemmka Bamesa, jom 6, ctp. 1,
e-mail: vmakeev@niime.ru

ENERGY BARRIERS OF POINT DEFECTS MIGRATION
IN TiN FROM FIRST PRINCIPLES
The copper impurity diffusion in the bulk fcc TiN via the interstitial and vacancy
mechanisms is considered. The migration energy barriers of copper atoms on both Ti
and N sublattices of monocrystalline TiN and on interstitial positions, as well as the
migration energy barriers of vacancies in the vicinity of the Cu impurity atom, calculated
fromthefirst principles within the framework of density functional theory by the Climbing
Nudged Elastic Band Method (CI-NEB) are presented. Estimates of the correlation
factor for diffusion by the vacancy mechanism are carried out, the dependences of the
change in interatomic distances during Cu migration are presented, and the change
in the density of electronic states during the jump of an impurity Cu atom to a nearby
titanium vacancy is demonstrated.

Keywords: diffusion, titanium nitride, migration energy barrier, defects, density

functional theory.
Data of authors:
Gorokhov Sergei Aleksandrovich, Research and Educational Center

«Technological Center» Moscow Institute of Physics and Technology,

«Molecular Electronics Research Institute», Stock Company, Moscow, Zelenograd,

Akademika Valieva 6/1, e-mail: sgorohov@niime.ru
Rezvanov Askar Anvarovich, Ph.D, «Molecular Electronics Research Institute»,

Stock Company, Russian Technological University «MIREA», Research

and Educational Center «Technological Center» Moscow Institute of Physics

and Technology, Moscow, Zelenograd, Akademika Valieva 6/1,

e-mail: arezvanov@niime.ru
Reznik Aleksandr Anatolievich, «Molecular Electronics Research Institute,

Stock Company, Moscow Institute of Physics and Technology, Moscow,

Zelenograd, Akademika Valieva 6/1, e-mail: alreznik@niime.ru

COMPARATIVE ANALYSIS OF HIGH-K DIELECTRIC RERAM
A comparison of some expected electrical characteristics of high-k dielectric resistive
nonvolatile memory (RERAM) elements is provided by comparative analysis of
electrophysical characteristics of dielectrics. It was concluded that the structures based
on tantalum and hafnium oxides should be the fastest, the worst characteristics in terms
of switching speed should have structures based on Al,0,.
Keywords: high-k dielectrics, electronic structure, bond strength, oxygen vacancies,
oxygen ion drift in oxides, conductive filament, charge transfer by vacancies.
Data of author:
Makeev Viktor Viadimirovich, PhD, «Molecular Electronics Research Institute»,
Stock Company, 6/1 Akademika Valieva street, Zelenograd, Moscow,
124460 Russia, e-mail: vmakeev@niime.ru
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AHHOTALUU

ABSTRACTS

/

TEHEPATOP YACTOTbI C CMCTEMOEI ®ANY PACLIMPEHHOTO ANANA30HA
C ABTOMATUYECKOWN KOPPEKLIVEN BO/IbT-YACTOTHOM XAPAKTEPUCTUKK
AN NPUMEHEHKS B BbICOKOCKOPOCTHbIX YCTPOUCTBAX CEPUATTU3ALLMK-
LECEPUANIN3ALIAK
MpencTaBneHa pa3paboTka v aHanu3 renepatopa ¢ cuctemon GAMY ang npuMeHeHns
B BbICOKOCKOPOCTHBIX YCTPOACTBAX CEPUANM3ALIN-AECEPUANM3ALIN. MPEANOXEHHbI
reHepatop 06naaaeT pacluyMpeHHbiM A1anasoHoM NOAAEPXKMBAEMbIX 4YacToT ot 0,5
£0 2,5 T 1 HA3KMM 3HaYeH1eM CyMMapHOro AxuTTepa B 19 nc. BocnponsBoauMoCTb
MepefaToyHON XapakTepuCTUKM reHepaTopa YacToTbl, HU3KOE 3HaueHne AXVTTepa
W PACLUMPEHHbI AMANA30H YaCTOT AOCTUTAKTCS NPV MOMOLLM NPEAJOKEHHO! CXeMb
aBTOMATIHECKOM KOPPEKLM.
Kniouesble cnoBa: QAMY, cepuanaisep-aecepuanansep, M'VH, aBTomatuyeckas
KoppeKLms.
CeepeHus 06 aBTopax:
MMatalues asen Anekceesin, AO «Hay4HO-MCCAe0BATENbCKY UHCTUTYT
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yanua Akagemmka Basnesa, 6/1, e-mail: ppatashev@niime.ru
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e-mail: ebelousov@niime.ru
Koyetkos AmuTpnii Banepbesiny, AO «HayyHO-MCCAER08ATENLCKIN MHCTUTYT
MONEKY/ISPHOV 37eKTPOHNKMY, 124460, Poccns, MockBa, 3eneHorpag,
ymua Akagemmka Baavesa, 6/1, e-mail: dkochetkov@niime.ru
Monerkamn Kcenns Muxainosra, AQ ¢Hay4HO-MCCAER0BaTENLCKUA MHCTUTYT
MOAIEKYNSIPHOV 31eKTPOHUKWY, 124460, Poccus, MockBa, 3eneHorpag,
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e-mail: aenns@niime.ru

