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CJIOBO PEOAKTOPA

YBAXAEMDIE HATATEJIN!

ITepen BamMu ouepeHOM 189-1 BBINTYCK HAyYHO-TeX-
HHUYEeCKOro M3JaHMs «DJIeKTPOHHAA TexHHUKa. Cepud 3.
MUKPO3/IeKTPOHUKA?Y .

BBIIYCK >KypHasia IIpeCTaB/IeH CeMbIO OPUTMHAIb
HBIMH CTaTbIMH II0 aKTyaJbHBIM Hay4YHBIM HCCIIe-
NOBAaHMSIM, OTHOCSIIMMCS K pybpuKam «Pa3paboTka
M KOHCTpyHpoBaHHe», «IIpollecchl M TEeXHOJIOTHSY,
«CBOMCTBa MaTepHasIoB», «MaTeMaTH4YeCKOoe MOJe/H-
poBaHUe»,

Homep oTKpbIBaeTcs paszenom «Pa3paboTka U KOH-
CTPYHPOBaHUe», B IIEPBOM CTaThe KOTOPOI'O pacCMOTpe-
HBI Ipo61e MBI Pa3paboTK CUCTEM OTJIAAKU U TeCTUPO-
BaHUS, IIOCTPOEHHBIX Ha OCHOBE IIPOrpaMMHUPyeMBbIX
JIOTUYEeCKMX HHTerpPajbHBIX CXeM, Peajr30BaHO He-
CKOJIBKO CIT0COD0B 3aIKCH KOHQUTYPALILIOHHOM IaMsi-
TH, PACCMOTPeHbI 0C06eHHOCTH Pa3paboTKU IleYaTHBIX
I71aT 1718 MOJ06HBIX CHCTeM. ABTOPaMH Cllefyolier
CTaThU IIpeJJIoKeH Ipoliecc BBIOOpa U aJjanTal[uU CcXe-
MOTeXHHYeCKHUX PelleHHH [JI PealHh3alluH CXeMbI
6-paspsgHoro ¢dasospamiarenss X-AHalla3oHa YacTOT
C MUHHUMJIBHBIM BHOCHMBIM OC/1abieHHeM U $pa30BoH
omnbror, B cBeTe HajaraeMeix 90 HM KMOIT TexHOo10-
rYeld OTpaHHYeHHH.

B mepBoli cTaThe paszena «IIpoliecchl U TeXHOIOTHS?
HcC/IeloBaHO GOPMHPOBAaHKe IBOMHBIX 3aTBOPOB C HC-
[10/1b30BaHKEM IIMPOreHHOT0 OKHC/IEHU S M OKHCIIeHU S
C reHepalyen Iapa y IOBEPXHOCTH IIacTUHBI (ISSC).
IToka3aHo, 4T0 ISSC OKMC/IeHMe [IPU CO3JaHUU 2-TO OK-
CHJa OKa3bplBaeT He3HAYMTeJIbHOEe BIHSIHHKE Ha TOJI-
IIMHY 1-TO TOJICTOTO OKCH[JA I10 CPABHEHHIO C ITHUPO-
TeHHBIM OKHCIeHHEeM, YTO OOBSICHSETCS KHUHETHKOM
PaZHKaIbHOIO OKHC/IEHHSI KPeMHHMS. Bo BTOPOH CTaThe
paccCMOTpeHBI 3ajaUl, KOTOphIe PeIlaloTCcs B IIpoliecce
Pa3paboTKH aBTOMATH3HUPOBAHHON MHUTPALIMH CXeMO-
TeXHUYECKOI0 IIPe/CTAB/IeHH K TOIIOJIOTUU CIOSKHBIX
byHKUMOHANBHBIX 6710K0B CBHC Ipu Iepexojie Ha oTe-
YeCTBeHHbIe TeXHOJIOTHYeCKHe IIPOLIeCChI, IOKa3aHbI
[IperuMYyILecTBa UCII0Ib30BaHUS aBTOMAaTH3HPOBAHHOH
murpanuu CP-610KoB.

