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MNpeacTaB/iieHbl TeOpeTUYECKMe OCHOBbl W pe3ysbTaTbl MOAEIMPOBaHUS Mpouecca (GpopMUMpoBaHuUs
OCTPOBKOBbIX TOHKUX MJIEHOK B BaKyyme. PacCMOTpeHbl BO3MOXHbIe Fpymnmnbl METOAOB MOJy4YeHUs
OCTPOBKOBbIX TOHKUX MJIEHOK. MOKa3aHbl 3aBUCUMOCTU JlaTepasibHbIX Pa3MepoOB OCTPOBKOBbIX TOHKUX
NJeHOK B BaKyyMe OT TEXHO/IOrMYecKUX napaMeTpoB HaHeCeHUs.

Theoretical foundations and results of the modeling of islet formation of thin films in vacuum
are presented. The possible groups of methods for islet thin films are considered. The
dependence of thin films lateral islet sizes on the technological parameters of deposition in

vacuum is shown.

3BeCTHO, YTO CBOMCTBA TOHKOM IJIEHKU OT/IU-
YaIOTCS OT CBOMCTB MAacCHUBHOTO MaTepHaa,
ocobeHHO ec/lIM TONIIMHA IJIeHKH O4YeHb
Mana. ITa "0cobeHHOCTH' ompefesseTcs CIelnu-
GUKOI CTPYKTYPHI IIJIEHKH, KOTOPasi, B CBOIO ode-
penb, obycioBieHa ImpoleccaMu ee o6pa3oBaHHS.
CymiecTByeT 60bIlIOe YHCJIO METOLOB U IIPOLIECCOB
01y YeHU sl TOHKUX IJIEHOK ~ OT IIPOKATKH 10 0CaXK-
INeHHs MaTepHasa Ha IOJJIOKKY aTOM 332 aTOMOM.
Yalie BCero MCIOAb3yIOT METO/ bl OCaKAeHHU [1].
YKPYIIHEHHO MOXKHO BBIZEIUTH CJIeAYIONIHe STAIIbl
0bpa3oBaHUS TOHKHX IIJIEHOK B BaKyyMe [2]: obpaso-
BaHMe 3apOJbIIIeL; POCT 3apojblller, o6pa3oBaHUe
OCTPOBKOB; KOaJleCLleHII1sI OCTPOBKOB; 0bpa3oBaHHUe
KaHaJIOB; POCT CIUIOLIIHOM IVIEHKH. [lJIsl COBpeMeHHOH
HayK{ U TeXHUKU 6OJIBIION MHTEepPeC MpeCTaBISIOT
OCTPOBKOBBIE IIJIEHKH, TO €CTh HECIUIOIIHbIE TOHKHE
MIOKPBITHS, GOPMHUPOBAHHE KOTOPBIX 3aBEPIIHIIH HA
3Tarle o6pa3oBaHHUS OCTPOBKOB. YHUKA/IbHBIE 3JIeK-
TPOHHBIE, ONTO3TeKTPOHHBIE U JPyTrHe CBONCTBA
OCTPOBKOBBIX TOHKHUX IIJIeHOK (OTII) CBSI3aHBI C TeM,
YTO MX pa3sMephl BO BCeX TPeX M3MepeHHU X JeXaT B
HAaHOMETPOBOM JHala3oHe. DTOT GaKT 06yCIOBINBaeT
3¢pdeKT pa3mMepHOro KBAHTOBAHU S SHEPreTHYeCKHUX
YPOBHEH 3JIeKTPOHA, HAaXOASIIerocsi BHYTPU HaHO-
CTPYKTYPEL (OCTpOBKa). [IoBefieHMe 371eKTPOHA BHYTPHU
HaHOpa3MepHOI0 OCTPOBKa II0A0OHO ero MmoBefeHHIO
BHYTPH TPeXMePHOU IIOTeHIIHA/IbHOU SIMHI [3, 8].

OTII u1u OCTPOBKOBBIE HAHOCTPYKTYPBl HAXOASAT
IpUMeHeHUe B HAaHOYIeKTPOHHUKe, ONTHKe, $OTOo-
HHUKe, UX aKTyaJIbHOCTb OUeBHJIHA U HEOCIIOpHMa B
CBSI3U C yly4dlleHHeM XapaKTepPUCTHUK I10/yUYeHHBIX
H3IeNMHM: BEICOKUM KII/I, JOMTOBEeUHOCTBIO 3/Ie MeH-
TOB HMaMSTH, 60nbIIel CIIeKTPaJbHON YacTOTOH,
BBICOKHM OBICTPOZEICTBHEM U, KOHEUHO, MUHHATIO-
pu3anuen mpubopos.