WCCNEAOBAHKA 3ABUCUMOCTU KOSOOULIUEHTA LIYMA

GaN HEMT TPAH3MUCTOPOB OT PEXXMMOB PABOTbI

B cTaTbe NpuBefeHbl Pe3yNbTaThl UCCILOBAHMA 3aBUCUMOCTEN Ko3hdULMeHTa WymMa

n ko3pduumeHTa yeunernst GaN HEMT TpaH3MCTOpOB OT peximoB paboThl B L-anana-

30He 4acToT (1...2 TTLy). OTMEYEHO, YTO MUHUMANIbHbIE M3MEPEHHDIE 3HAUYEHNS KOIDDU-

LmeHTa Wwyma (veHee 1,0 AB) HAXOAATCA B MaNa3soHe HaNpAXeHHIA Ha CToke 2,5...5,5 B

W MIIOTHOCTEN TOKa CTOKa 40...80 MA/MM. MuHUManbHbIi ko3bduumert wyma (NF ;)

MeeT 3HaueHue He bonee 0,65 Ab.

KntoueBble ¢1oBa: K03OuLMeHT Wwyma, NF, MUHUMANbHbIA KOIOOULMEHT Wwyma,
NF i Y-03KTOP, M3BbITQUHBIA KO3QOUUMEHT wyma, ENR, GaN HEMT, S-napa-
METPbI, BpeMS-1MMyAbCHAs pednekTOMeTpHS.
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A FREQUENCY GENERATOR WITH AN EXTENDED-RANGE PLL SYSTEM
WITH AUTOMATIC CORRECTION OF THE VOLT-FREQUENCY RESPONSE
FOR USE IN HIGH-SPEED SERIALIZATION-DESERIALIZATION DEVICES
The development and analysis of a generator with a PLL system for use in high-
speed serialization-deserialization devices is presented. The proposed generator has
an extended range of supported frequencies from 0.5 to 2.5 GHz and a low total jitter
value of 19 ps. Reproducibility of the frequency generator transfer characteristics,
low jittervalue and extended frequency rangeareachieved using the proposed automatic
correction circuit.
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GAN HEMT TRANSISTORS OPERATING MODES NOISE COEFFICIENT
DEPENDENCE RESEARCH
This paper contain experimental results for GaN HEMT noise figure and gain as functions
of operating mode for L-band (1 - 2 GHz). It was pointed that minimum noise figure
values (less than 1 dB) was measured for 2.5 - 5.5 V drain voltage and density current
40~ 80 mA/mm. Minimum noise figure (NF,,;.) was less than 0.65 dB.
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AHHOTALNU

ABSTRACTS

CYBTPAKTYBHbIiA MPOLLECC ®OPMUPOBAHMS CUCTEMbI METANIU3ALUAN
MccnenoBa CybTPaKkTUBHbIA MPOLIECC CO3AaHMS CUCTEMbI METNN3ALMA UHTErpab-
HbIX CXeM. B kayecTe MofebHbIX UCMOMb30BAHbI CTPYKTYPbI C aMlOMUHNEBBLIMU U Mef-
HbIMVY NPOBOAHVKAMM, UMEtOLLME PA3NNYHBIA Lar. 3an0HeHVe 3a30pOB MeX/y NPOBO-
[LHVKAMW NPOBOANUNOCL METOAOM XMMUYECKOr0 OCaxzaeHus 13 pacTeopa. Chopmupo-
BaHHble 0PraHOCMAMKATHbIE CIOM 0BECNeYVBANM NOMHYIO UM YACTVYHYIO MAaHapu3a-
Lm0 penbeda. SneKTpudeckie n3mMepeHns CBUAETENLCTBOBAN O CHUXEHMI eMKOCTA
V1 TOKOB yTeYeK B CTPYKTYPax C HAHOMOPUCTbIMI AUINEKTPUHECKUMM CIOSIMU.
KntoyeBble cnoBa: 3anonHeHVe 3a30pa MeXay NPOBOAHWKAMM, NAaHapu3aums,
OpraHoCMAMKAT, METUA-MOANOULMPOBAHHbIV CUANKAT, [0W-K AN3NeKTPUK, XuMu-
4eckoe 0Cax/eHe 13 pacTBopa, LeHTpUdyrinpoBanme.
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THE SUBTRACTIVE PROCESS OF FORMING A METALLIZATION SYSTEM
The subtractive process of forming a metallization system for integrated circuits has been
studied. Structures with aluminum and copper conductors with different pitches were
usedas models. The gaps between the conductors were filled using the chemical solution
deposition technique. The formed organosilicate layers provided complete or partial
planarization of the relief. Electrical measurements indicated a decrease in capacitance
and leakage currents in structures with nanoporous dielectric layers.
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AHHOTALUU

