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AHHOTALUU

ABSTRACTS

3KCMEPUMEHTA/IbHBIE UCCNEAOBAHUSA U SKCTPAKLIUA MAPAMETPOB

MOZENE MACCUBHbIX CBY- KOMIMOHEHTOB /11 TEXHO/OMMM GaN HA

KPEMHUK

/1cnonb30Baxye NOAYNPOBOAHUKOB C LMPOKOW 3aMPeLLEHHOM 30HOA B PasNiyHbIx 06-

NACTSX TEXHWKN CTAHOBUTCS BCe Bonee akTyanbHbIM. baaroaaps CBOVM NPeBOCXOAHbIM

cBovAcTBaM HUTPA ranamd (GaN) u coenHerwa Ha ero ocHose (Hanpumep, AlGa,_ N)

ABNAIOTCH NEPCTIEKTUBHbIMI NOAYNPOBOAHMKAMY N5 CIEAYIOLLErO NOKONEHUS MOLLHbIX

W BbICOKOYACTOTHBIX YCTPOWCTB. AKTUBHO Pa3ByBaIOLLMECS TEXHOOMMN Ha OCHoBe GaN

OPVEHTMPOBAHbI TNaBHbIM 06pa3om Ha pa3paboTky aHanorosbix CBY-MuKpocxeM, no3-

TOMY pa3paboTka Moaenert NaccvBHbIX KOMMOHeHTOB CBY-TpaKTa v 3KCTpakuys napame-

TPOB 3TWX MOAENeN ABASKOTCA aKTyanbHOW 3afa4elt. B paboTe NpyBeaeHb 3KCrepyMeH-

Ta/IbHble UCCIEA0BAHNS NapaMeTpoB 3nemeHTo CBY-TpakTa, MpeanoXeHbl x MoZenv

AN TexHonoruyeckoro npotecca GaN Ha KpemHuw. MonyyeHbl aHanuTU4eckue Bblpa-

KEHS N4 NapaMeTpoB MOZENeN, Ha 0CHOBE KOTOpbIX paspaboTaHa MeToauKa IKCTpak-

LM 3N1eKTPUYECKIX NAapaMeTPOB MOLEM U3 IKCMePUMEHTA/bHbIX AAHHIX. Pe3ynbTaTbl

M3MepeHnin 1 MOLEAMPOBAHHS NapamMeTpoB 3nemeHToB CBY-TpakTa nokasanm xopoLuee

CoBMazeHve B ananasoe yactot 0,01-20,0 ITw. MonyyeHHble pe3ynbTaTbl MOMYT BbiTb

MCMONb30BaHbI NP pa3paboTke TexHonoryeckux brubanotek GaN Ha KpeMHUA.
Kntouesble cnoga: vHTerpanbHas uHAYKTMBHOCTL, GaN HEMT, mMoaenb katyuwiku
WHAYKTUBHOCTY, CKMH-3dEKT, MuKkpononocok, MAM-KoHAeHcaTop, nepexoaHoe
0TBEpCTIe, S-napameTpbl, 3KCTPaKLUA MapaMeTpos.
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124498, e-mail: egorkinvi1 962@mail.ru

EXPERIMENTAL STUDIES AND EXTRACTION OF MODEL PARAMETERS FOR

PASSIVE MICROWAVE COMPONENTS FOR GaN-ON-SILICON TECHNOLOGY

The use of wide bandgap semiconductors in various fields of technology is becoming

increasingly relevant. Due to their excellent properties, gallium nitride (GaN) and

compounds based on it (e.g., Al,Ga, ,N) are promising semiconductors for the next
generation of powerful and high-frequency devices. The rapidly developing GaN-based
technologies are focused mainly on the development of analog microwave integrated
circuits, therefore, the development of models of passive components of the microwave
path and the extraction of parameters of these models is a pressing task. The work
presents experimental studies of the parameters of microwave path elements and
proposes models for the GaN-on-silicon technological process. Analytical expressions for
the model parameters have been obtained, on the basis of which a method for extracting
the electrical parameters of the model from experimental data has been developed. The
results of measurements and modeling of the parameters of the microwave path elements
showed good agreement in the frequency range of 0.01-20.0 GHz. The results obtained
can be used in the development of GaN-on-silicon process libraries.