B cnenyromem pasfene «CBOKCTBO MaTepHaJIOB”»
aBTOpPaMHU IIpOBefleHbl YHC/IeHHble CBOMCTBA, ITOKa-

3aBIlIHe, YTO paclpefe/leHle 3/IeKTPUYecKUX I10/IeH
Ha [TOBEePXHOCTH M30MeTPHUYHBIX BK/IIOYeHUH SIB/IeT-
€S HEOOHOPOAHBIM JIaske IIPU OSHOPOLHOM BHEIIHEM
BO3/IEMCTBHU M CyIeCTBEHHO 3aBHCHUT OT COOTHOIIIe-
HHUS OTHOCHUTEJIBHBIX JU3IEeKTPHUYECKHX IIPOHUIIAEMO-
CTe’ MaTPHULIbI U BKIIOUEHHH.

B mocnenHeM paspene «MaTeMaTH4YeCcKoe MOJe-
JIMPOBaHHE» PACCMOTPEHO MCIIO/Ib30BaHHE YHCIeH-
HOTO MOZEeIHPOBAaHUS HAa OCHOBE METOJA KOHEUYHBIX
snemeHToB COMSOL mj1s aHanM3a mapaMeTpoB aKyC-
THYECKUX MOJ, U 3KCIIePUMEHTA/IbHO IIOATBepsKAeHa
aJleKBAaTHOCTh PaCCMOTPEHHOTO II0AX04A K MOZEeIU-
POBaHHUIO. Bo BTOPOI CTaTbe MpefCTaB/leH pe3y/abTaT
pa3paboTky aBTOMaTH3al[UU [Tpoliecca BepuUKaL MK
SPICE-Mozesiel TPAaH3KUCTOPOB Ha 6a3se cpemsl IIpoeK-
tupoBaHus CADENCE VIRTUOSO. IIpuBeeHo omuca-
HHe IIPUHIIUIIOB paboThl IPOrPaMMEI, IlepedyeHb HC-
I10/1b3yeMBIX BePUPHUKALMOHHBIX TECTOB M Pe3y/IbTaThI
IIPaKTUYECKOT0 MCII0/Ib30BaHUA 10 /I TeXHOIOIUK
KHH 90 HMm.

[Tpurnamaem BCeX 3aMHTEPeCOBAaHHBIX YA TaTeIek
K COTPYAHHYeCTBY!

CysaxkeHuem,
2AasHblil pedakmop sxypHaaa,
akademuk PAH,
I'.4. KpacHukos
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4aCToT ANS MCNOMb30BAHMS B NPUEMO-NEPefaloLLEeM TPaKTe CACTEM C (a3npOBaHHbI-
MV QHTEHHBIMI PeLUeTKamu, Ha 0CHOBe BUBAMOTEKI KpeMHIEBON TexHoorum 90 Hu.
B pamKax AaHHOM paboTbl NPOAEMOHCTPMUPOBAH NPOLIECC BbIOOPA 1 adanTaLm CXemMo-
TEXHWYECKVX PeLLeHI ANst peanu3aLimm cxembl 6-paspsAHOro GasoBpaLlaTens ¢ MUHK-
MalbHbIM BHOCMMbIM OC1abneHneM 1 Ga3oBoil OWWOKOM, B CBETE HanaraeMblX TEXHO-
OTVeN OrpaHNyeHui.
Kntouesble cnoBa: KMOTM, CBY, uHTerpanbHas Mukpocxema, Gasospaliarens,
X-AnanasoH.
CBepeHus 06 aBTopax:
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Y. Akagemnka Basnesa, 6/1; esepasibHoe rocyapCTBeHHoe aBTOHOMHOE
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Data of authors:
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DESIGN OF 90 NM CMOS X-BAND 6-BIT DIGITAL PHASE SHIFTER
Thearticle is devoted to the X-band digital phase shifter development aspects of the TRM
SoC based on a 90 nm silicon technology library for phased antenna array system
applications. Within the framework of this work, the process of selecting and adapting
circuit solutions for the 6-bit phase shifter circuitimplementation with minimal insertion
loss and low phase error is demonstrated despite limitations imposed by the silicon
technology.
Keywords: CMOS, MMIC, phase shifter, X-band, GHz.
Data of authors:
Kotlyarov Evgeny Yurievich, Stock Company ‘Molecular Electronics Research Institute”,
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AHHOTALUU

