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CJIOBO PEOAKTOPA

YBAXAEMDIE HATATEJIN!

ITepen BaMHU odepeAHOM 193-H BBIIIYCK HAyYHO-TeXHH-
YeCKOro KypHaJia «3JIeKTpOHHas TexHHKa. Cepusd 3.
MUKPO3/IeKTPOHHKAY .

B 1aHHOM HOMepe BHHMMaHHMe YHTaTelel KypHa-
7a TIPUBJEKYT TeMaTH4yeckHe MaTepHasbl, Omybiu-
KOBaHHBbIe ITI0f, pyOpuKamu: «Pa3paboTka M KOHCT-
pyrpoBaHHe», «IIporecchl U TeXHOIOrua», «CBOMCTBa
MaTepHasioB», «MaTeMaTHYeCcKoe MOAeIHPOBAHUEe?,
«HamesKHOCTBY .

BeIITycK >KypHajia IIPeACTaBJIeH CEMBIO OPUIH-
HaJIPHBIMU CTAThSIMH, IIOCBAIIEHHBIMHU pe3ylbTaTaM
aKTyaJIbHBIX HayYHBIX UCCIeJOBAHHH .

Homep oTKpeIBaeTcs pasnesnom «Pa3paboTKa U KOH-
CTPyHUpPOBaHHE», B KOTOPOM IIpe/CTaB/ieHa CTaThs, [10-
CBsilleHHasl pa3paboTke M aHAIM3y XapaKTePHUCTHK
SPDT KoMMyTaTopa X-AHAaIla30HA YacTOT Ha OCHOBe
KMOII 90 HM TexXHOJIOTHH.

B mepBou CTaTbe Cllefymolero pasgena «IIpomeccsl
M TeXHOJIOTHSI» PaCCMOTPeHBI ITpobieMBbl U XPOHOJIO-
Ul IPUMEeHEeHH S MeTOJ0B XMMHYECKOr0 OCaKAeHU S
M3 ra30BoM ¢a3el (XOI'P) TOHKHUX IUIEHOK Ha OCHOBE JTH-
OKCHA KPeMHUS )11 QOPMHPOBAHUS M30/ISLIMOHHBIX
y3JI0B MHTerpaibHblx MUKpocxeM (MMC) c IpoeKTHO-
TexXHOJOru4YecKUMU HopMmamu (IITH) ot 500 HM [0
14 um,

Bo BTOpOM CTaTbe LAaHHOIO pasfesia IPoBelieH CPaB-
HUTe/IbHBIN aHa/lIN3 I1apaMeTpoB IIJIa3sMbl KM 3aKO-
HOMEpHOCTeH pPeakTHBHO-MOHHOIO TpaB/leHHUs Zr0,
B cMmecsix BCl; + Ar u BCl; + He mepeMeHHOro Havdaab-
HOI'O COCTaBa.

B paspene «CBOMCTBa MaTepHa/IOB» IIPOBeJieH aHa-
N3 NPUYMUH cOOEB M Pa3THUUYMI B IOITOBEYHOCTH
ReRAM 371eMeHTOB ITaMATH Ha 6a3e HekoTopaix high-k
JIHU3JIeKTPHUKOB.

B mepBol cTaTbe pa3fena «MaTeMaTH4uecKoe MoJe-
JTMpOBaHHe» HCCIeJOBAaHbI XapaKTePUCTUKU JUHAMU-
YecKOro IMara3oHa MHOIOKaHAIbHOM GOTO SUeHKH.

B ciepyromiert paboTe pemraeTcs 3aaua Mofe/Ilpo-
BaHHUSI 06beMHOMN IIOTHOCTH 3HEpPruu AedopMaluu
B Me30IIOPUCTBIX CTPYKTYPax Ha OCHOBe KPeMHHUS C ajl-
cOpOHPOBAaHHOM BOZIOM, 3aMep3IIeH B YCIOBHUSX IIPO-
CTPaHCTBEHHOI'0 orpaHUYeHHUs (KOHPANHMEHTA).

