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AHHOTALNU

ABSTRACTS

CXEMA OBPABOTKWU CUTHANIOB MATPULL CYUTBIBAHUS U3NYYEHUA

C MNOAABJEHUEM LIYMA U HEOAHOPOJHOCTEM

B cTaTbe mpeAcTaBneHa cxema 06paboTkM CUrHANOB MATpuUUbl ANS CYUTbIBAHWA

NaaaloLLero unyyeHns, MoanduLMpOBaHHas ANS YMeHbLUEHUS TOKOB nepesapsaa

NapasuTHbIX EMKOCTEN 1 HEOBHOPOAHOCTEN N0 BEPTUKANbHON OCU U306PAXKEHNS.

[N CHKEHNS YPOBHSA LLYMA, BOHUKAIOLEro Ha BbIXOAE CXeMbl 06paboTkm cTonbua,

6bl1 NPeAIoXKeHbl ManoLLyMsLLMe CXeMbl GOPMUPOBAHUS HANPSXKEHUS CMeLLeHS,

obecneunsaiolume GopmMUPOBaHHE 33AaHHOTO 3HAYEHNS TOKA Yepe3 akTMBHbIE 3ne-

MEHTbI ¥ 3MEMEHTbI KOMMEHCALMK GOHOBOTO M3nYy4eHMs. OnucaHHbIe Cxembl Takxe

M03BONSIOT CHU3UTDL BANAHWE GANKKEP-LUIYMA W KOMMEHCMPOBATL eANHNYHbIE HEOA-

HOPOAHOCTY 306paxeHus. Mony4eHHOE NPy MOAENMPOBAHN CPeAHEKBAAPATUYHOE

3HayeHme Wwyma CK3 Ha Bbixoge cocTasaseT He bonee 1,55 M3P npu 14-paspsgHom

BbIXOAHOM KOfe.

Kntouesbie cnoBa: KMAM-TEXHONOMS, CXeMbl CYMTLIBAHUA W3/YYEHUA, MasIo-
LyMsLLMe Cxembl 06pabOoTKY CUTHANOB.
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READOUT CIRCUIT FOR RADIATION SENSOR WITH NOISE
AND NON-UNIFORMITY REJECTION
The article presents a radiation reading column readout circuit modified to reduce the
recharge currents of parasitic capacitances and non-uniformity along the vertical axis.
To reduce the noise level at the output of the column processing circuit, low-noise
bias voltage generation circuits for the readout circuit were proposed, providing the
generation of a specified current value through background compensation and active
elements. The described circuits also reduce the effect of flicker noise and compensate
forsingle pixel non-ideality. The resulting noise RMS value at the output is no more than
1.55LSB with a 14-bit output code.
Keywords: CMOS technology, analog to digital converters, radiation sensor circuits,
low-noise circuits.
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ABSTRACTS

MPUMEPbI NPUMEHEHUS NAEHOK 1GZO B BUOCEHCOPUKE

Onucabl THMbI 6I/IOC€HCODOB, CYLLECTBYIOLLMX Ha ,El,aHHbIl7I MOMEHT. aMnepoMeTpuye-
CKMe, NOTEHLMOMETPUYECKIE 1 KOHAYKTOMETPUYECKNME. ﬂpMBOﬂ,ﬂTCH npumepbl C aH-

HbIMM N0 YyBCTBUTELHOCTM. PACCMATPUBAIOTCS MPUMEpbI JAT4MKOB Ha ocHoge IGZO,

WX NPeNMYLLECTBA U YHUKANbHbIE CBOACTBA.

KntoyeBble cnoBa: 610CEHCOP, NONEBON TPAH3MCTOP, Fa30BbIN AATHMK, MAEHKM
1GZ0.
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EXAMLES OF 1GZO FILMS APPLICATIONS IN BIOSENSING
Thearticle is devoted to the description of the types of biosensors currently available:
amperometric potentiometric and conductometric. Examples with sensitivity data
are given. Examples of 1GZ0-based sensors are considered, their advantages and
unique properties are discussed.