Keywords: integral inductance, GaN HEMT, inductor model, skin-effect, microstrip,

MIM capacitor, via, S-parameters, extraction of parameters.
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AHHOTALNU

ABSTRACTS

WCCNELOBAHME NMPOLIECCA ATOMHO-C/IOEBOIO OCAXAEHUS TOHKUX

MAEHOK Ta,0; C MCMO/Ib30BAHUEM STOKCUAA TAHTANIA

CTaThsl NOCBALLLEHA MCCNEA0BAHMIO NPOLIECCA OCAX/AEHIS TOHKMX MNEHOK OKCUAA TaHTaNa

C MCNONb30BaHVMEM 0Te4eCTBEHHOM YCTaHOBKM «/130da3 TM 200-01» v xapakTepu3aumm

NONY4aeMbIX C0EB A5 NPUMEHEHNS B INEMEHTaX XPaHeHMs 3HeproHe3aBy1CHMON pesn-

CTMBHON NamATi ReRAM. B KkayecTBe MpekypcopoB MCMOMb30BaNUCh 3TOKCMA TaHTana

Ta(OCzH 5)5 0TEYECTBEHHOr0 MPOM3BOACTBA W MM1a3Ma KMCI0POAA. Bbin MOyYeHb! TOH-

KMe MAEHKI OKCMAA TaHTaNA PA3AMYHOM TOALMHBI (5-15 HM), NpW 3TOM 6bina JOCTUHY-

Ta CKOPOCTb pocTa 0,75 Afuukn, a HepaBHOMEPHOCTb TOALLMHBI N0 NAIACTMHE COCTaBINA

MeHblLe 2%.

KntoueBble cnoBa: MempucTop, Pe3nCTUBHOE MepeksioyeHme, GunameHt, okcua
TaHTa/a.

CBepeHus 06 aBTopax:

3i03uH Ceprevi CepreeBuy, KaHAMAAT QuamKo-matematuyeckux Hayk, MOTH, 141701,
Mockoackas 067actb, r. JoAronpyaHbIN, VIKCTuTyTCkii nep., 4. 9; AO «Hay4Ho-
MCCNIEROBATENLCKY MHCTUTYT MOJIEKYISPHON 31EKTPOHMKIY, 124460, r. 3eneHorpag,
y. Akagemuka Bamvesa, 4. 6, cTp. 1, e-mail: szyuzin@niime.ru;

[aHbIKMHA EKaTep1HA AHAPEEBHA, KaHAMAAT QU3NKO-MaTeMaTnyeckux Hayk, MOTH,
141701, Mockosckast 067acTs, r. JJonronpyaHbiA, MHCTuTyTCKA NEp., 4. 9;

AO «HayyHO-CCreR0BaTENLCKA MHCTUTYT MONIEKYIADHO EKTPOHMKMY, 124460,
. 3es1eHorpag, yn. Akaaemnka Bamvesa, 4. 6 cTp. 1, e-mail: eganykina@niime.ru;

T'opoxos Ceprev AnekcaHaposny, MOTH, 141701, MockoBckas 06/acTs,

r. fonronpyaHsiv, MHCTuTyTCkwiA nep., A. 9; AO «HaysHo-ccreaoBaTensckim
VHCTATYT MONIEKY/ISPHOV 31EKTPOHUKIY, 124460, r. 3eneHorpag, yn. Akagemmka
Banwesa, 4. 6, cTp. 1, e-mail: sgorohov@niime.ru;

TuHnaTY MK Pycnan Mapatosuy, AO «HayyHO-UCCIeR0BATENbCKUA MHCTUTYT
MONIEKY /IS PHOV 37EKTPOHMKIY, 124460, r. 3eneHorpag, yi. Akagemnia Bamesa, 4. 6,
ctp. 1, e-mail: rginiyatullin@niime.ru;

I'B034e8 Bragummp Anekcangposu, AO tHay4HO-MCCIR0BATENCKUI MHCTUTYT
MONIEKYISPHOV 37eKTPOHMKIY, 124460, r. 3eneHorpag, yi. Akagemuia Bamesa, 4. 6,
crp. 1, e-mail: vgvozdev@niime.ru;