M3BeCcTHBI ABa TeXHOJOIMYECKHUX IOJAX0Ja K
cosmanuio OTII: "cBepxy-BHM3" M "CHH3y-BBepx'.
TexHonorus "cBepxy-BHM3" IoApa3yMeBaeT Opra-
HH3aIHMI0 KBAHTOBBIX HAHOCTPYKTYp IpHU obpa-
60TKe MaKpoMacITabHOro o6beKTa ¢ IOCTeIIeHHbIM
yMeHbIlIeHHEeM ero pa3mepoB. [IpOTHBOIONIOXKHBIH
oAXxoJ "CHHU3y-BBepX' COCTOHUT B TOM, UTOOBI
HabpaTb, COEIMHUTD, BEICTPOUTD OT/e/IbHBIE ATOMBI
Y MOJIeKYJIBl B YIOPSILOYeHHYIO CTPYKTypy [3].
PaccMOTpUM BO3MOKHBIE MeTOIbI ITony4yeHus OTII.

METO/bl MOJIYYEHUA

OCTPOBKOBbIX TOHKUX NMNEHOK

Jlutorpadusa mossonseT GOpMHUPOBATH MIEHKU
Pa3sIMUYHOMN TOMONOrUHM, obecrnednBas BHICOKYIO
BOCIIPOM3BOJAKMMOCTb Pe3yJbTaToB (KaK MHIUBH-
AyaJlbHBIX, TaK M FPYNIOBEIX) [3, 4], HO Kaaccu-
YeCKHMMHU MeTOLaMH BO3MOXKHO IONYyYUTh MUHMU-
MaJjbHble pa3Mepsl [0 oJIel MUKpoMeTpa. Tem He
MeHee, B HacTosilllee BpeMsl aKTUBHO Pa3BHBaeTCs
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HaHo/IUTOrpadus, KoTopas IIO3BOJIUT I10/y4aTh
CTPYKTYPBHI C pasMepaMH [0 JeCATKOB HAHOMETPOB.

Hcronp3oBaHue peibePHBIX M Pa3BUTHIX IIOBEPX-
HocTen A1 dopmupoBaHusa OTII mMeeT CBOM
NOCTOMHCTBA M HeJOCTAaTKH. C MOMOIIBIO 3TOH
TPYIIIIBl METOMOB MOKHO HOOHUTHCS YHOOBIETBOPU-
TeJIbHOM BOCIIPOU3BOAKMMOCTH, IIPHYEeM pe3ysbTaT
B OCHOBHOM OyZeT 3aBHCeTh OT CTPYKTYPhI IIOBEPX-
HOCTH — Pa3MepoB I0p (A5 MOPUCTBIX MaTepPHaJIOB)
unu "rnobyn” (4151 QOTOHHBIX KPHUCTAIOB) [3].

B MTore pacCMOTpeHH S KIaCCUPUKALIUKU METO0B
C TOUKH 3PEHU S BO3MOXKHOCTH IIOJIYyYeHU ] MUHU-
MaJIBHOTO pa3Mepa OCcTpoBKa (o 10 HM), A/ 0"
pobHoro aHanuTH4deckoro ob63opa 6ssa BeIOpaHa
rpyIiia MeTOL0B CAMOOPraHM3al MK, BKAKYaIaL
MOJIEKYJISPHO-JIy4€BYIO SIHUTAKCHUIO, 3IIHUTAKCHUIO
M3 ra3soBou ¢asel, AYyroBOU pa3psal, TepMHUUYECKoe
HCIlapeHHe, MaTHeTPOHHOe pacCIblleHHhe, HOHHO-
Jy4yeBoe TpaBjieHHe, pacIlliaBjJieHHe IJIEHKH Ha
MOBePXHOCTH MOAJIO0KKHU U LLeHTPUPyTUpoBaHUe [3].

MeToz MOIeKYISIPHO-Ty4eBOM SIIUTaKCHU (MJID)
1103B0/IsIeT POPMHPOBATH COBEPUIEHHbIE MOHOKPH-
CTaJIIMYeCKHUe CJI0M Pa3/IMYHbIX MaTepHUaioB B
YCJIOBHSIX CBEPXBBICOKOI'O BaKyyma. I1o cpaBHEHUIO
C IPYTMMU TeXHOJOTHMAMHM /15 BhipamuBaHusa OTII
OaHHBIM MeTOJ XapaKTepH3yeTcs B IePBYIO o4epesb

Ma/aBIMHU CKOPOCTSMH U HH3KOHM TeMIlepaTypoH
pocta [3, 5, 6]. HemoctatkaMu MJID MOXKHO Ha3BaTh
CJIOKHOCTb U IOPOTOBU3HY TeXHOJIOTUH.