B 3axnounuTenbHoM 610Ke «Han@sKHOCTH? paccMa-
TPUBAIOTCS ITPO6IeMBI OTKA30B PabOTHI HHTETPATIBHBIX
mukpocxem (MMC), BbI3BaHHBIX 3ddeKTaMU pacipo-
CTPaHEeHHsI 3apsSoB U 06pa30oBaHUS MTapa3UTHBIX Ka-
HaJIOB, a TakKe HX IpefoTBpallleHHe Ha Hada/bHBIX
3TaIlax IPOeKTHPOBAHUS.

[IpurnamaeM BCex 3aMHTEePeCOBAaHHBIX YHTATeNleH
K COTPyJHHUYeCTBY!

CysaxeHuem,
21a8Hblil pedakmop xypHaaa,
akademux PAH
I'.4. KpacHukos
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Onepexas BpeMs

HNNMDO

co3paem byaywee

KPATKAA JIETOMNCb HAYHYHO-UCCJIEAOBATEJ/IbCKOIO MHCTUTYTA
MOJIEKYJIAPHOW SNTEKTPOHUKUA

1964 r. - TIpukasom ['ocymapCcTBEHHOIO KOMMTETA I10
371eKTpoHHOM TexHHUKe CCCP N2 50 oT 9 MapTa 1964 roga
opranu3oBaH HUH MoneKy/IsIpHO 3/1eKTPOHUKH.

C storo moMmeHTa HUMMD mONMy4YH/I YHHUKATIbHBIH
CTaTyC U JaJbHelIIee pa3BUTHe KaK IIepeioBas oTede-
CTBeHHas Hay4Hasl IIIKo/Ia B 06/1acTH pa3paboTku 6a3o-
BBIX TeXHOJIOTHUeCKHX IIPOLeCcCOB U M3/e/IHE MHUKPO-
3JIEKTPOHUKH.

1966 r. - B HKMMD opraHu30BaH OIBITHBIM L1eX I10
BBIITYCKY MHKpOCXeM COBCTBeHHOH pa3paboTKu. Briep-
Bble B OTPAC/IH pa3paboTaH 6a30BBIN IIAHAPHO-3IIH-
TaKCHAIbHBIA TeXHOJIOTHYEeCKHUH IIPOLecC U3rOoTOBIIe-
HUs HC c u3onsnmer KOMIIOHEHTOB P-II IlepeXoJaMU.
Hauar BeIycK sioruveckux (ATJI) u THHENHBIX (YCH-
JIUTe/IN IIOCTOSHHOTO U IIePeMeHHOr0 TOKa) MHKPO-
cxeM. Beimymeno 100 000 MuUKpocxeMm.

1967 r. - IIpuka3oM MUHUCTPA 371eKTPOHHOL I1PO-
mbinieHHOCTH CCCP Ne 35 o1 12.01.1967. 1 peBpans
1967 r. mpu HUKMM3 opraHn30BaH 3aBOJ MHTEIPa/Ib-
HBIX cXeM «MHKPOH”.

1970 r. - Pa3paboTaHa TeXHOJIOI'HSI U3TOTOB/IEHUS
KpeMHHEeBbIX HHTeIPajbHbIX cxeM Ha MOII TpaH3u-
CTOpax.

1970 r. - Co3maHbl IlepBble B MUPe GyHKIIMOHAb-
Hble ITpHOOPHI Ha I10/IeBBIX TPAH3UCTOPAX C 3aTBOPOM
[lotTKHM U1 Tprbopamu [aHHA HA OGHOM KPHCTAJLIe.

1970 . - BriepBhle B cTpaHe pa3paboTaHa iaHap-
Hasl TeXHOJIOI'HS apPCeHM /- Ta/UIMeBbIX MUKPOCXEM.

1974 r. - BepBble B MUPOBOH IIPaKTHKe pa3pabo-
TaH C11ocob M3roToBneHUs CTPYKTYpsl MC ¢ 60KoBOI
H30/Is1]ell KOMIIOHEHTOB AU3/1eKTPUKOM (IIpoliecc
«3THUIIIAHAPY).

1977 r. - Pa3paboTaH IepBBIK OTeUYeCTBEHHBIN
TeXIIpoLiecC U3roTos/eHus HC ¢ U30/1s1Hel OKHUC/IOM
(«m30II1aHAp”») — OCHOBA ITPOU3BOACTBA OUITONSIPHBIX
HC niocsienyromiero rokoJieHus .