3accees fcoH eapryesiny, AO «Hay4HO-MCCAER0BATENCKN MHCTUTYT TOYHOIO
MaLLMHOCTPOeHusY, 124460, r. 3eneHorpag, MaHgunosckmi np-T., 4. 10,
e-mail: zasse95@mail.ru;

Pe3BaHoB Ackap AHBApOBUY, KaHAMAAT U3NKO-MaTeMaTndeckux Hayk, MOTY, 141701,
Mockoackas 067acTb, r. JoAronpyaHbIN, VIHCTuTyTCkiA nep., 4. 9; AO «Hay4Ho-
MCCNIER0BATENLCKUY MHCTUTYT MOJIEKYISPHON 31EKTPOHMKIY, 124460, r. 3eneHorpag,
V1. Akagemuka Bamesa, 4. 6, CTp. 1, e-mail: arezvanov@niime.ru

INVESTIGATION OF ATOMIC LAYER DEPOSITION OF Ta, O THIN FILMS USING
TANTALUM ETHOXIDE
The article is dedicated to the deposition of thin films of tantalum oxide using the
domestically produced "lzofaz TM 200-01" ALD system and characterization of the
deposited layers for implementation in ReRAM non-volatile resistive memory storage
elements. Domestically produced tantalum ethoxide Ta(OC,Hs) and oxygen plasma were
used as precursors. Thin films of tantalum oxide with various thicknesses (5-15 nm) were
obtained, growth rate of 0.75 A/cycle and the within-wafer thickness nonuniformity less
than 2% were achieved.
Keywords: memristor, resistive switching, filament, tantalum oxide.
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AHHOTALUU

ABSTRACTS

MOZE/MPOBAHUE BUNOAAPHO-NOIEBOrO TEXHOJIOMMYECKOO MPOLLECCA

CNONHOM AN3NEKTPUYECKOW U30NSLIMEN

B pabote npescTaBneHbl pe3ynbTathl NPUEOPHO-TEXHONOTMYECKOTO MOAENPOBAHNS but-

NONSIPHbIX TPAH3NCTOPOB Ha CTPYKTYPE “KPEMHMI — OKCYA KPEMHIS — KpeMHuit», Cpae-

HeHwe BbIXOAHbIX XapaKTEPUCTIK MOZeNei 1 06pa3LioB TPaH3MCTOPOB M0Ka3an0 BbICOKYKO

TOYHOCTb Pa3paboTaHHON MOAENN. [ yNyHLLEHNS XapaKTEPUCTIK NONEBbIX TPAH3NCTO-

POB C yNPaBAIOLLM p-N-NEPEXOLOM PACCMOTPEHbI BAPUAHTbI KOPPEKLIMIA KOHCTPYKLIAM.

Ha 0CHOBE PaCCYUTAHHOMO TEXHOMOrMYECKOro MapLUpyTa NPOBeLeHO MOAeNMPOBaHIe

TOMOAOrMM 1BYX3aTBOPHOTO MO/IEBOTO TPAH3UCTOPA.

KntoyeBble c10Ba: N0NeBOI TPAH3UCTOP, BUNONAPHAS TEXHONOT S, MPUBOPHO-TEX-
HOMOrM4ECKOe MOLeNMPOBaHME.
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JtokaHoB [aBen Anexceesud, AKLMOHEPHOE 06LLECTBO /In3anH LeHTp “Kpuctam,

105187, Poccus, Mocksa, LLiepbakosckas y., 4. 53, e-mail: pdyukanov@dckristal.com;

Koxyxos Makcym BAagummpoBu, KaHAMAAT TEXHNYECKNX HAYK, SOLEHT, (MOCKOBCKMM
WHCTUTYT 3/1eKTDOHUKM U MaTemMaTuki uMern A.H. TUXOH0Ba» HaunoHanbHoro
MCCIIEL0BATENLCKOO YHUBEPCUTETA “BbICLLUAA LLIKOSIA SKOHOMMKWY, 123458, Poccus,
Mockaa, yn. TanmHckas, 4. 34, e-mail: mkozhukhov@hse.ru;