CymiecTBeHHBIM IIPEMMYILeCTBOM MeTo4a 3IIHU-
TAaKCHUU M3 Ta30BOH (a3bl SIBASETCS BBICOKAS CKO-
pocTh ocaxkAeHU (A0 1 MKM/MUH) IpK COXpPaHEeHUU
BBICOKOI'0 Ka4yecTBa IIJIEHOK, B TOM YHCJ/Ie U OCTPOB-
KOBBIX [3, 4, 6], a TaK>XKe BO3MOXHOCTh HaHeCeHHU
MaTepHasa Ha JeTalH CI0KHOM KOHQUTypallMU U
6ospIIoM rromanyu. K HegocTaTkaM METOa OTHO-
CHUTCS KCIIOJIb30BaHMe aT PECCUBHBIX CPeJ M BEICOKHX
TeMIIepaTyp, a BeIpallleHHbIe CJI0U 607Iee TOICThIE I10
CPaBHEHHIO C ITOAy4YeHHBIMU MJID.

Jisa MeToza AyroBOro paspsja XapaKTepHa IIpak-
THYeCKH HeorpaHM4YeHHAas 3JIeKTpUYecKas MOII-
HOCTb, YTO JaeT BO3MOKHOCTb PACIIBLIATh TYTOIJIaB-
KHe MaTepHabl, U BBICOKMH KO3OULIMEeHT HOHH3a-
LMK UCIIAapsSeMBbIX YaCTHIL, YTO BeZleT K YBeJIUYeHHU IO
UX 3Heprud [3, 4, 7]. K HegocTaTkaM MOXKHO OTHECTH
HeCTabMJIBHOCTD II0JIyYeHHBIX Pe3yIbTaTOB U CIIOX-
HOCTb YIIPaBJIeHU S IIOTOKOM YaCTHII.

MeTo[ TepMHUYeCKOI0 UCIIapeHU s B BaKyyMe HMeeT
Caenyolye IIpeuMylecTBa: YAOBIeTBOPHUTEIbHYIO
BOCITPOM3BOJUMOCTb CBOKMCTB IVIEHOK 3a CUeT BBICOKOU
YHCTOTHI IIPU OCAKIEHHUH; XOPOIIYIO afre3rIo K IIOf-
JIO’KKe, 0CODeHHO IIPU ee HarpeBaHUHU. HCII0b30BaHHe

t is known that the properties

of thin films differ from prop-

erties of bulk materials, espe-
cially if the film thickness is very
small. This "feature” is determined
by the specifics of the structure of
the film, which in turn depends
on the processes of its formation.
There are a large number of meth-
ods and processes for thin films for-
mation, from rolling to the deposi-
tion of material on a substrate atom
by atom. Most often the deposition
methods are used [1].

In General, we can distinguish
the following stages of thin film
formation in vacuum [2]: the for-
mation of nucleus; growth of
nucleus; formation of islets; coales-
cence of islets; formation of chan-
nels; the growth of a continu-
ous film. For modern science and
technology, the islet films, i.e.

non-continuous thin coatings, the
creation of which was completed at
the stage of formation of islets, are
in great interest. Unique electronic,
optoelectronic, and other proper-
ties of islet thin films (ITF) are asso-
ciated with the fact that their size
is in the nanometer range in all
three dimensions. This fact deter-
mines the effect of dimensional
quantization of the energy levels
of electrons inside the nanostruc-
ture (islet). The behavior of elec-
trons inside nanoscale islet is like
his behavior within three-dimen-
sional potential well [3, 8].

ITF or islet nanostructures are
used in nano-electronics, optics,
photonics. Their topicality is obvi-
ous and indisputable in connec-
tion with the improvement of
the characteristics of the prod-
ucts obtained: high efficiency and

durability of memory devices, a
greater spectral frequency, higher
performance, and, of course,
smaller size of the devices.

There are two technologi-
cal approaches to the creation of
ITE: "top-down" and "bottom-up".
"Top-down" technology implies
the formation of quantum nano-
structures in the processing of
macro-scale object with a grad-
ual decrease in its size. The oppo-
site approach, "bottom-up" implies
to collect, to connect and to build
individual atoms and molecules
into an ordered structure [3]. Let's
consider the possible methods of
production the ITF.

METHODS OF FORMATION

OF ISLET THIN FILMS

Lithography allows to form films
of various topologies, providing
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B3aumocesizb epemeHu 06pa308aHUs MAKCUMAAbHOZO KOAUYECM8a 3apodbiluell Kpumu4eckoz0 pasmepa u memnepamypbl noo-
AoxKu: 1,17 - ucxooHble 3Ha4eHuss AE, u AE; 2, 2" = AE, > AE,; 3, 3" - AE, > AE; 4, 4™ - 3HaueHus 3Hepaull AE, u AE, ygeauyeHol
The relationship between the time of formation of the maximum number of nuclei of critical size and substrate temperature: 1,1° - orig-
inal values of AE;and AE; 2, 2° - AE, > AE,; 3, 3" - AE, > AE; 4, 4™ - increased values of the energies AE, and AE,

MarHeTPOHHOI'O PacIlbIeHHsI obecrieuyrBaeT BEICOKYIO
CKOPOCTB OCakAeHMs. HelocTaTKOM MeTofia sIBIseTCs
HeobX0oqMOCTb ITPUMeHeHU s pabouero rasa [3].

high reproducibility of results
(both individual and group) (3,
4], but the classical methods
ensure minimum dimensions
to fractions of a micrometer.
However, currently the nano-
lithography is actively devel-
oped, which will allow to obtain
structures with sizes up to tens
of nanometers.