1983 r. - OpraHH30BaH IPOMBIIJIEHHBIM BBIIIYCK
0a30BBIX MATPHUUHBIX KPHCTAIIOB [Jsi obecriedyeHUs
371eMeHTHOM 6a3011 oTedecTBeHHBIX OBM pasjInyuHOro
HasHayeHUs.

1985 r. - Pa3paborana KMOII texHomorust «ME3A-
I[TJIAHAP».

1986 . - Pa3paboraHa oOTedyecTBeHHasl CyIepCo-
BMelIleHHasi TexHonorus (CCT) monydeHus 6umnomnsp-
HBIX TPAH3HCTOPOB C BBICOKOM CTEIeHbI0 HHTEerPalluu
u b6bicTpomerictBieM 0,15 Hc.

1993 r. - BriepBble B CTpaHe HaJIaXKeHO IPOM3BOACT-
BO Cy6OMHUKpPOHHBIX BHC ¢ MUHUMAaJIbHBIM Pa3MepoM
0,8 MKkM Ha 150 MM KpeMHHUEBBIX IIJIACTUHAX.

1997 r. - Co3pmaHa 37meMeHTHast 6a3a coBpeMeHHBIX
BuKMOII UC ¢ UCIIONB30BaHUEM CaAMOCOBMeIeHHOHI
TeXHOJIOTHH.

2008 r. - OcBOeHA TEXHOJIOTHS C IIPOEKTHBIMU HOP-
Mamu 180 HM.

2012 r. - OcBoeHa TeXHOJIOTHS C IIPOEKTHBIMU HOP-
maMu 90 HM.

2015r. - Pa3paboraH ywun mas HanuoHaTpHOU
CUCTeMBI IIJIaTeXKHBIX KapT «MUP», SBIISIIOMNICS OCHO-
BoM 6e30r1acHOro GyHKIIMOHUPOBAHHS HALIOHAJIBHOMN
IIJIATeSKHOM CHCTEeMEL.

2016r. - PacnopsskeHuem IlpaButennsctBa PO
HHMM>3 omnpeneneH opraHu3alilier, OTBETCTBEHHOM
3a peayr3alyiio0 IIPUOPUTETHOTO TEeXHOJIOTHYeCKOro
HaIlpaB/eHHsl «3JIEKTPOHHBIE TEeXHOJOIMKU» POCCHH.
B atom cTratyce HUMM?D ocyIiiecTB/IseT KOOPAUHALIKIO
JesiTeJIbHOCTU HayYHBIX U IIPOU3BOACTBEHHBIX YUPEK-
IeHUH MHKPO3JIEKTPOHHOM oTpaciu PP mo paspabor-
Ke U [IPUMEHEHHIO OTeYeCTBEeHHOH 37IeMeHTHOH 6a3bl
B 9JIeKTPOHHBIX U3/Ie/THIX POCCUHCKOr0 IIPOU3BOACTBA.

2022r. - TeHepanbHBIM gupeKTOp AO «HHHM3»
akageMuk PAH KpacHHKOB TeHHanul SIKOBJIeBUY
n36paH IIpe3uieHTOM POCCHIICKOM aKaJJleMHUH HayK.
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AHHOTALUMUMN

ABSTRACTS

PA3PABOTKA KMOIN CBY KOMMYTATOPA X-OWAMA30HA

CraTbs NOCBALLEHa pa3paboTke U aHanu3y xapakTepucTik SPDT KoMMyTaTopa X-Anana-

30Ha YacToT Ha ocHose KMOIT 90 HM TexHonoru.

[InstynydLLeHna XapakTepucTuK KOMMYTaTopa UCnosb3oBanoch CXeMOTEXHUYECKOR
peLLeHue C N1aBaloLLMM NOTeHLMaNoM Tena TpaH3ucTopa. NpuBefeHbl TeopeTuyeckme
060CHOBAHWS 1 aHa OLeHKa IQHEKTUBHOCTI MCNONb30BAHMS AAHHOTO TEXHUYECKOro
peLUeHs Ans pa3paboTku KoYeBbIX CxeM Ha OCHOBe TexHonorui KMOTT.