Keywords: biosensor, field-effect transistor, gas sensor, IGZO films.
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MUWKPOKOHTPOJIIEP HA BA3E S1[JPA SCR1

B CTaTbe NpeacTaBneHo apxUTEKTYPHOR 1 TOMONOrAYeCKoe NpeACTaBaeHNs papabo-

TaHHOrO MUKPOKOHTPOANEPA Ha Hase BblyMcauTenbHOro sapa SCR1, 2 UART, 1 SPI,

32 noptamu GPIO 1 14-paspsagHeim AL no TexHonorun HCMOS8D Ha ocHoBe cepsica

MPW.

Knrouesbie cnosa: MukpokoHTposnep, ALM, MPW, SCR1, RISC-V.
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MICROCONTROLLER BASED ON CORE SCR1
The paper presents the architectural and topological representation of the developed
microcontroller based on SCR1 computational core, 2 UART, 1 SPI, 32 GPIO ports
and 14-bit ADC using HCMOS8D technology based on MPW service.
Keywords: microcontroller, ADC, MPW, SCR1, RISC-V.
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WUCCNEAOBAHUE 3ABUCMMOCTU BbICOKOYACTOTHbBIX XAPAKTEPUCTUK

CXEM HA OCHOBE KMOT KHU-TEXHO/IOr MU «90 HM» OT NNAPAMETPOB

KOHCTPYKLIUM MEXXCOEAWHEHWUWN TPAH3UCTOPOB
Ha 0CHOBe 371eKTPOMArHUTHOTO MOJENMPOBAHIS UCC/IEA0BAHbI PA3ANYHbIE TOMO-
NOTVN MEXCO.AMHEHINA TPAH3NCTOPOB, PEANN30BAHHbIX B HIKHUX CNOAX MeTan-
Nm3auin v noaukpemnus KHI-texHonoruu ¢ npoekTHbiMiU Hopmamu 90 Hu. Lie-
b0 paboTbl ABAANACH ONTUMM3IALMS KOHCTPYKLMA MEXCORANHEHNI TPAH3NCTO-
POB AN MAHUMI3ALMN NOTEP A MOCNEAYIOLLETO BKMOYEHMSA NOMYYEHHbIX AAHHbIX
B NMapaMeTpK30BaHHbIe SYelku KOMMeKTa CPeACTB NPOeKTUPOBaHKS. B pe3ynb-
TaTe aHaNN3a BbISBNEHbI XapaKTepHble 0C06eHHOCTY 0cnabneHns ko3hduumeHTa
nepesayuv B CTPYKTYPaXx, NpefHa3HayeHHbIX AN YCUANTEbHDIX U NepekoyaTeNt-
HbIX TPAH3MCTOPOB C PA3NNYHbBIMM BAPUAHTAMI PEAAN3ALINMN MEXCOEANHERNN.
Kntoyesbie cnosa: KMOTT, KHW, BEOL, FEOL, CBY, MexcoeanHeHus.
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ANALYSIS OF HIGH FREQUENCY CHARACTERISTICS DEPENDENCE OF 90NM

SOI CMOS TECHNOLOGY BASED CIRCUITS ON DESIGN PARAMETERS OF

TRANSISTOR INTERCONNECTS
Based on electromagnetic modeling, various interconnection layouts for
transistors implemented in the lower metallization and polysilicon layers of SOI
90 nm technology were investigated. The purpose of this work was to optimize
transistor interconnect designs to minimize losses and then include the obtained
data in parameterized cells of the design kit. As a result, characteristic features of
transmission coefficient attenuation in structures designed for amplification and
switching transistors with various interconnections were identified.