ABSTRACTS

HU3KOTEMMEPATYPHOE OKUC/TEHUE KPEMHUS
CUCNO/Ib30BAHUEM FEHEPATOPA 030HA
B paboTe MCCnenyeTcs KMHETMKA HM3KOTEMMEpPaTypHOrO PajuKanbHOro OKucie-
HUS KPEMHMS B NOTOKE 030HA, CHOPMMPOBAHHOM B 030HATOPE (FeHepaTope 030Ha).
rony4eHHble AaHHble NOATBEPXAAIOT YHUKANbHbIE BOIMOXHOCTM MPOLECCa HU3KO-
TEMMNepaTypHOro OKMUCIEHNS B 030HE — BO3MOXHOCTb (GOPMUPOBAHNS TOHKOrO OKCMAA
KpemHus ToawuHoi 10...20 A npu Temnepatype 500°C, 470 npuMepHo Ha 150...200 rpa-
[lyCOB HIXE, 4em NS CyLLecTByIoLLero npowecca 1SSG okmnceHms.
KntoueBble €10Ba: PafnKanbHoe OKMCEHIE, KUHETMKA POCTa OKCMAA KPeMHNS,
OKMC/IEHME B 030HE, TeHepaTop 030Ha.
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LOW-TEMPERATURE OXIDATION OF SILICON USING AN OZONE GENERATOR

The kinetics of low-temperature radical oxidation of silicon in an ozone stream formed

inan ozone generator is investigated. The data obtained confirm the unique properties

of the low-temperature oxidation process in ozone - the possibility of forming

a thin silicon oxide with a thickness of 10-20 A at a temperature of 500° C, which

isabout 150-200 degrees lower than for the existing ISSG oxidation process.
Keywords: radical oxidation, kinetics of silicon oxide growth, oxidation by ozone,
0z0ne generator.

Data of author:

Patyukov Sergey Ivanovich, Candidate of Technical Sciences, Stock Company
«Molecular Electronics Research Institute»; 6/1, Akademika Valieva street,
Zelenograd, Russia, 123460, e-mail: spatyukov@niime.ru

Chernyaev Mikhail Viadimirovich, Stock Company «Molecular Electronics
Research Institute»; 6/1, Akademika Valieva street, Zelenograd, Russia, 123460,
e-mail: mchernyaev@niime.ru

Gorokhov Sergey Aleksandrovich, Moscow Institute of Physics and Technology,

9 Institutskiy per., Dolgoprudny, Moscow Region, 141700, Russian Federation,
«Molecular Electronics Research Institute», Stock Company,

6/1, Akademika Valieva street, Zelenograd, Russia, 123460,

e-mail: sgorohov@niime.ru

Rezvanov Askar Anvarovich, Candidate of Physical and Mathematical Sciences,
Moscow Institute of Physics and Technology,

9 Institutskiy per., Dolgoprudny, Moscow Region, 141700, Russian Federation;
6/1, Akademika Valieva street, Zelenograd, Russia, 123460,
e-mail: arezvanov@niime.ru.

3(191)

SNEKTPOHHAS TEXHUKA. CEPUS 3. MUKPOSNEKTPOHMKA 83


mailto:spatyukov@niime.ru
mailto:mchernyaev@niime.ru
mailto:sgorohov@niime.ru
mailto:arezvanov@niime.ru
mailto:spatyukov@niime.ru
mailto:mchernyaev@niime.ru
mailto:sgorohov@niime.ru
mailto:arezvanov@niime.ru