Pa3paboTaHHas cxema SPDT KOMMyTaTopa AEMOHCTPUPYET CHUXEHME YPOBHSA
BHOCMMbIX MOTEPb MPU COXPaHEHWM BbICOKOrO YPOBHA M30MALMM W CYLLECTBEHHOR
MOBbILLEHME YPOBHS BbIXOAHON MOLLHOCTH.

Kntouesble cnosa: KMOTI, CBY, X-auanasoH, CBY-nepekntoyatenb, NnasatoLmi

noTexuuan.

CsepieHus 06 aBTopax:

Jloces Biagynmup Bs4ecnaBosuny, JOKTOP TEXHUHECKMX HaYK, MPOPEccop,

VIHCTUTYT MHTEr panbHOW 37EKTPOHNKY HaLMOHaNbHOT0 NCCAIEA0BATENbCKOrO

yHuBEPCHTETa “MOCKOBCKMIA MHCTUTYT 31EKTPOHHOM TeXHUKWY, . LLokwHa, 1,

3enerorpag, Mocksa, 124498, e-mail: dsd@miee.ru;

YanswirvH Kopui AnexcaapoBuy, JOKTOP TEXHYECKUX HAYK, MPogeccap,
akagemvk PAH, npesnaeHT HaumoHanbHoro nccaef08aTesbCckoro yHMBEpcuTeTa
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KoTnspos Esrermi lOpbeBid, HauyoHa bHbIA MCCIER0BATENbCKIA YHUBEPCUTET
«MOCKOBCKMA MHCTUTYT 31EKTPOHHOM TeXHUKY, . LLoknHa, 1, 3eneHorpag,
Mockga, 124498, AKLMOHEPHOE 0BLUECTBO “HaY4HO-MCCNEL0BATENLCKUA MHCTUTYT
MONEKYISPHON 3NEKTPOHNKWY, 124460, Poccus, Mocksa, 3enieHorpag,
yn. Akagemuka Banmesa, 6/1, e-mail: ekotlyarov@niime.ru;

Xnbi608 Anekcanap VIBaHoBIY, KaHAMAAT TEXHNYECKUX HAYK, HALMOHaNbHbIN
NCCAeA0BATENbCKIIA YHUBEPCUTET «MOCKOBCKIN MHCTUTYT 371€KTPOHHON TEXHUKUY,
1. WoknHa, 1, 3eneHorpag, Mocksa, 124498, e-mail: alex1818@yandex.ru;

PoznoHoB [leHnc BragnmmupoBnd, HaumoHa bHbIi MCCAER0BATENbCKIUA YHUBEPCUTET
«MOCKOBCKNI MHCTUTYT 3NEKTDOHHOM TexHukimy, . LLiokuHa, 1, 3eneHorpag,
Mocksa, 124498, e-mail: denis.rodionov@gmail.com