Keywords: CMOS, SOI, RF, MMIC, FEOL, BEOL, FET interconnects.
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OCOBEHHOCTU BCTPAUBAHMS J/IEMEHTOB SHEPFOHE3ABUCUMOMN
NAMATHU B KMOM-TEXHO/IOT U0
B 0630pe npeacTaBneH KOMMAEKCHBI aHanU3 KOHCTPYKTUBHO-TEXHONOMMYECKIX 0CO-
BEHHOCTEl MHTErpaLim pasanyHbIX TUMOB SHEProHE3aBUCUMON NaMSTH B TEXHONOM -
yecku 6asuc KMOM CBUC. VccnenoBaHbl GyHAaMeHTanbHble MPUHLMMLI GYHKLMOHN-
POBAHMS W CTPYKTYPHbIE XapaKTEPUCTUKMA Hanbonee pacnpoCTPaHEHHbIX apxUTeKTYp
3HeproHe3asncuMon namati: FLASH, EEPROM, SONOS, FeRAM, MRAM u pe3nctus-
Hoit (ReRAM, PCM) namaTy. [leTanbHo paccMOTpeH 6a30Bbiit MapLUpYT U3rOTOBNEHNS
CybMmUKpoHHbIX KMOM CBIC ¢ pasaeneHnem Ha 3Tanbl FEOL v BEOL. Ha ocHoBe aHa-
/133 COBPEMEHHOI HaY4HO-TEXHIYECKOW IUTEPaTypbl BbIABNEHD! KKOYeBble Npobaembl
1 TEXHO/IOTMYECKIe OrpaHUYeHIs Npy BCTPaMBaHUIA KAXKOr0 TUMA NamsTy, BKIKOYas
TEPMUYECKYI0 HECOBMECTUMOCTb, MaTepuanoBeayeckve acmekTbl, HeOBXoAMMOCTb
BBEZEHA JONOAHUTENbHBIX GOTOANUTOrpadryeCKX onepaLyi 1 MOANOUKALMIO CyLLe-
CTBYIOLLIMX TEXHO/IOTMYECKMX NPOLieccoB. CUCTEMATI3MPOBAHbI COBPEMEHHbIE METOAbI
NPeoaoNeHIs YKa3aHHbIX OrpaHUYeHMi, B YaCTHOCTY, NMPUMEHeHWe HU3KoTemnepa-
TYPHbIX METOA0B OCXAEHUA, ONTUMU3ALMAS TEPMUYECKUX PEXUMOB, UCNO/b30BAHME
6apbepHbIX CNOEB 1 CMeLManbHbIX apXUTEKTYPHBIX PeLLeHUi. peaCTaBaeHHbIE Pesyb-
TaTbl MIMEIOT CyLLECTBEHHOE 3Ha4YeHMe 15 Pa3paboTKy HOBbIX TEXHONOTMYECKNX MapLL-
PYTOB 11 ONTUMM3ALMM CYLLECTBYIOLLMX NPOLLECCOB M3TOTOB/IEHUS UHTETPA/IbHbIX CXeM
C BCTPOEHHOW 3HEPrOHe3aBMUCMMON NAMATLIO.