The use of relief and developed
surfaces for ITF formation has its
advantages and disadvantages.
With use of this methods, it is pos-
sible to achieve satisfactory repro-
ducibility, and the result will
mainly depend on the structure of
the surface - pore size (for porous
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materials) or "globules" (for pho-
tonic crystals) [3].

As a result of consideration of
the classification of methods, in
terms of the ability to obtain the
minimum size of the islet (up to
10 nm), for a detailed analytical
review the group of methods of
self-organization has been cho-
sen. It includes molecular-beam
epitaxy, gas phase epitaxy, the
arc discharge, thermal evapora-
tion, magnetron sputtering, ion-
beam etching, surface melting
and whirling [3].

The molecular beam epitaxy
(MBE) allows to create a perfect
single-crystal layers of different

I/IOHHO'HY‘—IEBOQ TpaB/IeHHEe II03BOJIAET II0JIYyUYHTh
OCTPOBKH BBICOKOH HaIlpaBJIEHHOCTH, TO €CThb C YeT~
KHMHU I'PaHHIIdMH, PACIIOJIOCKEHHBIMH I1€PIIEHAHKY-

materials in ultrahigh vacuum
conditions. In comparison with
other technologies for growth of
ITF this method is characterized
primarily by low rate and low
growth temperature (3, 5, 6]. The
complexity and high cost of the
technology are disadvantages of
MBE

A significant advantage of
the gas phase epitaxy is the
high deposition rate (1 micron/
min) with maintaining the high
quality of the films, including
the islet films [3, 4, 6], as well
as the possibility of the depo-
sition on parts of complex con-
figuration and a large area. The
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JSIpHO oA JIokKKe [3, 4]. TakKe CcyIlecTByeT BO3MOX-
HOCTb TPaBJ/IeHUsI IPAaKTHUECKU JII0ObIX BEIeCTB, UTO
[103BOJISIeT MCII0/Ib30BaTh IIMPOKHH CIIeKTP MaTepHa-
noB. PaBHOMepHOCTh OTII cocTaBnser oT 2 g0 5%.
HepmocTaTkaMH MeToJa ABJISIOTCS JOPOrocTosllee
obopymoBaHMe U HHU3KAsl CeJIEKTUBHOCTb TPABJIEHHUS.
PacriyiaBieHHe IJIEHKH Ha [I0OBePXHOCTH ITOJ/IOKKH
COITPOBOXKA,AeTCsl HellpecKa3yeMoCTbio GOPM U pas3-
MepoB OCTPOBKOB. HeocTaTkoM MeTona LieHTpUPY-
THPOBaHHU S KOJIJIOUJHOTO PAacTBOPa MeTa//IMYeCKHX
YaCTUI] SBJISeTCS CYLeCTBeHHAasl HepaBHOMEPHOCTh
pacmpenesieHHs OCTPOBKOB I10 IIOBEPXHOCTH IIOJ-
JIOKKH. 3HaUMUTe/IbHOE JOCTOMHCTBO ~ IIPOCTOTA pea-
JIM3aL KUK MeTO[a B CJlydae HaJIMYMS KOJJIOHUIHOIO
PacTBOpa C YacTULIAMHU HeoOX0LMOro pa3mMepa [3].

MOJE/INPOBAHUE NMPOLIECCA POCTA

OCTPOBKOBbIX TOHKUX MJIEHOK

Bo Bcex TeOpHsIX 3apoAblieobpa3soBaHUS B TOHKUX
IIJIeHKax (1, 8] mepBBIM 3TAIIOM CYHTAETCS CTOJKHO-
BeHHe MOJIeKYJIBI I1apa C IO I0KKOM. Pe3ynpraTom
CTOJIKHOBEHHSI MOTYT 6BITh TPHU COOBITHS: acOP6-
LM U IIPOYHOe 3aKpellJIeHHe MOJIEeKY/Ibl Ha II0f-
JIOKKe; afcopbIIMs U HCIIapeHHe MOJIeKYJIBl Yepe3
KOHEYHBIH IIPOMEXYTOK BpeMeHH; OTpakeHHe
MOJIEKYJIBl OT IIOJJIOKKHU, II0LO0OHO CBETY OT 3ep-
Kaja. B obmem ciydae aToMBI MafaioT Ha [IOBEPX-
HOCTb IOAJOXKH C 3HEpPrHUsSIMH, 3HAYHUTEJIBHO
bonpmumu kT, rge T - TeMIepaTypa MOATOKKH.
[I05TOMYy BO3HHKaeT BOIIPOC, CMOXKET JIH aTOM
Iapa A0CTaTOYHO GBICTPO MPUATH B PaBHOBeCHe
C IIOJJIOKKOM TaK, YTOOBl CMOT/IA IIPOMU30MUTH €ro