3BOJIIOLNA GAP-FILL METOZ0B CO3[AHUS U30/IMPYIOLLMX OB/IACTEN
B unTerpanbHbix Mukpocxemax TOHKUMU NAEHKAMM AMOKCUAA KPEMHUA
Yactb 1. Mpo6nembl U XpOHONOTUS peLeHuit
(0630p)
PaccMOoTpeHbl NPpoBaembl 1 XPOHOAOT S MPUMEHEHUS METOLOB XMMUYECKOrO OCaxpe-
Hust 13 ra30B0iA Ba3bl (XOT®) TOHKYX MNIEHOK Ha OCHOBE AMOKCUAA KpeMHUS Ans Gop-
MWPOBAHWS U307ISLIMOHHBIX y370B MHTEr pasbHbIx MUKpocxeM (IMC) ¢ pOeKTHO-TexHO-
noruyeckmmu Hopmamu (MTH) 500 — 14 HmM. PaboTa COCTOMT U3 NSTY YacTeid. B nepsoit
4aCTv 06CYXAAIOTCS BOMPOCHI KOHPOPMHOCTM POCTA TOHKMX MNEHOK Ha BEPTUKANbHbIX
3nemenTax pensedax MMC u Ka4ecTBeHHOr0 6e3nyCTOTHOr0 GOPMMUPOBAHWS MAEHOK
«gap-fill» B 3a30pax penbeda MMC. Moka3aHbl XpOHONOTU4ECKIe U3MEHEHNS NOAXOA0B
K BbIGOPY NpoLieccoB XOT® TOHKMX NABHOK ANd Co3AaHMs Y3108 UMC «noBepxHOCT-
Hble KaHaBKVM 11 «NpeSMeTannyeckuit AMaNeKTpuKy. [N CpaBHEHMS BO3MOXHOCTEN
“gap-fill" pa3nuyHbix npoLieccos XOT® nokasaHa 3GGeKTUBHOCTb MCMONb30BAHNS NPes-
NOXEHHOrO aBTOPOM 11 IKCMEPUMEHTANbHO OMPEAENSeMOro KOMYECTBEHHOO Napawme-
TPa YCAOXHOCTb CTPYKTYPbI, SCv. 3TOT NapameTp xapakTepu3yer KpUTUYecKme yCnoBna
6e3MyCTOTHOrO 3an0NHeHNs kaHasok/oTBepcTuit penbeda MMC wipnHon Gy U Bbl-
coToi (rny6uHoM) He;, cornacHo cooTHowerns SCyi = AR e/ Geges € AR = Heie G
MpeanoxeHa auarpamma, 0T06paxaloLLas XpOHONOrMYeCke NPOrHO3HbIE N3MeHeHMs:
CNIOXHOCTY MUKPO3NEKTPOHHbIX 3NEMEHTOB U KPUTUAHECKIX BENMYMH AN 6e3nyCTOTHO-
r0 3aN0NHEHWS 0CAXAEHHbIMY MaTepuanamm 3a30pos B penbedax MMC.
Kntouesble €noBa: TOHKME NAEHKM, XMMUYECKOe OCX/AEHME 13 ra3oBoi dasbl,
LAVNOKCWE, KPEMHIA 1 CUNNKATHbIE CTEKNA, KOHOOPMHOCTb OCaXAEHS, 3anoNHeHue
nycrot penbeda NMC, CNOXHOCTb CTPYKTYP.
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CMOS X-BAND SPDT SWITCH DESIGN

Thearticle is devoted to the development and analysis of the characteristics of an X-band

single-pole double-throw (SPDT) switch, which is designed using complementary metal-

oxide-semiconductor (CMOS) 90-nm technology.

Toimprove the characteristics of the switcha circuit containing a transistor with the
floating body. Theoretical justifications are given, and an assessment of the effectiveness
of using this technical solution for the development of key circuits based on CMOS
technologies is given.

The developed SPDT circuit demonstrates a decrease in the level of losses introduced
during switching while maintaining a high level of isolation and a significant increase
of the output power level.

Keywords: RFIC, CMOS, NMOS, X-band, SPDT, floating body.
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EVOLUTION OF GAP-FILL METHODS FOR CREATION OF INSULATORY REGIONS
IN INTEGRATED CIRCUITS USING THIN FILMS OF SILICON DIOXIDE
PART 1. PROBLEMS AND CHRONOLOGY OF SOLUTIONS
The problems and chronology of the application of methods of chemical vapor deposition
(CVD) of thin films based on silicon dioxide for the formation of insulating units of
integrated circuits (ICs) with design and technology nodes of 50014 nm are considered.
The work consists of five parts. The first part discusses the issues of conformal growth of
thin films on vertical elements of IC reliefs and high-quality void-free formation of “gap-
fill"filmsin the gaps of the IC relief. Chronological changes in approaches to the selection
of CVD. processes of thin films for creating “surface trenches” and “pre-metal dielectric”
IC units are shown. To compare the “gap-fill" capabilities of various CVD processes, the
effectiveness of using the quantitative parameter “structure complexity, SC" proposed by
the author and experimentally determined is shown. This parameter characterizes the
critical conditions for void-free filling of trenches/holes of the ICrelief with width G, and
height (depth) H,,, according to the relation SCy;, = AR /Gy, Where AR, = Heie/ G
A diagram is proposed that displays chronological forecast changes in the complexity
of microelectronic elements and critical values for void-free filling of gaps in IC reliefs
with deposited materials.