Kntouesbie cnosa: JHIM, KMOTI, 3HeproHe3sasucumas namsto, 03Y.
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FEATURES OF EMBEDDING NON-VOLATILE MEMORY ELEMENTS
IN CMOS TECHNOLOGY
This review article provides a comprehensive analysis of the structural and technological
aspects of integrating various types of non-volatile memory into CMOS VLS| technology.
It examines the fundamental operating principles and structural characteristics of the
most widely used non-volatile memory architectures, including FLASH, EEPROM, SONOS,
FeRAM, MRAM, and resistive memory (ReRAM, PCM). The paper also presents a detailed
breakdown of the submicron CMOS VLS fabrication process, distinguishing between the
FEOL and BEOL stages. Based on an extensive review of current scientific and technical
literature, the study identifies key challenges and technological constraints inembedding
each type of memory, such as thermal incompatibility, material limitations, the need for
additional photolithographic steps, and modifications to existing fabrication processes.
The article systematizes modern strategies for overcoming these barriers, including
low-temperature deposition techniques, optimized thermal processing, barrier layer
implementation, and specialized architectural solutions. These findings contribute to
the development of new fabrication approaches and the refinement of existing processes
forintegrating non-volatile memory into advanced semiconductor devices.
Keywords: NVM, CMOS, non-volatile memory, RAM.
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AV3NEKTPUYECKME CBOMCTBA KEPAMUYECKUX OBPA3LLOB CUCTEMbI
(1-x)BaTi03'beFemeO;, x=0-0,10 C JOBABKAMUW NErKOMAABKUX
KOMIMOHEHT Pb.Ge,0,, 1 Na,B,0,
C Lienbio paspaboTkv HOBbIX AVINEKTPUYECKMX KOHAEHCATOPHbIX MATepUanos Ha OCHO-
Be TUTaHaTa 6apua BaTiO, (BT) ¢ NOBbILEHHOI TEPMOCTABUNBHOCTLIO AN3NEKTPHYECKON
MPOHMLIAEMOCTI € W TIOHVXEHHO TEMNEpaTypOiA Criekanst (T;) KepammKki Bbin CUHTe-
311pOBAHbI Kepamieckvie 06pasLibl cucTembl (1-X)BT - xPbFe,;W, 50, ((1-X)BT - XPFW),
x=0-0,15, a Takoke 06pa3Libl 3TON CUCTEMbI C f06ABKAMM 1erKOMAABKMX CTEKN006pa3yio-
Lupx oMMoHeHT Pb,Ge;0,; (PGO)Na,B,0; (NBO) - (1-X)BT - XPFW) +y Mac.% PGO+Zmac. %
NBO, x=0-0,10, y, z=0-8. BbiNONHeHHDIA PEHTTEHOMA30BLIN aHANM3 NOKA3aN, YTO
npeobnagatolLer Gasor B CUHTE3MPOBAHHLIX 06pa3Lax SBAAIOTCS TBEpAblE PACTBOPLI
€O CTPYKTYPOW NepoBCKMTA. M3y4eHbl TeMMepaTypHO-4aCTOTHbIE 3aBUCUMOCTM An3neK-
TpHYeckoit npoHuuaemocTy &(T, f) U TaHreHca yraa auanextpuyeckux noteps tgd(T, f),
yCTaHOBAeHO, YT fobasku PFW, PGO, NBO cMeLuatoT To4Ky Kiopu T, B 061acTb koM-
HaTHO/ TeMMEpaTypbl, Bbi3bIBAIOT Pa3MbiTUe Nuka Ha 3aBucumocTy &(T, ) v noBbilue-
Hue TEpMOCTABUNLHOCTI €, OHU MOHMXAIOT Tg 10 1300°C (PFW), 1100°C (PFW + PGO),
960°C (PFW + PGO + NBO). Kepammka ¢ x = 0,085, y =5, 2 = 3 xapakTepu3yeTca B o6nac-
TV KOMHATHO# TeMnepaTypbl BbCOKoi € (>1000), Hu3KkiM tgd (< 0,02), BbICOKOH TEpMO-
CTabunbHOCTbI0 (Ag/e < 15%), a Taloke CPaBHUTENbHO HU3KOI T, (960 °C) 4o fenaer ee
NepcnekTUBHON ANS CO3AAHMS MHOTOCAOMHBIX BbICOKOBMKOCTHbIX KOH/EHCATOPOB CO
CPaBHMTENBHO ZeLLieBbIMY MEXCOEBLIMM 31eKTPOZAMM C NerKOnAaBKMMY BHYTPEHHUMU
30eKTpoaamy Tuna Ag uav cnnasos Ag/Pd.