azcopbLMsi, UK OH OTPA3UTCS OT MOMAJIOKKH, He
OTZAB el BCeU 3allaCeHHOM SHEepruu.

MHoro paboT mocCBsAIIeHO BOIIPOCAM H3y4YeHUS
U MOJEe/NHPOBAHUS POCTAa OCTPOBKOBEIX IIJIEHOK.
CymiecTByeT /Be TeOpPHUH 00pa30BaHHUS TOHKHUX IIjIe-
HOK, KOTOPbIe OIIKMCHIBAIOT 3TAIIBl 3apojibleobpaso-
BaHHA. OCHOBOM M1 HUX CIY>XaT KallM/UISIPHAs U
aTOMHas MOJIe/IM POCTa TOHKOH IJIeHKH [1, 8].

JlJ1s1 KaIIMJIIIPHOM MOJIeTH CKOPOCTb jy o6pa3oBa-
HU S 3aPOJbIIIeH BRIYMC/ISIeTCS U3 BhIPasKeHH .

R <1>
’

rae C - IIOCTOSIHHAS, YYUTHIBAIOLA Sl TeOMeTPUYeCKHe
IapaMeTPpsl; V - CKOPOCTb ocaskeHu s ; AGy,, ~ cBoboa-
Hasl SHeprus akTUBALUHU fgecopbuun; AG,y - cBobo-
Has SHeprus aKTUBALMH II0BEPXHOCTHOM JUPPY3HHU
ancopbUpoBaHHBIX aTOMOB; AG — U3MeHeHHe cBobof-
HOM SHepruu Ipy 06pa3oBaHUU KPUTHYECKOIO 3apo-
npima; T - TeMIepaTypa MOAJI0KKH; Kk - mocTossHHas
bonpiiMmaHa.

Jl71s1 aTOMHOM MOJeIH CKOPOCTh j, 06pa3oBaHUs

3apoJiblIles BEIUKC/ISIeTCS U3 BhIpaskeHU

i"+1)E, +E. -E
(1+ )]z; i d) (2)

’

rge i° - 4MCI0 AaTOMOB B KPUTHUUYECKOM 3aPOJbILIE;
E, - PHeprus akKTHBALUU Aecopbuuu amcopbupo-
BaHHOIO aToMa; E; ~ 9Heprus AUCCOIUALIMH KPUTH-
YeCKOTo 3apojbllla Ha afCcopOUpPOBaHHbIE ATOMBI;
E4 - SHeprus aKTUBALMH [I0BEPXHOCTHOM nuddy3uu
afncopbupOBaHHBIX ATOMOB. 3HaUYeHHe pa3MepHOro

ja =Cvexp(

disadvantages of the method
include the use of aggressive
media and high temperatures,
and the grown layers are thicker
compared with the MBE.

The arc discharge is character-
ized by virtually unlimited elec-
trical power that gives the abil-
ity to sputter high-melting mate-
rials, and high coefficient of ion-
ization of evaporated particles,
which increase their energy [3,
4, 7]. The disadvantages include
instability of the obtained
results and the complexity of the
flow control of particles.

The thermal evaporation
in vacuum has the following

advantages: satisfactory repro-
ducibility of the films properties
due to the high purity during the
deposition; good adhesion to the
substrate, especially when it is
heated. The use of magnetron
sputtering provides high depo-
sition rate. The disadvantage of
this method is the necessity of
use of the working gas [3].

Ion beam etching allows for-
mation of the oriented islets, i.e.
with crisp boundaries arranged
perpendicular to the substrate [3,
4]. It is also possible to etch vir-
tually any substances that allows
to use a wide range of materials.
The uniformity of the ITF ranges

from 2% to 5%. The disadvantages
of this method are the expensive
equipment and low selectivity of
the etching.

The melting of the film on
the surface of the substrate is
attended by the unpredictability
of the shapes and sizes of islets.