ABSTRACTS

/

®OPMUPOBAHWE NO/3ATBOPHbIX AN3NEKTPUKOB PA3IMYHON TOLLMHDI
C UCNOb3OBAHMEM PAJUKA/IBHOT O OKUC/IEHUA
[ns NOBbILEHNS (QYHKUMOHANbHBIX BO3MOXHOCTEM COBPEMEHHbIX MHTErPa/lbHbIX
cxeM (MC) yacTo TpebyeTcs C3aBaTh NMOA3ATBOPHbIE AMINEKTPUKIA Pa3MUHON TON-
lHbl (Dual Gate Oxide) Ha 0AHOM KpuCTanne. B HacToslee BpeMs Ans 3TOM Lem
MCNONb3YeTCS ABOMHOE OKMCAEHME: TONCTbIA AMANEKTPUK CO3AAIOT B pe3yNibTaTe ABYX
MPOLLeCCOB OKMCNEHMS, @ TOHKIM = TOAKO OAHOTO. B AaHHOM paboTe nccneayetcs Gop-
MUPOBAHMe BOMHbIX 3aTBOPOB C MCMONb30BAHWEM MUPOTEHHOrO OKMCIEHNS U OKNC
NeHNA C reHepalyveit napa y noBepxHOCTH NAACTUHb (in situ steam-generation - 155G).
MokasaHo, 4o ISSG oKMCeHe NpY CO34aHNM 2-T0 OKCMAA OKa3bIBAET He3HaYUTeNbHO.
BANSHWE HA TOAWWWMHY 1-r0 TOACTOTO OKCMAA NO CPABHEHMK) C MMPOTeHHbIM OKMCAEHM-
€M, YT 0BBACHAETCA 0COBEHHOCTBIO KMHETUKI PaAMKANLHOTO OKUCIEHUS KDEMHIS.
KntoueBble cnoBa: ABOMHOM 3aTBOP, NOA3ATBOPHLIA AMSNEKTPUK, PagMKanbHOe
OKMCNEHWE, KUHETVKA POCTA OKCUAA KPEMHHS.
CepeHus 06 aBTopax:
YepHses Muxaunn Bragumnposnd, AKUMOHepHoe 0614eCTBO
(Hay4HO-UCCAIeA0BATENLCKMI MHCTUTYT MOAIEK)1SPHON 3NEKTPOHUKIY,
123460, r. 3eneHorpag, ynmua Akagemvka Bannesa, gom 6, cTp. 1,
e-mail: mchernyaev@niime.ru
Topoxos Ceprevi AnekcaHaposny, MocKoBCKi U3NKO-TEXHNYECKMA MHCTUTYT,
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YCKOPEHWE NEPEXOJA HA OTEYECTBEHHbI TEXHOOMMYECKMIA MPOLECC
C UCMO/b30BAHWUEM ABTOMATU3UPOBAHHON MUTPALLUM CH-6/IOKOB
B CTaTbe paccMOTpeHbI 334a4m, KOTOpble pelatoTcs B npoLecce pa3paboTky aBToMa-
TW3MPOBAHHOM MUTPALMM CXEMOTEXHIYECKOrO NPeACTaBAEHIS W TOMOAOMMM CIOXKHBIX
dYHKUMOHaNbHbIX 610Kk0B CBC Mpy nepexofie Ha OTeYeCTBEHHbIE TEXHONOMMYECKHe
npouecchl. MokasaHbl MPeMMYLLECTBA MCMONb30BAHNS AaBTOMATU3MPOBAHHOW MMrpa-
UMY Ha NpYMepe TECTOBbIX 610KOB.
Knto4esble cn0Ba: TEXHOMOrMYECKas MUArPALNS, MUTPALMS TOMONOT N, MUTPaLms
CXeMbl, aHanorosbli CH-H10K, NOBTOPHOE MCMONb30BAHME MPOEKTa.
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GATE OXIDES OF VARIOUS THICKNESSES FORMATION USING ISSG OXIDATION
To improve the functionality of state-of-the-art integrated circuits, it is often necessary
to create gate oxides of various thicknesses on a single chip. Currently, double oxidation
is used for this purpose: a thick dielectricis created as a result of two oxidation processes,
and a thin dielectric - only one. In this paper, the formation of dual gate oxide using
pyrogenic oxidation and 1SSG (in situ steam-generation) is investigated. It is shown that
ISSG oxidation during the creation of the 2 oxide has a negligible effect on the thickness
of the 1 thick oxide compared with pyrogenic oxidation, which is explained by the
kinetics of radical oxidation of silicon.
Keywords: dual gate oxide, gate dielectric, radical oxidation, kinetics of silicon oxide
growth.
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ACCELERATING THE TRANSITION TO DOMESTIC PROCESS TECHNOLOGIES

