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CJIOBO PEOAKTOPA

YBAXAEMDIE HATATEJIN!

ITepen BaMu ouepenHOM 190-H BBIIIYCK HayYHO-TeXHU-
YeCcKOro M3JaHUs «DJIeKTPOHHas TeXHHKa. Cepus 3.
MUKPO3/1eKTPOHUKAY .

B naHHOM HOMepe BHUMaHMe YHTaTeleH XKypHala
IIPUBJIEKYT TeMaTHYeCKHe MaTepHalbl, OIyOIHMKOBaH-
Hble I107; pybpukamu: «PU3HUecKue sSIBIeHUS», «Pa3-
paboTKa U KOHCTPyHpoBaHHe», «I[IpoLiecchl U TeXHOJIO-
rus», «CBOKCTBA MaTEPHAJIOB?.

BeIIIyCcK >KypHajia IIPeACTaBIeH CEeMBIO OPHUIH-
HaJIPHBIMU CTAThSIMH, IIOCBAIIEHHBIMH pe3yabTaTaM
aKTyaJIbHBIX Hay4YHBIX UCCIeJOBAHHU.

Homep oTKpbIBaeTcsi pasgesiom «PU3HUYeCKHe SIB-
JIHHS», B KOTOPOM pellaeTcs 3aJayda YHC/IeHHOIO
MOJeNHPOBAaHHUS 3HAUeHHUIN KOMIIOHEHT TeH30pOB
KOHIIeHTPAlIUM HaNpssKeHUH U JebopMalluil B Me30-
IIOPUCTBIX CTPYKTypax Ha OCHOBe KPeMHHUS C aicopou-
POBAaHHOI BOZOK, 3aMeP3IIeH B YCIOBUSX IIPOCTPAHCT-
BeHHOI'0 OTpaHUYeHU.

B mepBoI1 cTaThe paszena «Pa3paboTKa M KOHCTPY-
HPpOBaHHe» OIMCaHA MeTOAHKa U3MepeHUs II0JIHOIO
BpeMeHH YCTAaHOBKU $Ha30BOT0 COCTOSIHHUS ITpU paboTte
OYCKpeTHOro ¢gasoBpalliaTesis B CHCTeMax Ha OCHOBe
$a3rpoBaHHBIX pellleTOK. Bo BTOPOM CTaTbe IpefCcTaB-
JIeH MeTO[ IIPOeKTHPOBAHHUS K pacueTa AuddepeH-
LIMQJIBHOTO aTTeHI0ATOpa C KOMIIeHCAIlHel MMapa3suT-
HOTO CHMTHaJIa C pe3yjJbTaTaMH HIIPOEKTHPOBaHU S
M MOZEIUPOBAHUS aTTeHI0ATOpa C HMCIIOJb30BaHHEM
TexHonoruu KMOIT 180 HM.

B cinenyromeM paszgesie «IIpolieccsl U TeXHOJIOTHSI»
aBTOpPaMH PacCMOTPeH KOMIIJIeKC 3afja4, CBSI3aHHBIM C
dbopMHpOBaHMEM CHCTEM MeTa/UIM3allMi HHTEerpajlb-
HBIX MUKpocxeM (MMC), rToka3aHa BaskHOCTb CUCTEM
sl obecrieueHUs OBICTPOLEHMCTBUSL U ITPOU3BOLHU-
TenibHOCTH MMC nipu 06paboTke ¥ XpaHeHUH HHOOP-
MalliHh. Bo BTOpOH cTaThe IpHUBeIeHBl Pe3yIbTaThl
[IPOEKTHPOBAHM S CMECUTEIBHOI0 KBaAPATyPHOTO A4pa
pemopyasaTopa ajis KMOII TeXHOJIOTHH C IIPOeKTHBIMH
HopMaMH 90 HM u 180 HM, IIpHUBEIEHBI PE3YIbTaThI
MopmenupoBaHus AUYX CIIPOeKTHPOBAHHOIO 6OJ0Ka,

C(l)OpMYHI/IPOBaHbI IIpedBapUTe/JIbHbIE BBIBOABL O Lie-
H6C006p8.3HOCTI/I HCIIOJIB30BaHHS OAHHBIX TEeXHOJIO-
TUH 11 Pa3pa60TKI/I BBICOKOYACTOTHBIX I/I3,ELEJIl/Ifl.
B 3aK/JIIOYHUTETBHOMN CTAThe 3TOTO pa3faejsla aBTOpaMH

HCCTefj0BAaHA KHUHETHKA PaJHKaIbHOIO OKHCIEHHS
KpeMHHeBOM IIJIACTUHBI B CHCTeMe HHAUBUYaIbHON
006paboTKK IIpU MPOBeIeHHH IIpoliecca HHU3KOTeM-
IepaTypHoro okuciaeHus ( 500-800 °C) ¢ reHepaLu-
el Ilapa y IOBEPXHOCTH IUJIACTHUHBI (in situ steam-
generation - ISSG).