Toros muTpuii ANeKCaHapoBUY, KaHQMAAT TEXHUYECKNX HAYK, AOLEHT, «MocKoBCKmi
WHCTUTYT 3/1eKTPOHMKY Y MaTeMatnku ymenn A. H. TUXOH0Ba» HaumoHasbHoro
MCCTER0BATENbCKOMO YHUBEPCUTETA (BbiCLUAA LKOSI SKOHOMUKWY, 123458, Poccus,
Mocksa, yn. TanmHckas, 4. 34, e-mail: da.popov@hse.ru;

T'pyLnH AHapevi Viropesuy, AKUMOHepHoe 0614ecTBo «/Ju3aiH LeHTp «Kpuctam, 105187,
Poceus, . MockBa, LLlepbakosckas yn., 4. 53, e-mail: agrushin@dckristal.com;

Vicmann-3aze Mawmes Paiunzosuy, KaHBNAAT TEXHUHECKMX HayK, «MockoBckmi
WHCTUTYT 3/1eKTPOHMKY Y MaTeMatnku ymern A. H. TUXOH0Ba» HaumoHasbHoro
MCCTE0BATENCKOMO YHUBEPCUTETA (BbiCLUAA LKOSIA SKOHOMUKWY, 123458, Poccus,

r. Mockga, yn. TanmmHckas, 4. 34, exmail: mismailzade@hse.ru

CTPYKTYPA U S/IEKTPOOM3NYECKUE CBOMCTBA IBYMEPHOTO MOS,,

CUHTE3UPOBAHHOIO METOAOM MOAN®ULINPOBAHHOIO MOCVD

B aHHoi pabote ByMepHbIA MoS, CUHTE3UPOBANICA METOLOM MOAMGULUMPOBAHHOTO

METaANI00PraHN4eckoro 0CXAEHNS 13 ra30B0M $asbl C MCMOMb30BAHWEM MPEKYPCOPOB

Mo(CO)6 nH,Sc [06aB/eHWem NapoB BOAbI. YCTaHoBAeHO, 470 Mpn 950 °C fo6asneHme

BOAbI MPVBOAWT K YBEWYEHWMIO Pa3MePOB 3EPeH, YTO COMPOBOXAAETCH YMEHbLIEHN-

em CKopocTy pocTa. Mpu Temnepatype 850 °C, Ha060poT, pasmep 36peH yMeHbLIAETCS,

a CKOPOCTb POCTa YBEAMYMBAETCA. MNEHKM, CUHTE3MPOBaHHbIE C BOAOA Npu 850 °C, Bbln

MCMONb30BaHbI 4151 M3rOTOBNEHMS TECTOBbIX TPAH3NCTOPHDIX CTPYKTYP; ONpefeneHbl 1x

OCHOBHbIE XapaKTepucTyKu.

KntoueBble €n0Ba: METaNN00praHMyeckoe XMMUYECKOe OCAXAEHMe U3 ra3oBOv
$a3bl, BYMEPHbIA NOAYNPOBOAHUKOBDI MaTepuan, AnCynbGua MoambaeHa, okuc-
NUTeNbHOE TPaB/eHue.
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MODELING OF A BIPOLAR-FIELD TECHNOLOGICAL PROCESS WITH FULL

DIELECTRIC ISOLATION

The paper presents the results of device and process modeling of bipolar transistors on

a silicon - silicon oxide - silicon structure. A comparison of the output characteristics of

the models and transistor samples showed the high accuracy of the developed model.

To improve the performance of field-effect transistors with a control p-n-junction, design

correctionoptions are considered. Based on the calculated process route, the topology of a

double-gate field-effect transistor was modeled.

Keywords: field-effect transistor, bipolar technology, device and process modeling.
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THE STRUCTURE AND ELECTROPHYSICAL PROPERTIES OF TWO-DIMENSIONAL

MOS, SYNTHESIZED BY THE MODIFIED MOCVD METHOD

In this work, two-dimensional MoS, was synthesized by modified metal-organic vapor-

phase deposition using precursors Mo(CO), and H,S with the addition of water vapor. It

was found that at 950 °C, the addition of water leads to an increase in grain size, which
is accompanied by a decrease in growth rate. At 850 °C, on the contrary, the grain Size
decreases and the growth rate increases. Films synthesized with water at 850 °C were
used to make test transistor structures, and their main characteristics were determined.
Keywords: metal-organic chemical vapor deposition from gas phase, two-
dimensional semiconductor material, molybdenum disulfide, oxidative etching.
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AJIFOPUTM CHKEHWS BANAHNA NAPASUTHBIX JNEMEHTOB
B BbICTPOAEUCTBYIOLLUX LIAM BbICOKOW PA3PIAHOCTH