Keywords: thin films, chemical vapor deposition, silicon dioxide and silicate glasses,

thin film conformality, filling voids in IC relief, structural complexity.
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OU3NKO-XUMUYECKUE ACMEKTDI «CYXOr O» TPAB/IEHWS ZrO, B NNA3ME BCl,:

3PPEKT MHEPTHOIO FA3A-HOCUTENS

MpoBezieHo CPaBHUTENbHOE MCCNeL0BaHME NapamMeTpoB Mna3mbl U 3aKOHOMEPHOCTeN

PeakTUBHO-MOHHOTO Tpasewus ZrO, B cmecsx BCl, + Ar 11 BCl, + He nepemeHHoro Ha-

YaNbHOro CoCTasa. Mpy COBMECTHOM KCMONb30BAHUM METOA0B AMATHOCTUKM 11 MOZe-

MPOBAHMS MNa3Mbl a) YCTAHOB/IEHI KITKO4EBbIE GU3MKO-XUMUHECKIAE MPOLECCh], Ope-

LensioLLve BANSHWE BUAA 1 COAEPXAHNS MHEPTHONO ra3a-HOCUTENS Ha KOHLEHTpaLmu

aKTMBHBIX YacTUL; 1 6) BbiSBNEHbI HAUBONEE BEPOSTHBIE MEXaHW3MbI reTepOreHHbIX

MpOLLeCcoB, GopMUPYIOLLIX GEHOMEHONOTUHECKYIO KMHETUKY TPaBNeHus.

Kntouesble cnoBa: OKCUZA LMPKOHMS, MNA3Ma, akTUBHbIE YaCTuLbl, TPaBNeHMe,
BEPOSTHOCTb B3aNMOZENCTBHS.
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MPUYMHDI PA3IUYWIA B JONTOBEYHOCTMN SIEMEHTOB RERAM

HA BA3E HIGH-K AUSNIEKTPUKOB

MpoBedeH aHanu3 Npu4MH CH0EB W pasnnynit B 4OArOBEYHOCT RERAM 3nemeHTOB

namaTv Ha 6ase HekoTopbix high-k auanektpuko. O6OCHOBAHO MPeAnOaOXeHMe,

YTO CTPYKTYPbI Ha 6a3e TUTaHa MMEIT Hoee HIU3KYI0 [OATOBEYHOCT MO CPABHEHMIO

€O CTPYKTYpaMy Ha 6a3e TaHTana v radHmMa 3a CYeT HAMYMS § TUTaHA BOLLLIOTO KO-

NM4ecTBa $asosbix COCTOAHMIA (dasbl MarHenm), MeIoLLMX XOPOLLYO SNEKTPONpPOBO-

[LHOCTb. «3anunanuer syeek RERAM npu c60six nocne TeCTMPOBaHMS Ha AOATOBEYHOCTL

B PE3NCTMBHOM COCTOSHMM LRS 06bACHSETCS ux bonee BLICOKAMM TemnepaTypamu

4em B COCTOSAHMM HRS.