The disadvantage of whirling
of a colloidal solution of metal
particles is a significant irreg-
ularity in the distribution of
islets on the surface of the sub-
strate. The significant advan-
tage is ease of implementation
in the case of a colloidal solution
with particles of the required
size [3].
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ko3 dUILIHeHTA 11T aTOMHOM MOJe/IH OIIpesiesisieTCst
M3 BBIPasKeHHUS:

v i
C=2a,yN, (_VINOJ (3)

Ihe a, - AnuHa AuPPY3MOHHOrO IIepeckoKa afcopou-
pPOBaHHOrO aToMa (IpU6IHU3HUTENbHO PaBHA IIOCTOSH-
HOU pelIeTKH IIOJJIOKKH, IJIsI pacyeToB BeIOpaH
KPeMHHUI); y - IIMHA OKPY>KHOCTH, OrPAaHHUYHBAIO-
IIasi IOBEPXHOCTH 3aPOABINIA, HA KOTOPYIO BO3MOSKHO
IIOCTYILJIEHHe aTOMOB M3 IIapoBoM ¢asel; N, - IIIOT-
HOCTb MeCT, Ha KOTOpble MOTYT afCcoOpOUpOBAThCS
ATOMBI; V; ~ YacToTa Aecopbuyu agcopbupoBaHHOTO
atoma.

O6e Mozenu B 0611eM BUe OIIUCHIBAIOT 3aBUCU-
MOCTb CKOPOCTH j 06pa30BaHU S 3aPOJbIIIEH OT SHep-
reTU4YecKUx mapamerpos. KanumnsgpHas mogens (1)
He Bcerza faeT MHGOPMAILIHIO O pa3Mepax KpUTHYe-
CKHX 3apoAbluiesl U 06 N3MeHeHUU CKOPOCTH 3apo-
nplmeobpasoBaHusi. ATOMHasi MoZenb (2) IOX0XKa Ha
KaIlU/UISIPHYIO, HO B HeH fe/laeTcsl aKILleHT Ha 3apo-
OBl pa3MepoM B HECKOJIbKO aTOMOB. ABTOPaMH
BbIOpaHa aTOMHas MOJIe/Ib POCTA, TAK KaK OHA YUHUTHI-
BaeT U3MeHeHHUe CKOPOCTH 06pa30BaHUS 3apObIIIeit
Ja’ke IIpU U3MeHEeHHUHU pa3Mepa 3apofbllla JIHIIb Ha
ofuH aToMm [1, 8].

IMoxcTaBus (3) B (2), oy4daeM Cleflyomee BeIpaske-
HHe [I7I51 OIIpeJiesIeH U I CKOPOCTH j [mT./m%c] o6pasoBa-
HUSI KPUTUUECKUX 3apOJbIILIeH:

v ) (i"+1E, +E -E,
v,N Oj vexp—— ) @)

j= aoyNo[

MODELING OF GROWTH PROCESS

Jlnst Toro 4To6Bl OIIpefeIUuTh HauaIbHOE BpeMs
06pa3oBaHUS OCTPOBKOB, HEOOXOZHMMO 3HATB, KOrAa
mojokKa bymeT "3amosHeHa" MaKCHMalIbHO BO3-
MOSKHBIM KOJTHYeCTBOM [IIT./M?] 3apoAbIIIes KPUTH-
YeCKOro pa3Mepa, KOTOpPOe PacCYUTHIBAETCS 10 Gpop-
MyJIe:

_ [Nov Eq
Nmax_ V_lxeXP(ﬁ) (5)

IToc/e 3TOTo 3Tara HAYHMHAETCSl POCT OCTPOBKOB.
TakuMm 0bpasom, HeobxomUMO 3HATE BpeMsl t [c] 0bpa-
30BaHHUS MaKCHMaJIBHOTO KOJIMYeCTBa 3apOABILIeH
KPUTHYeCKOro pa3mepa:

t=—ma (6)

B pesysibpTaTe aHa/AIM3a IUTEPATYPHBIX JAHHBIX
661711 BEIOpAaHBI 3HAUEHHU I He0OXOIMMBIX [JISl pac-
YyeTa IapaMeTPOB U 10 BEIPasKeHUIO (6) TOCTPOEHbI
3aBHUCHMOCTH BpeMeHHU 06pa3oBaHU s MaKCHMaJIb-
HOT'0 KOJTMYeCTBa 3apOAbIIIell KPUTUYIECKOTO pas-
Mepa OT TeMIIepaTyPsl IOATOXKKH (CM. PUCYHOK).
YHCI0 ATOMOB B KPUTHUYECKOM 3apPOJbIIIE I/
KPHUBHIX 1, 2, 3, 4 - 5 mT.; A1 KpUBBIX 17, 27, 37,
4 -3 mrT.

M3 prucyHKa BUJHO, YTO BpeMs 0O0pa3oBaHUS
MaKCHUMaJIbHOTO KOJTUYeCTBA KPUTHUUYECKUX 3apo-
ObIIIeN oueHb Majio (~ 1071 ¢) U cuIbHOE BIUSHHE
OKa3BIBAIOT JHEPTeTHUYeCKHe IIapaMeTphl, B TOM
YMC/le TeMIIepaTypa MO JIOKKH.