MpeanaraeTcs anropuTM Mo YAyYLUEHNI0 HEKOTOPbIX CTATUYECKMX W AMHAMMYECKNX Xa-
PaKTEPUCTMK BbICOKOPA3PAAHDIX ObICTPOAeNCTBYIoWMX LIAM NyTEM CHUXEHWS HeraTue-
HOro 3ddexTa OT NapasnTHbIX TONOAOTMYECKMX CONPOTUBAEHMIA 1 EMKOCTEN. [Lnst Konu-
YECTBEHHO OLIeHKI BHECEHHBIX B TOMOAOTMI0 M3MEHEHMIA MPOBEAEH BbIYMCAUTENbHbIN
3KCNEPUMEHT N0 KOMNbITEPHOMY MOAENMPOBAHMIO MIKPOCXeMbl 14-paspsaHoro LA
€ YacToTo npeobpasoBams 1 ML, Pe3ynbTaTel NPeACTaBAEHbI B BUAE TeMNepaTypHON
3aBMCHMOCTY 1 BPEMEHHOM AMarpammMbl BbIXOZHbIX TOKOB LLAM. TemnepaTypHbii ko3¢~
ULMEHT TOKA B BbIXOAHDIX Ki1to4ax LIAM cHypkeH ¢ 64 ppm/° 4o 10 ppm/°; oTnume Toka ot
«1eanbHOro» N0 abCOMOTHOM BENMUMHE BbIXOAHOTO TOKA MAAZLLEr0 3HaYalLero paps-
[a CHVKeHO € 3% 0 0,06%; Bpems YCTaHOB/IEHUSA BbIXOAHOO TOKA MAaALLero 3HaYaLLero
pa3psia CHUXEHO Ha 22%.
Knrouesbie cnoa: V1C, LIAM, TONonoriis, napasuTHble 3/1eMeHTbl.
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MOAE/IMPOBAHWUE TOHKOM/IEHOYHOIO NO/EBOr0 NEYATHOrO

TPAH3UCTOPA C NOYNPOBOAHNKOM IGZO

B paboTe paccmaTpuBaeTcs MOAeMPOBaHMe TOHKOMAEHOYHONO NONEBOrO TPAH3MCTOpa

(TFT) ¢ nonynpOBOAHMKOM Ha OCHOBE aMOP(HHO0 OKCUAA MHAUA-TaNMs-UMHKA (IGZO).

Moka3aHo, 4To IGZO SBNSETCA NepCneKTMBHBIM MATePUaoM AAst TUOKOA 1 NeyaTHON

3NeKTPOHMKM, 06eCMeYMBas BbICOKYIO MOABVKHOCTL HOCUTENEN, CTaBUbHbIE INeKTpUYe-

CKMe NapameTpbl ¥ BO3MOXHOCTb NPUMEHEHIS NS CO3AAHWS NIOTUYECKIX 31eMeHTOB U

MPOCTbIX MUKPOMPOLECCOPOB HOBOTO MOKO/IEHNS. [POaHANM3MPOBAHbI OCHOBHbIE TEXHO-

JIOTUYecKe napameTpbl CTPYKTYPbI, TAKWe Kak TOALLMHA C10St M [UIMHA KaHana, a Takke

WX BAMSHUE HA INEKTPUYECKVE XapaKTepUCTUKY YCTPOIACTBA (MOPOrOBOe HampsXeHHe,

KPYTM3Ha XapaKTePUCTUKM, TOK HACHILLEHNS, TOK yTeYKH). Pe3ynbTaTbl MOAENMPOBAHHS

COMOCTABNSIOTCA C aHANMTUYECKM BbIBEAEHHLIMU 3aBUCUMOCTAMM ANd neyatHbix TFT-

TPaH3MCTOPOB W C U3MEPEHHBIMY IKCNEPUMEHTAbHbIMY JAHHBIMM, YTO JeMOHCTPUPYET

noteHuman IGZO-TFT fns NpuMeHeHns B HW3KO3ATPaTHBIX M MACLITabupyeMbix 3nek-

TPOHHbIX KOMMOHEHTAX.