Kntouesble cnosa: high-k Au3nekTpukn, 3neKTPOHHas CTPYKTYpa, Gasosble Co-
CTOSHMS, dasbl MarHenu, okCuabl NepexoAHbIX MeTasnoB, LONMOBEYHOCTD 3Ne-
MEHTOB NamsTi, NOBbILIEHVE TeMNepaTypbl Npy ANUTENbHOM TeCTUPOBAHUM HA
LONTOBEYHOCT.
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METO/bl UCCAEAOBAHUSA CNEKTPO30HA/IbHbIX MHOTOKAHA/bHbIX
®OTOMPUEMHUKOB C PA3[LENEHWEM LIBETOB C BEPTUKA/IbHO-
WHTErPUPOBAHHbIMW P-N-NEPEXOJAMU
VccnenoBaHbl XapakTepucTiKM AMHAMUYECKOTO AMaNa3oHa MHOTOKaHanbHoOW GOTo-
A4eiikN. YCTAHOBNEHO, YTO BEAMYMHBI GOTOHYBCTBUTENLHOCTEN OMPEAenstoTCs Kak
BbIGPAHHBIMU KOHCTPYKTMBHBIMK MapameTpamMu GOTO SYelku, TaK W MaKCUManbHO
BO3MOXHBIMY BEANYMHAMM YNIPABASOLLMX HANPSHKEHWN. YYUTLIBANOCh, YTO BEANYM-
Ha CyMTbIBAEMOrO (OTOCUrHANG MHOTOKAHabHOW (OTOAMORHOW CTPYKTYpb Bbna
MpONOPLMOHaNbHA CBETOBOMY MOTOKY. AHaAN3 BbIMOAHEH HA OCHOBE aHANUTUYECKHX
PACYETOB OAHOMEPHON NO TOMLMHE MOAEAM CTPYKTYpbl GOTOYYBCTBUTENLHON A4el-
KW, @ TakoKke MYTEM YNCNEHHBIX PACYETOB Ha IBM eé IByMEPHON N0 TOMLUMHE MOAEU
C NOMOLLbI0 MPUBOPHO-TexHonoryeckoit CATP ISETCAD waewuapckor Gupmbl ISE.
KntoyeBble ¢10Ba: MHOrokaHanbHble GoTosuenku, GoToNpUEMHUKA C paaene-
HIEM LiBETOB, BePTUKANbHO-MHTErPUPOBAHHbIE P-N-MEPexosbl.
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PHYSICAL AND CHEMICAL ASPECTS OF ZrO, “DRY” ETCHING IN BCI, PLASMA:

THE EFFRECT OF INERT CARRIER GAS

A comparative study of both plasma parameters and regularities of ZrO, reactive-ion

etching kinetics in BCl, + Ar and BCl, + He mixtures with variable initial compositions

was carried out. The combination of plasma diagnostics and modeling tools allowed
one a)to figure out key physical and chemical processes determining effects
of type and content of inert carrier gas on densities of plasma active species; and

b) to eliminate most realistic mechanisms of heterogeneous processes responsible for

phenomenological etching kinetics.

Keywords: zirconium oxide, plasma, active species, etching, reaction probability.
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REASONS FOR DIFFERENCES IN THE ENDURANCE OF RERAM ELEMENTS
BASED ON HIGH-K DIELECTRICS
Analysis of the causes of failures and differences in the endurance of PERAM memory
elements based on some high-k dielectrics was carried out. It is assumed that titanium-
based structures have a lower endurance compared to tantalum and hafnium-based
structures due to the presence of a large number of phase states (Magneli phase) with
good electrical conductivity in titanium. The "sticking" of RERAM cells during failures
after testing for endurance in the resistive state of the LRS is explained by their higher
temperatures than in the HRS state.
Keywords: high-k dielectrics, electronic structure, phase states, Magnel phases,
transition metal oxides, memory cell endurance, temperature rise during long-term
endurance testing.
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METHODES FOR INVESTIGATION MULTICHANNEL PHOTO

IMAGE CONVERTERS WITH COLOR SEPARATION WITH VERTICALLY

INTEGRATED P-N-JUNCTIONS

The result of study photosensitive structures based on multichannel vertically integrated

p-n junctions presented. Optical radiation in space-charge region of a multichannel

vertically integrated structure are studied. The study based on analytical calculations