Kntouesble cnoBa: KoHaeHcaTopHas kepamuka, MLCCs, cucrema BaTiO,-

PbFe,3W,50;, HM3KONNaBKMe CTeknoobpasyiolume [06aBKN, PeHTreHO(Ga30BbIA

aHanu3, [MaNeKTpUYeckme CBOMCTBA.
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DIELECTRIC PROPERTIES OF CERAMIC SAMPLES OF THE
(1-x)BaTiO,* xPbFe,;W,;0,, X = 0~0.10 SYSTEM WITH ADDITIVES OF LOW-MELTING
COMPONENTS Pb,Ge,0;, AND Na,B,0,
Ceramic samples of the (1-x)BT:xPbFe,;W; ;505 ((1-X)BTXPFW), x=0-0.15 system as
well as samples of this system with additives of low-melting glass-forming components
Pb;Ge,0;; (PGO) and Na,B,0;, (NBO) - (L-x)BT-xPFW)+y wt.% PGO+z wt.% NBO,
x=0-0.10, y, z=0-8 were synthesized in order to develop new dielectric capacitor
materials based on barium titanate BaTiO, (BT) with increased thermal stability of
dielectric permittivity € and reduced sintering temperature (T) of ceramics. X-ray
diffractionphaseanalysis showed that the predominant phasein the synthesized samples
are solid solutions with a perovskite structure. The temperature-frequency dependences
of the dielectric permittivity €(T, f) and the tangent of the dielectric loss angle tand(T, f)
were studied, and it was found that the additives PFW, PGO, and NBO shift the Curie point
T, to room temperature, causing a blurring of the peak on the dependence (T, f) and an
increase in thermal stability €, they lower the T, to 1300°C (PFW), 1100°C (PFW + PGO),
960°C (PFW + PGO + NBO). Ceramics with x=0.085, y=5, and z=3 are characterized
in the room temperature range by high ¢ (> 1000), low tand (< 0.02), and high thermal
stability (Ae/e < 15%), as well as a relatively low T (960°C), which makes it promising for
creating multilayer high-capacity capacitors with relatively cheap interlayer electrodes
with low-melting internal electrodes of the Ag type or Ag/Pd alloys.
Keywords: capacitor ceramics, MLCCs, BaTiO,~PbFe,;W; 50, system, low-melting
glass-forming additives, X-ray phase analysis, dielectric properties.
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NCCAEQOBAHUE PACO3HABAEMOCTH YTEYKU MHOOPMALIAK
MO CTOPOHHUM KAHAJIAM 3JIEKTPOMUTAHWA NPU OMEPALUU 3ANUCK
B PETMCTP C UICMO/Ib3OBAHWEM NJINC
MccnenoBanbl Grandeckme MPUHLMMLI UCTOYHIKOB 3HEPTONOTPEOAEHIS B COBPEMEH-
HbIX Lndpobix KMOM-cxemax. Pa3paboTaHa MeTOAMKa AeTeKTUPOBAHNSA BCMNECKOB
3HepronoTpebaeHns MUKpOCXeMbl B NPOLIECCE ONepaLymu 3anmACk AaHHBIX B PErucTp C
ncnonb3osayem MANC. PaccmMoTpeHbl pa3anyHble NoAXoabl NPOrpaMmMHON 06paboTki
Pe3yNbTaToB M3MEPEHNI C LieNbIo TOYHOTO ONPeAeNeHIs COOTBETCTBIS MeXay rpynna-
MV KPVBBIX 151 PA3INYHbIX BECOB X3MMUHIA MUKPOCXEMDbI.
Kntouesbie cnoBa: M/11C, peructp, aHann3 3HepronoTpebneHns, oLeHka pacnos-
HaBaeMOCTH [iaHHbIX, BEC XIMMUHT, AUCTAHLMA XIMMUHTa.
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AN INVESTIGATION OF INFORMATION LEAKAGE RECOGNIZABILITY OF REGISTER
WRITE OPERATION THROUGH SIDE-CHANNEL POWER CHANNELS USING FPGA
Physical principles of power consumption sources in modern digital CMOS circuits are
investigated. The technique of detecting edges of chip power consumption during the
process of data write operation to the FPGA register is developed. Various approaches
of software processing of measurement results are considered in order to accurately
determine the correspondence between groups of curves for different Hamming weights
in chip.

szwords: FPGA, register, power analysis, disclosure of data, Hamming weight,

Hamming distance.
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MOJE/IbHO-AHA/IMTUYECKOE UCCIEOBAHUE INEKTPOMEXAHUYECKUX

CBOWMCTB FMBPUAHBIX OPFAHOCUMKATHBIX MAEHOK

[Py MOMOLLY MOAEAMPOBAHISA U3 NEPBLIX MPUHLIMMOB 1 aHAMUTUYECKIX PACYETOB bbIN0

YCTaHOBAEHO, KaK KOHLIeHTPALMY TePMUHANbHDIX METUABHBIX U HEH30MbHDIX MOCTUKO-

BbIX FPYNN BAUSIOT HA MEXaHWYECKHe 1 AINEKTPUYECKME XapaKTePUCTUKM OpraHoCK-

JKATHOTO AU3N1EKTPUKa.

Kntouesble cnosa: low-k, ananektpuyeckas noCcTosHHas, MoAENMPOBaHHe 13 nep-
BbIX MPVHLMNOB, MOCTUKOBbIE FPYNMbl, TePMUHANbHBIE YL
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MODELING AND ANALYTICAL STUDY OF ELECTROMECHANICAL PROPERTIES OF
HYBRID ORGANOSILICATE FILMS
Through first-principles modeling and analytical calculations, information on the
influence of the concentrations of terminal methyl and benzene bridging groups in the
organosilicate dielectric on the mechanical and dielectric characteristics was obtained.
Keywords: low-k, dielectric constant, ab initio modeling, bridging groups, terminal
groups.
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