KntoueBble cnoBa: nonesov Tparanctop, IGZO, MogenmpoBaHye B Sentaurus device.
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ALGORITHM FOR REDUCING THE PARASITIC LAYOUT ELEMENTS' IMPACT IN
HIGH-SPEED HIGH-RESOLUTION DACs
The authars propose an algorithm for improving some static and dynamic characteristics
of high-speed high-resolution DACs by reducing the negative effect of parasitic layout
resistances and capacitances. For a quantitative assessment of the changes made to the
layout, a computational experiment was conducted on a 14-bit DAC IC with a conversion
frequency of 1 GHz. The results are presented as a temperature dependence of output DAC
currentsanda timing diagram of LSB switching process. The temperature coefficient of the
output cells current was reduced from 64 ppm/2 to 10 ppm/®; the difference of output LSB
current value from the "ideal" value was reduced from 3% to 0.06%; the settling time of the
output LSB current was reduced by 22%.
Keywords: IC, DAC, layout, parasitic elements.
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SIMULATION OF A THIN-FILM FIELD-EFFECT PRINTED TRANSISTOR WITH IGZO

SEMICONDUCTOR

The paper considers the simulation of a thinfilm field-effect transistor (TFT)

with a semiconductor based on amorphous indium-gallium-zinc oxide (IGZO). It is shown

that 1GZO is a promising material for flexible and printed electronics, providing high carrier
mobility, stable electrical parameters, and the possibility of using it to create logic elements
and simple next-generation microprocessors. The main technological parameters of
the structure, such as layer thickness and channel length, as well as their impact on the
electrical characteristics of the device (threshold voltage, transconductance, saturation
current, and leakage current), have been analyzed. The simulation results are compared
with analytically derived dependences for printed TFT transistors and with measured
experimental data, which demonstrates the potential of IGZO-TFT for use in low-cost and
scalable electronic components.

Keywords: field-effect transistor, IGZO, simulation in Sentaurus device.
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UCCNELOBAHVE OCOBEHHOCTEM W PA3PABOTKA PEKOMEHALIAN

K METOAMKAM TECTUPOBAHMS MOM-TPAH3MCTOPOB HA CTOMKOCTb

K YOOEKTY TEPMOMO/IEBOI HECTABU/ILHOCTH

B paboTe npezcTaBneHbl pesynbTaTbl IKCNEPUMEHTANLHOTO UCCIEA0BAHNS BAMSHS 30

deKTa BOCCTAHOB/IEHUS XapaKTepUCTUK p-kaHanbHbx MOM-TpaH3MCTopoBs B npoLjecce

WCMbITAHWI HA CTOVKOCTb K 3dEKTY TepMONOAEBOM HECTabMALHOCT. Pa3paboTaHbl pe-

KOMEHZALMM K METOAMKAM TECTUPOBAHNS Y CPEACTBAM NPOBEAEHNS U3MEPEHHIA AN NO-

BblLLIEHS JOCTOBEPHOCTY NOAYHAEMbIX PE3YbTATOB OLIeHKM AT PajaLIni INEKTPUYECKUX

Xxapakrepuctik MOTT-TpaH3uCTopoB.

Kntouesble €10Ba: HALEXHOCTb, YCKOPEHHbIE UCMbITaHWs, MOTT-TpaH3ucTop, Tep-
MOMONIEBas HeCTabUNLHOCTD.
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RESEARCH OF FEATURES AND DEVELOPMENT OF RECOMMENDATIONS FOR
MOSFET BIAS TEMPERATURE INSTABILITY TESTING METHODS
Thearticle presents the results of an experimental study of the recovery effect of p-channel
MOSFETs characteristics during bias temperature instability testing. Recommendations
for testing methods and measurement tools have been developed to improve the reliability
of the obtained results of the MOSFETS electrical characteristics degradation.
Keywords: reliability, accelerated testing, MOSFET, bias temperature instability.
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