of a one-dimensional thickness model of photosensitive cell structure and numerical
calculations of its two- dimensional thickness model using the ISE TCAD device-
technological computer-aided design system.
Keywords: photosensitive structures, multichannel vertically integrated p-n
junctions, multichannel photo sell, image converters with color separation.
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OBbEMHAS MNOTHOCTb SHEPTUN AEGOPMALIMN B CTPYKTYPAX
por-Si - H,0 B OKPECTHOCTM TOYKU ®A30BOI O MEPEXO/IA BOALbI
PelwaeTcs 3aa4a MOAENMPOBAHWMS OBBEMHOV MAOTHOCTW 3Hepruvt Aedopmaumu
B ME30MOPUCTbIX CTPYKTYPaX Ha OCHOBE KPEMHMS C 3ACOPOUPOBAHHOM BOAON, 3aMEp3-
UeiA B YCAOBISIX NPOCTPAHCTBEHHOTO OrpaHyeHust (KoHdaiHMeHTa). Mogenb yuuThl-
BAET HaNM4Ve Ha NOBEPXHOCTSAX NOp Me30NOpUCTOro MaTepuana Cost AMOKCHaa Kpem-
HWS, CTPYKTYPY HEOAHOPOAHOW CPefibl 1 O6BLEMHbIE LOAM KOMMOHEHTOB. MpoBeaeHb!
YMCNEHHbIE PACYETLI 3HAYEHMIA YKa3aHHOW SHEPreTUYeCKO XapakTepueTHKA OT 13me-
HeH1s 06bEMHOr0 COREPXAHNA IbAA B UCCNEAYEMbIX MATEpUANAX.
KntoueBble CN10Ba: NOPUCTbIV KPEMHII, BOA, N1, MATPUYHbIA KOMNO3WT, TepMO-
YNpyrite XapakTepucTUKu, TEH30p KOHLEHTPALMI HanpshkeHi, 06bEMHas nnoT-
HOCTb 3Hepruv aedopMaLm, MOZenupoBaHie.
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OTKA3bl UHTETPAJIbHBIX CXEM, BbI3BAHHbIE 3OOEKTAMU
PACMPOCTPAHEHWS 3AP10B U OBPA30BAHUS MAPA3UTHbIX KAHAJIOB
B cTaTbe paccMaTpuBaioOTCA MpobneMbl 0TKa30B PaboTbl MHTErpabHbIX MUKPOCXEM
(MMCQ), BbI3BaHHbIX 3MGEKTaMU PACNPOCTPAHEHNS 3apS0B 1 06Pa30BaHUS MapasuT-
HbIX KaHaNO0B, 1 X NPEAOTBPALLEHHME HA HAYANbHbIX 3Tanax npoekTMpoBaHs. Kpome
TOr0, PACCMOTPEHbI, 0B0BLLEHDI 1 CMCTEMATI3MPOBAHbI BOMPOChI, CBS3aHHbIE C 3TUMK
0TKa3amu. B CTaTbe NpuBeAeHbl HEKOTOpbIE MPAKTUYECKie NPUMEpL, Y4UTbIBAIOLLME
COBpeMeHHble MeToabl 1 MPUEMbI NPOEKTUPOBAHMS W M3roToBneHns MC, koTopble
MOTYT BbITb MCMONL30BAHbI A5 NOBLILEHNS MX HAAEXHOCTU C YYETOM COBPEMEHHBIX
TeHZeHLMV PA3BUTVS MUKPO3EKTPOHMKM.

KntoueBble c/10Ba: yS3BMMOCTb U NOBbILLEHME HAAEXHOCTY UMC, 3bdexT 0bpaso-

BaHMA NAPA3NTHbIX KaHAN0B, 3(dEKT pacnpoCTpaHeHus 3apafos.
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BULK STRAIN ENERGY DENSITY IN por-Si - H20 STRUCTURES
NEAR THE PHASE TRANSITION POINT OF WATER
The problem of modeling the bulk strain energy density in mesoporous silicon-
based structures with adsorbed water frozen under conditions of spatial limitation
(confinement) is solved. The model takes into account the presence of a silicon
dioxide layer on the pore surfaces of the mesoporous material, the structure of the
inhomogeneous medium, and the volume fractions of the components. Numerical
calculations of the values of the indicated energy characteristics from changes in the
volumetricice content in the materials under study were carried out.
Keywords: porous silicon, water, ice, matrix composite, thermoelastic properties,
stress concentration tensor, bulk strain energy density, modeling.
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FAILURES OF INTEGRATED CIRCUITS CAUSED BY THE EFFECTS OF CHARGE
PROPAGATION AND PARASITIC CHANNEL FORMATION
The article deals with the problems of failures of integrated circuits (IC) caused by
the effects of charge propagation and the formation of parasitic channels and their
prevention at the initial stages of design. In addition, the issues related to these refusals
are considered, summarized and systematized. The article presents some practical
examples that take into account modern methods and techniques of designing and
manufacturing ICS, which can be used to improve their reliability, taking into account
current trends in the development of microelectronics.
Keywords: Charge Propagation Effect, Effect of Parasitic Channels Formation.
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