USING AUTOMATED MIGRATION OF IP BLOCKS

The article considers schematic and layout migration tasks which appear during

automated migration of IP blocks to domestic technology processes. Demonstrated

advantages of using automated migration with the example of test IP blocks.
Keywords: technology migration, layout migration, schematic migration, analog
IPblock, design reuse.
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AHHOTALNU

ABSTRACTS

B/IMSAHWE KOMMOHEHTOB MATPUYHOIO KOMMO3UTA

HA PACMPELE/EHVE S/IEKTPUYECKMX NMONEA HA MOBEPXHOCTM

BK/TIOYEHMIA

B npubavxernn MeToaa 3GOEKTMBHON CPefbl NONYHEHbI BbIPAXEHWS 415 ONepaTopos

KOHLIEHTPALW HANPSXXEHHOCTI U MHAYKLMAM 3NEKTPUYECKOr0 MONA Ha MOBEPXHOCTU

BK/OYEH NI B MAaTPYYHOM KOMMO3WTE. [JaHHbIe ONepaTopbl CBS3bIBAIOT MOAS Ha NOBEPX-

HOCT BK/TKOHEHMS CO CTOPOHDI MATPHLIbl CO CPEAHMMI HANPSHKEHHOCTbIO 1 MHAYKLMeNR

3NeKTPUYECKOro nong B 0bpastie KoMno3nTa. MpoBefeHHbIE YUCAEHHbIE pacyeTsl no-

Ka3blBaI0T, YTO pacnpefeneHie 3NeKTpUHeCKIX nonei Ha NoBEPXHOCTH N3OMETPUYHBIX

BKAIOYEHNI SBASETCA HEOZHOPOAHbIM AAXKE NPV OAHOPOLHOM BHELUHEM BO3AENCTBUN 1

CYLLECTBEHHO 3aBUCKT OT COOTHOLLEHIA OTHOCUTENbHLIX AUNEKTPUYECKUX MPOHULAe-

MOCTE# MaTPULLb! Y BKKHEHIH.

KntoyeBble €10Ba: MaTpUYHbIA KOMMO3WT, BKMOYEHHE, MeXdasHble rpaHuLbl,
MOBEPXHOCTHbIE OMEPATOPbI KOHLIEHTPALMM HAMPAXEHHOCTM W MHAYKLINM 3MeKTPU-
Yeckoro nons.
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MOMEPEYHO-CBA3AHHbIA PE3OHATOPHBIA OULTP HA MOBEPXHOCTHbIX
AKYCTUYCEKMX BOIHAX. MPUMEHEHWUE COMSOL /11 AHAZIU3A
NAPAMETPOB AKYCTUYECKUX MOJ,

M0NepeyHo-CBA3aHHbIE PE30HATOPHbIe GuLTPbI (MCP®) MpumeHsioTcs And peann-

3aLMK Y3KONONOCHIX 1 CBEPXY3KOMONOCHDIX GUALTPOB C OTHOCUTENbHDLIMU NOAOCAMU

nponyckanus 0,01...0,15%. K JOCTOMHCTBAM Takux GUALTPOB OTHOCATCA HeboMblLoe

BHOCKMOE 3aTyXaHMe, BbICOKO® BHeNoI0CHOE NOAAB/EHIE, Masloe 3Ha4eHe HepaBHo-

MEPHOCTY aMMNANTYAHO-4ACTOTHOW XapakTepuCTUKIA B Noaoce Nponyckaxus. Mogenb

(BS3aHHbIX MOg (MCM) SBAFETCS LIMPOKO MCMONb3YEMbIM METOZOM MOAENMPOBAHUS

Ans NICPO, Ho TpebyeT TOYHOrO OMpefeneHns 3Ha4eH! NapamMeTpoB aKyCTUYECKIX

BO/H. Mapametpbl MCM MOXHO OnpesennTh 3KCNepUMEHTaNbHO, aHANNTIYECKM UK

Ha OCHOBE YNCNEHHOTO pacyeTa. B paboTe NpeanaraeTcs MCnoab3oBaHMe YNCNEHHOTO

MOZENMPOBAHNA Ha OCHOBE METOAa KOHEYHbIX 3NeMeHTOB ANS aHaan3a napameTpos

aKyCTUYECKMX MOZ. Pe3ynibTathl 3KCMepUMEHTA NOATBEPANAN aeKBATHOCTb PaccMo-

TPEHHOr0 NOAX0AA K MOAENMPOBAHMIO.