B 3aK/IIOUNTEIBHOM pasfesie «CBOMCTBA MaTepHa-
JIOB» paCCMOTpPeHa SHepreTrKa 3d-HaHOKPHCTA/IUTOB
IIOPUCTOr0 KPeMHHsI NPHMEHHTEIbHO K IIpolieccaM
HU3KOTEMIIePATypPHOT0 CHHTe3a IIJIEHOK rpadeHorIo-
OOOHBIX HAHOKOMIIO3HUTOB, IIOKAa3aHO, YTO 3Hepre-
THKAa HAaHOKPHUCTATUTOB 00yC/IOBIeHa HM36BITOUHOM
[IOBEPXHOCTHOM 3HEprHeH IOPHCTOro Si M HaHOpas-
MepHBIMH 3pdeKTaMH, BOSHUKAIOIUMH Ha TOKATBHBIX
y4acTKaX ero aTOMapHO IIepOXOBATOM IIOBEPXHOCTH.

[IpuriamaeM BCeX 3aMHTEPeCOBAHHBIX YHTaTeNleH
K COTPYAHHYeCTBY!

Cysasxkenuem,
2Aa8Hblil pedakmop KypHaaa,
akademuk PAH,
I'.4. KpacHukos
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HAMPSXXEHHO-LIE©OPMUPOBAHHOE COCTOSIHUE B CTPYKTYPAX
por-Si - H,0 B OKPECTHOCT TOYKM ®A30BOI0 NEPEXO/IA BOJbI
PelaeTcs 3a4aya YUCIEHHOr0 MOLEANPOBAHHS 3HAYEHNIA KOMMOHEHT TEH30POB KOH-
LEHTPaLMM HanpskeH v fedopMauunii B Me30MOpUCTbIX CTPYKTYpax Ha OCHOBE
KpemHWs C afCopoMPOBAHHOI BOZOW, 3aMep3Lueil B YCIO0BUAX NPOCTPAHCTBEHHOrO
OrpaHnyenus. NoCTpoOeHHas MOAENb YYUTLIBAET HANMYME HA MOBEPXHOCTM MOP B yKa-
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WNCCNELOBAHWUE BPEMEHW YCTAHOBKMW ®A30BOr0 CABUTA

NPY PABOTE IMCKPETHOIO CBY ®A30BPALLATENA

B paboTe onvcaHa MeTOAMKA M3MEpEeHUst MOAHOrO BPEMEHM YCTaHOBKM (a3oBoro

COCTOSHWS NPy paboTe ANCKPeTHOro Ga3ospaLlaTens B CMCTEMaX Ha 0CHOBE Gasnpo-

BaHHbIX peLleToK. MpeanoxeHHas MEeToAMKa anpobnpyeTcs Ha OCHOBE 3KCNepuMeH-

TaNbHOTO UCCNEA0BaHNA MHOrOGYHKLMOHaNbHO! GaAS MUKPOCXeMbl X-AMana3soHa

4aCTOT C MHTErPUPOBAHHLIM 610KOM Ga3oBpaLLaTens, C UCMoNb30BaHNEM COBPeMeH-

HbIX U3MEPUTENbHBIX KOMMIEKCOB HA OCHOBE KBAAPATYPHbIX AMOAYNATOPOB.
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/

STRESS-STRAIN CONDITION IN por-Si - H,0 STRUCTURES NEAR

THE PHASE TRANSITION POINT OF WATER

The problem of numerical simulation of the values of the components of stress and

strain concentration tensors in mesoporous structures based on silicon with adsorbed

water frozen under conditions of spatial limitation is solved. The constructed model
takes into account the presence of a natural layer of silicon dioxide on the surface of
pores in specified materials, the structure of an inhomogeneous medium (the ratio
of the thickness of the oxide layer to the radius of the filamentous pore, as well as the
orientation of the pores in the space of the silicon membrane), and the volume content
of the components.