[lonydyeHHas 3aBUCHMOCTbH, OIpejesiomas
B3aHMMOCBSI3b TeMIIePATypPhl MOJIOKKH U dHEp-

OF ISLET THIN FILMS

All theories of nucleation in thin
films [1, 8] describe the first step
as the collision of vapor mole-
cules with the substrate. Three
results of collision are possi-
ble: adsorption and stable fixa-
tion of molecules on a substrate;
adsorption and evaporation of
molecules after a finite period of
time; a reflection of molecules
from the substrate, like the light
from the mirror. In the general
case, the atoms fall on the sur-
face of the substrate with ener-
gies, much larger kT, where T
is the substrate temperature.
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Therefore, the question arises
whether the atom can fast
enough come into equilibrium
with the substrate for adsorp-
tion, or it will be reflected from
the substrate not giving her the
whole stored energy.

Many studies are devoted to the
modeling of growth of islet films.
There are two theories of the for-
mation of thin films, which
describe the stages of nucleation.
The capillary and atomic models
of the growth of thin films are
the basis for them [1, 8].

For capillary model the rate of
formation of nuclei ji is calcu-
lated from the expression:

AG,,.-AG,, -AC

kT

where C is a constant that takes
into account the geometri-
cal parameters; v is the depo-
sition rate; AGg, is free acti-
vation energy of desorption;
AGgq is free activation energy
of surface diffusion of adsorbed
atoms; AG is free energy change
during the formation of a crit-
ical nucleus; T is the substrate
temperature; k is Boltzmann
constant.

For atomic models the rate of
formation of nuclei j, is calcu-
lated from the expression:

des

jK = Cvexp( ) D



NANOTECHNOLOGY. VACUUM TECHNOLOGY

TUU aKTUBAI MU Aecopbruu amcopbUpoBaHHBIX
ATOMOB, PAaCCYMTAHA [/ CKOPOCTEH OCaKAEeHHUS
MeH Ha KPeMHHEeBYIO MOJJI0XKKY 107° Kr/mM2c u
107> kr/m?c. BBIJIO yCTAHOB/IEHO, UTO IpHU 60/bIIer
ckopocTH ocaxkaeHus (107> kr/m?c) nas obpaso-
BAHHUS MaKCHMAaJIbHOIO KOJTHYeCTBA 3aPOABIIIeH
KPUTHYECKOTO pa3Mepa JOCTATOYHO TeMIIePaTyphl
MOAJIOKKH, MeHbIllel IpUMepHO Ha 100-200 K.

3AK/IIOYEHUE

TeopeTHUecKuMe UCCIeL0BAHK A [I0KA3a/M, YTO IIPHU
OosbIIell CKOPOCTH OCaXKAeHHUS A1 06pa3oBaHHUS
MaKCHMaJIbHOTO KOJIMYeCTBa 3apoJblllell KpUTHYe-
CKOI0 pa3Mepa JOCTaTOYHO MeHbIIel TeMIIepaTyphl
MOJJIOKKH. B manpHenmen paboTe minaHupyeTcs
IpoBeJleHHe SKCIePUMEeHTAIbHBIX UCCIeJOBAHUU
pocta OTII, McIoJb3ysl IOy4YeHHBIN TeMIIepaTyp-
HBIY AHMAla30H Harpesa IIOAJIOKKHY 0T 293 1o 1273 K.

ITo pe3ynbTaTaM IIpoBefeHHOro 0630pa MeTOL0B
dopmupoBaHus OTII MOKHO OTMeTHUTh, UTO HaU-
boslee BEITOJHA C TOYKH 3PEeHUS ONpefesiioiero
KpuTepHus (MUHHUMAaJIbHBIK Pa3Mep) MOJIEKY/ISIPHO-
nTydeBas SMUTAKCHs, obnamaomas, KpoMe JPYyTHUX
IIperuMyllecTB, BBICOKOM BOCIIPOM3BOLHMOCTEIO.
Ho maHHBIN MeTO[ He SIBISIeTCSI IPOMBIIIJIEHHBIM
1 TpebyeT 60IBIINX BpeMeHHBIX 3aTpaT A /151 peaiu-
3allMH.