KntoyeBble cn10Ba: NOBEPXHOCTHbIE AKyCTUYECKME BOAHBI, GUALTP Ha MAB, y3ko-
MoA0CHbIA, kBapu, MK3, COMSOL.
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EFFECT OF MATRIX COMPOSITE COMPONENTS ON THE DISTRIBUTION OF
ELECTRIC FIELDS ON THE SURFACES OF INCLUSIONS
In the approximation of the effective medium method, expressions for the operators
of strength concentration and electric field induction on the surface of inclusions in a
matrix composite are obtained. These operators relate the fields on the inclusion surface
from the side of the matrix to the average strength and induction of the electric field in
the composite sample. The performed numerical calculations show that the distribution
of electric fields on the surface of isometric inclusions is inhomogeneous even under
a uniform external impact and it significantly depends on the ratio of the relative
permittivities of the matrix and inclusions.
Keywords: matrix composite, inclusion, interfaces, surface operators of strength
concentration and electric field induction.
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TRANSVERSE COUPLED RESONATOR FILTER ON SURFACE ACOUSTIC WAVES.
APPLICATION OF COMSOL FOR ANALYSIS ACOUSTIC MODE PARAMETERS
Transverse coupled resonator filters (TCRF) are used to implement narrow-band
and ultra-narrow-band filters with relative bandwidths of 0,01...0,15%. The advantages
of such surface acoustic wave filters are: low insertion attenuation, high out-of-band
suppression, low value of the frequency response unevenness in the passband. The
coupling of modes (COM) model is a widely used modeling method for TCRF, but requires
precise values of acoustic wave parameters. COM parameters can be determined
experimentally, analytically or based on numerical calculation. In this paper, the use
of numerical approach based on the finite element method in COMSOL for analyzing
the parameters of transverse acoustic modes is considered. The results of the experiment
confirmed the adequacy of the considered approach to modeling.

Keywords: surface acoustic wave, SAW filter, narrowband, quartz, FEM, COMSOL.
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AHHOTALUU

ABSTRACTS

ABTOMATU3ALIMS MPOLIECCA BEPUOUKALIMMN SPICE-MOLENEN
TPAH3UCTOPOB HA BA3E CPEAbI MPOEKTUPOBAHWA CADENCE VIRTUOSO
B pabote npeacTasneH pesynbtar pa3paboTky nporpamMmMHOro CpeacTBa BepudunKaLmm
SPICE-Mogeneit MOM-TpaH3nCcTopoB. MpeACTaBAeHO OMUCaHWe MPUHUMNOB paboTbl
Mporpammbl, NepeyeHb 1Crob3yeMblx BEPUGUKALIMOHHbIX TECTOB 1 PE3yNbTaThl Mpak-
TiYeckoro ncnonbosanus MO ang TexHonoruy KHIA 90 WM. laHHas nporpamma non-
HOCTbIO peanu3oBaHa B cpeae Cadence Virtuoso nocpeacTBOM UCNOAb30BaHWS A3blka
nporpamMmuposaHms SKILL.
Kntouesble cnosa: npoekTuposanme VIC, SPICE-Mopens, Bepudukauns,
MOTM-TpaH3ucTop.
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AUTOMATION TO TRANSISTORS SPICE-MODELS VERIFICATION PROCESS
1S ON BASED CADENCE VIRTUOSO DESIGN ENVIRONMENT
The paper presents the result of developing a software tool for verifying SPICE-models
of MOSFETs. A description of the principles of the program operation, a list of used
verification tests and the results of the practical use of software for SO190 nm technology
areadvanced. This programis fullyimplemented in the Cadence Virtuoso, using the SKILL
programming language.
Keywords: IC design, SPICE-model, verification, MOSFET.
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