Keywords: porous silicon, water, ice, matrix composite, stress and strain

concentration tensors, simulation.
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PHASE SHIFT SETTING TIME MEASUREMENT RESEARCH DURING

A DISCRETE RF PHASE SHIFTER OPERATION

The paper describes a method for measuring the total time of the phase state setting

during discrete phase shifter operation in phased array-based systems. The proposed

method is tested using an experimental study of a multifunctional GaAs chip

in the X-band frequency range with an integrated phase shifter unit in different lab

settings with modern measuring complexes based on quadrature demodulators.
Keywords: phase shifter, IQ demodulator, phase shift, demodulation.
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\

ABSTRACTS

METO/, MPOEKTUPOBAHUSA LUINPOKOMNO/IOCHbIX AUDOEPEHLIMAIbHBIX

ATTEHIOATOPOB

B paboTe npuBeeHo onucaHue MeTofa NPOeKTUPOBAHIA 1 pacyeTa AnddepeHLnans-

HOrO aTTEHI0ATOPA C KOMMEHCaLMen NapasuTHOro cUrHana. MNpoekT1poBaHue andde-

PeHLMaNbHbIX LIMPOKOMOAOCHbIX CBY aTTEHIOATOPOB ABNSETCS BaXHO U TPYA0EMKON

3afayeil. B Tatbe npeacTaBneHbl pesynbTaThl MPOEKTAPOBAHUS M MOAEMPOBAHWS

ANOGepeHLManbHOro aTTeH0aTopa ¢ Mcnonb3osaHuem TexHonorui KMOM 180 Hu.
Kntouesbie cnosa: atTeHioarop, paseaska, notepir, KMOTM, CBY.

CBepeHus 06 aBTope:

KanéHos Anexcanap imuTpuesnd, ®eepanbHoe rocyAapCcTBeHHOe aBBTOHOMHOE
06pa3oBaTe/IbHOE y/4PexAeHMe BbICLUEr0 06pa308aHus “HaLmMOHa bHbIN
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124498, r. Mocksa, r. 3eneHorpag, naowazb LLokuHa, 4. 1,
e-mail: kalyonov.alex@yandex.ru

CUCTEMbI METANITU3ALMA MHTET PAJIbHbIX MUKPOCXEM.

Yactb 1. JBonOLMA CUCTEM METANIM3ALLMM B POLLECCE Pa3BUTUSA

nnaHapHoi KMOIT TexHonoruu

PaccMOTPEH KOMMAEKC 33Aad, CBA3aHHbIA C GOPMUPOBAHMEM CUCTEM METaNAM3aLmu

WHTErpasbHbIX Mukpocxem (MMC). MokasaHo, 4To BbiCTpoAeiCTBIE norudeckux MMC,

Ha4YMHAEeT ONpeaensTbCst CUCTEMOV METANAN3ALIAM HA OCHOBE aNKOMUHMEBbIX CNAABOB

C CUCTEMOI M30M19UMN Ha OCHOBE SIO, A1 YPOBHS TeXHONOMMM (YT) 180 HM, @ npu UC-

M0ob30BaHNM CUCTEMbI METANAN3ALIM HA OCHOBE Me C CUCTEMOIA U30ASLMN Ha OC-

HOBE AM3NEKTPUKA C HI3KON AM3NEKTPUYECKOM MPOHMLLAEMOCTbI0, paBHoi 2,0 — Ans

YT 90 HM. [purBeeHbI BUAbI, 31EMEHTbI 1 napameTpbl MHOrOYPOBHEBbLIX CUCTEM MeTan-

M33LMM Ha 6ase anioMUHMEBLIX CMAABOB 1 MeAM, a TAKXKe MCMONb3yeMbIX B HUX MaTe-

pUasIoB W XapakTepUCTMK C0EB CUCTEM M30NALMM, MO MEpPe YMEHbLIEHUS TEXHONOM-

YECKOW HOpMbI (MMHMMANLHOTO pa3mepa 3/1eMenToB) MMC. TepeyicieHbl OCHOBHbIE

XapaKTepUCTUKM NAEHOK, 0CAXAAEMbIX HA NNOCKME U penibedHbIe NOANOXKM, U NPOaHa-

M31POBAHbI MPOBAEMbI MX JOCTOBEPHOrO OMPEAENEHMS W MPAKTUYECKON peann3aLiy.

M0Ka3aHo, YTO B HACTOALLEE BPEMS B CUCTEMAX METAN3aLMM NPOLECCh MarHETPOH-

HOr0 PaCrbleHVs MPUMEHSIOTCS A9 0CaXAEHNS NAEHOK aNIOMUHWEBLIX CMIaBOB, Nie-

HOK are3noHHo 6apbepHbix cTpykTyp Tif/TiN 1 Ta/TaN, a Takxe nneHok TiN, ucnonb3y-

eMbIX B KQ4eCTBe aHTUOTPaXAtoLLMX NOKPLITUI. CHOPMYNMPOBAHLI TPeBOBaHMS K NPO-

Lieccam 0CaXeHMs MeTOLOM MarHETPOHHOT 0 PacrblieHNs BCEX NNEHOK, NPUMEHSIEMbIX

B C/CTEMAX MeTann3aLmm.

KntoyeBble cnoea: 6LICTPOAEMCTBIE 11 NPON3BOAMTENLHOCTL MMC; TexHoNOrye-
CKast HOPMA; YPOBEHb TEXHONOTW NPOM3BOACTBA KpUCTannos MMC; cuctembl Me-
Tanm3aumMm MMC Ha OCHOBE aloMUHMEBLIX CMAIABOB U MEAM; AM3NIEKTpUYeckue
CNOV NS MEXYPOBHEBO M30N1ALIMM CUCTEM METANNM3ALNN; XapaKTepPUCTUKN CAo-
€8 Ha NAOCKMX 1 penbedHbIX NOANOXKAX; aCEKTHOE OTHOLUEHHE; PABHOMEPHOCTb
11 KOHOOPMHOCTb CNOEB W NAEHOK; NEHKM, 0CXAAEMble B NPOLIeccax MarHeTpoH-
HOr0 pacnbleHNs 1 TpebOBaHNS K HUM.
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DESIGN METHOD FOR BROADBAND DIFFERENTIAL ATTENUATORS
The paper describes a method for designing and calculating a differential attenuator with
parasitic signal compensation. Designing differential broadband microwave attenuators
is an important and time-consuming task. The article presents the results of designing
and modeling a differential attenuator using 180 nm CMOS technology.
Keywords: attenuator, loss, CMOS, attenuation, microwave.
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MAGNETRON SPUTTERING PROCESSES AND EQUIPMENT IN THE
MANUFACTURING TECHNOLOGY OF INTEGRATED CIRCUIT METALLIZATION
SYSTEMS

A set of tasks related to the formation of integrated circuit (IC) metallization systems

is considered. It is shown that the performance of logical IC begins to be determined by

a metallization system based on aluminum alloys with a SiO,-based insulation system

for a technology level N180 nm, and when using a copper-based metallization system

with a dielectric insulation system with a low dielectric constant equal to 2.0 - for N90
nm. The types, elements and parameters of multilevel metallization systems based on
aluminum alloys and copper, as well as the materials and the characteristics of the layers
of insulation systems used in them, are given as the technological norm (minimum size
of elements) of the IC decreases. The main characteristics of films deposited on flat
and relief substrates are listed, and the problems of their reliable determination and
practical implementation are analyzed. It is shown that magnetron sputtering processes
are currently used in metallization systems for the deposition of aluminum alloy films,
films of Ti/TiN and Ta/TaN adhesive barrier structures, as well as TiN films used as
anti-reflective coatings. The requirements for the deposition processes by magnetron
sputtering of all films used in metallization systems are formulated.
Keywords: IC speed and performance; technological norm; level of IC crystal
production technology; IC metallization systems based on aluminum alloys
and copper; dielectric layers for interlevel insulation of metallization systems;
characteristics of layers on flat and relief substrates; aspect ratio; uniformity and
conformality of layers and films; films deposited in magnetron sputtering processes
and requirements for him.
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CPABHEHME BbICOKOYACTOTHBIX BO3MO)XXHOCTEMN OTEYECTBEHHbIX

KMOM TEXHONOrMiA C MPOEKTHBIMU HOPMAMM 90 HM 1 180 HM

HA NPUMEPE NPOEKTUPOBAHWUA CMECUTE/IbHOI O B/IOKA

KBAZLPATYPHOIO AEMOAYNIITOPA

B pabote npuseaeHbl pe3ynbTaThl NPOKTUPOBAHMS CMECUTENLHOMO SApa KBaApaTyp-

Horo aemopynsTopa ans KMOIM-TexHonorui ¢ npoekTHbIMK HopMamy 90 M 1 180 H.

TpuBEaEHb! pe3ynbTaThl MOAeAMPOBaHMS A4X CNpoeKkTMPOBaHHOTO 610Ka. Ha ocHose

[2HHOr0 NpuMepa ChHOpMyNMPOBAHLI NPeaBapUTENbHbIE BbIBOALI O LieNecoobpasHoCT1

MCNONb30BaHNS AAHHbIX TEXHONOM NI A5 Pa3PaboTKy BbICOKOUACTOTHBIX U3LENMNA.
Kniouesbie cnosa: syeiika Mnbbepta, kBagpaTypHblid Aemogynstop, KMOT,
aHaNOoroBbI CMECUTENb.
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HW3KOTEMMNEPATYPHOE PAAIUKA/IbHOE 1SSG OKUCIEHWUE KPEMHUS

MccnenoBaHa KMHETUKA PaanKkanbHoro OKUCTEHWS KPEMHWEBOW NMAACTVHBI B CUCTe-
Me MHAVMBMAYaNbHOA 06paboTkM MpU NpOBeAeHWMM MpOLecca HW3KOTeMnepaTypHo-
ro okucnenna (500..800 °C) ¢ reHepaumeit mapa y noBEPXHOCTM MAACTWHbI (in situ
steam-generation - 1SSG). [i19 ONpeAeNeHms KOHCTAHT PaanKanbHOr0 OKUCTEHNS UC-

N0Nb30BAANCH MOAYYEHHbIE 33BUCUMOCTY TOALLMHBI OKCWAA OT BPEMEHM MPY PasN4HON

TemnepaType 1 GUKCMPOBAHHBIX OCTANbHbIX NAPaMETPax TEXHOMOrMYECKOro NPOLeCca.

loKa3aHo, Y70 CKOPOCTb HU3KOTEMNEPATYPHOO PaAVKabHOrO OKUCNEHUS COOTBETCTBY-

€T 3KCNOHEHLMANbHOMY 3aKOHY pocTa. CamMoOrpaHnyeHme TOALLMHbI OKCUA], Habnda-
emoe npy Temnepatype Hxke 700 °C, MMeeT 6o/bLIOE MPAKTAYECKOe 3Ha4eH e Ans dop-

MUPOBaHHS TOHKOrO AM3N1eKTPUKA TONLLMHOW MeHee 1 HM, Tak Kak N03B0ASieT NOA6MpaTL

He0BX0AMMYI0 TOALLMHY OKCUA], U3MeHss TeMMepaTypy, a He Bpems npoLiecca.
Kntoyesble cnoBa: pajnkanbHOe OKMC/IEHHE, KIMHETHKA POCTa OKCUAA KPEMHWS,
3KCMOHEHLMaNbHbIN 3aKOH POCTa, CAMOOTPaHUYeHIE TOLLHbI OKCHAA.
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COMPARISON OF HIGH-FREQUENCY CAPABILITIES OF DOMESTIC 90 NM
AND 180 NM CMOS TECHNOLOGIES ON THE EXAMPLE OF DESIGN
A QUADRATURE DEMODULATOR MIXING BLOCK
The paper presents the results of design the mixing core of a quadrature demodulator
for 90 nm and 180 nm CMOS technologies. The results of simulation the frequency
response of the designed block are presented. On the basis of this example, preliminary
conclusions on the feasibility of using these technologies for the development
of high-frequency products are formulated.
Keywords: Gilbert cell, quadrature demodulator, CMOS, analog mixer.
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LOW-TEMPERATURE RADICAL ISSG OXIDATION OF SILICON
The kinetics of single wafer radical oxidation of a silicon during a low-temperature
(500...800 °C) in situ steam-generation (1SSG) oxidation process based on hydrogen
combustion is investigated. To determine the constants of radical oxidation, the
obtained dependences of the oxide thickness on time at different temperatures and
fixed other parameters of the technological process were used. It is shown that the rate
of low-temperature radical 1SSG oxidation corresponds to the exponential growth law.
The self-limitation of the oxide thickness observed at temperatures below 700°C is of
great practical importance for the formation of a thin dielectric with a thickness of less
than 1 nm, since it allows to control the process of oxidation by temperature, and not by
processing time as with standard thermal oxidation.
Keywords: radical oxidation, kinetics of silicon oxide growth, exponential growth
law, self-limiting oxide thickness.
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SHEPrETUKA HAHOKPUCTAJIIUTOB NOPUCTOrO KPEMHUA
PaccmoTpeHa 3HepreTuka 3d- HaHOKPUCTaNUTOB NOPUCTOrO KpemHMs NC-PS npume-
HWUTE/IbHO K MPOLLeCcam HU3KOTEMNEPaTyPHOr0 CHHTE3a NAEHOK rpadeHON0A06HbIX Ha-
HOKOMMO3WTOB. TOKa3aHo, YTO 3HepreTuka nc-PS 0byCnoBAeHa 13BbITOYHON NOBEPX-
HOCTHOI 3HEpruen HaHOKPUCTANANTOB MOPUCTOrO Si 1 HaHOPa3MepHbIMK 3ddeKTamy,
BO3HMKAIOLLMMM Ha IOKANbHbIX Y4aCTKAX aTOMApHO LIEPOX0BATOW NOBEPXHOCTY NC-PS.
CamoopraHmM3aLys HaHopa3MepHbIX CUCTeM NOp C 06pa3oBaHIeM NEPUOANYECKH yno-
PABOYEHHbIX CTPYKTYP Ha peanbHoM NOBEPXHOCTM MOPUCTOrO Si Onpefensiercst KBaHTo-
BbIMI 3GEKTaMM, KOTOPbIE 06YCIOBAEHDI LIEPOXOBATOCTbIO aTOMOB B BYfE aTOMHbIX
CTyNeHel, BbICTYMOB W OMPEaENsitoT NOsIBAEHNE LaNbHOLENCTBYIOWMX, KAmMANSPHO-
YMPYriAX CvA NOBEPXHOCTY. TOMMMO AaNbHOAENCTBYIOLLAX MOBEPXHOCTHBIX Kanuansp-
HO-YNPYTIX CUA, BXHYIO POb MrpatoT AedekTHO-4eGOPMALIMOHHbIE CUbl FPaHMLLI
MHTEpderca HaHOKPUCTaNA/MaTpULId MOHOKPUCTANNNYECKOTO KPEMHHS,  KOTOpble
ABASIOTCA, NO CYLLECTBY, TPAHNYHLIMK YCNOBUSMU MeTa-MOBEPXHOCTEN [BYMEPHOTO
2DM 1 kBasnaBymepHoro Q2DM Matepuanos, KOTopble Pe3ko U3MEHSIOT du3nyeckme
CBOWCTBA KPUCTANANYECKIX PELIETOK MATPHLIbl Si. B CTaTbe paccMoTpeHbl 0C06eHHOCTH
3TVX CWN W X BAMSHYE Ha 3HEPreTV Ky HM3KOTeMNepaTypHOro C1HTe3a rpadeHonofob-
HbIX YT1€POAHbIX HAHOKOMMO3UTOB Ha NOBEPXHOCTY MOPUCTOTO KPEMHMS.
KntoueBble cn0Ba: MOpUCTBIA Si, HAHOKPUCTANANTEI, HU3KOTEMMEPATYPHBIN CUH-
Te3, rpadeHOBbIE HAHOKOMMO3NTLI.
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ENERGY OF POROUS SILICON NANOCRYSTALS
The energy of porous silicon nanocrystallites nc-PS as applied to the processes of low-
temperature synthesis of films of graphene-like nanocomposites is considered. Shown
that the energy of nc-PSis due to the excess surface energy of porous Si nanocrystallites
and nanoscale effects arising in local areas of the atomically rough surface of nc-PS.
Self-organization of nanoscale pare systems with the formation of periodically ordered
structures on the real surface of porous Si is determined by quantum effects, which are
due to the roughness of atoms in the form of atomic steps, protrusions and determine
the appearance of long-range, capillary-elastic surface forces. In addition to long-range
surface capillary-elastic forces, an important role is played by the defect-deformation
forces of the nanocrystal/single-crystal silicon interface boundary, which drastically
change the physical properties of the boundary crystal lattices of the Si- matrix.
The article considers the features of these forces and their influence on the energy
of low-temperature synthesis of graphene-like carbon nanocomposites on the surface
of porous silicon.
Keywords: porous Si, nanocrystallites, low-temperature synthesis, graphene
nanocomposites.
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