B KayecTBe MpreMJ/IEMBIX METOJOB C TOYKHU 3pe-
HUS AOCTYIIHOCTH TeXHOJIOTHUHU BBIOPAHBI TEPMHU-
yecKkoe MCIlapeHHe U MaTrHeTPOHHOe pacIblieHHe,
obnazarpuue MUPOKKUM JHUAIIA30HOM PeXHUMOB U
BO3MOXXHOCTBIO BAPbUPOBAHM A KOHCTPYKTHUBHBIX

3JIeMeHTOB, YTO II03BOJIUT J06UThCS TpebyeMoro
pesynbraTa npu popmuposanuu OTII.
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(i"+1)E, +E, -E,
Cvexp(k—T), )
where i* is the number of atoms
in the critical nucleus; E, is the
activation energy of desorption of
adsorbed atom; E;* is the dissocia-
tion energy of the critical nucleus on
the adsorbed atoms; E is the activa-
tion energy of surface diffusion of
adsorbed atoms. The dimensional
coefficient for an atomic model is
defined from the expression:

i
v
~ o

1% 0

jA:

CzaoyNO(

where a, is the length of diffu-
sion jump of an adsorbed atom

(for silicon is approximately
equal to the lattice constant of
the substrate); y is length of the
circle bounding the surface of
the nucleus, which could receive
atoms from the vapor phase; N,
is the density of spots, which can
adsorb atoms; v, is the frequency
of desorption of adsorbed atom.
Both models in general
describe the dependence of the
rate j of formation of nuclei on
the energy parameters. Capillary
model (1) does not always give
information about the size of the
critical nuclei and the change
of nucleation rate. The atomic
model (2) is similar to capillary,

but it focuses on nuclei with the
size of a few atoms. The authors
have chosen the atomic model
of growth, since it takes into
account the variation of the rate
of formation of nuclei, even if the
size of the nucleus changes only
by one atom [1, 8].

Substituting (3) into (2), we
obtain the following expression
for determining the rate j [pieces/
m?s] of the formation of critical
nuclei:

j=aoyN, (VlVNO] X

(i'+1)E, +E By
kT .

@)

X vexp(
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In order to determine the initial
time of the formation of islets, we
must know, when the substrate is
"filled" with maximum quantity
[pieces/m?] of nuclei of critical size,
which is calculated by the formula:

E
v X exp(k—T (5)

After this stage the growth of
islets begins. Thus, it is necessary
to know the time t [s] of formation
of the maximum number of nuclei
of critical size:

£ = Ninax ©)
U

Analysis of references has allowed
to choose the values needed for cal-
culating the parameters and with
use of expression (6) to build the
dependence of the time of forma-
tion of the maximum number of
nuclei of the critical size on temper-
ature of the substrate (see figure).

ROHTROM HODEIE
TELHGNGIAA B TOEFEOTLARHON
EEY ANERTFORANE

LleHa 975 py6.

The number of atoms in a critical
nucleus for curves1, 2, 3, 4is 5 pieces
and for curves1', 27, 3", 4" is 3 pieces.
The figure shows that the time
of formation of the maximum
number of critical nuclei is very
small (~107° s) and the influence of
the energy parameters, including
substrate temperature is strong.
The dependence that defines the
relationship between substrate tem-
perature and the activation energy of
desorption of adsorbed atoms is cal-
culated for the speeds of copper depo-
sition on silicon substrate of 10 kg/
m?s and 10 kg/m?s. It was found
that at a higher deposition rate (10
kg/m?s), the substrate temperature
lower by about 100-200 K is enough
for the formation of the maximum
number of nuclei of critical size.

CONCLUSION
Theoretical studies have shown that
at a higher deposition rate, lower

KOHTPOJIb HOBbIX TEXHO/IOTUH
B TBEPAOTE/IbHOU CBY D/IEKTPOHUKE
py3pos B.B., Konkosckuii F0.B., KoHueso# [0.A.

substrate temperature is sufficient for
the formation of the maximum num-
ber of nuclei of critical size. In further
itis planned to conduct experimental
studies of the growth of the ITF, using
the defined temperature range of the
substrate from 293 to 1273 K.

A review of the methods of form-
ing the ITF allows to draw a conclu-
sion that the most advantageous
from the point of view of the deter-
minant criterion (minimal size) is
molecular-beam epitaxy, which pro-
vides high reproducibility and other
advantages. But it is not industrial
technology and demands a lot of
time for implementation.

As acceptable methods in terms of
availability the thermal evaporation
and magnetron sputtering are cho-
sen. These technologies have a wide
range of modes and the possibility
of varying the structural elements
that will allow to achieve the desired
result in the formation of the ITF. W

M.: TEXHOCQEPA,
2016.-328 C.
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B KHure mpepcTaBneHo 0606WieHMe HAKOMEHHOMO OMbITA MO CO3ZAHMI0 METOZOB BXOAHOMO

11 TEXHOMOTMYECKOrO KOHTPOS MpY pa3paboTke 1 Npou3BOACTBE CBY TPaH3MCTOPOB HA OCHOBE LINPOKO30H-
HbIX MATEPUNIOB, B YACTHOCTY, TPAH3MUCTOPOB Ha reTepocTpykTypax Tuna AlGaN/GaN. PaccMOTpeHb! CUCTEMbI
OTEYECTBEHHbIX 1 3pyBEXHbIX CTAHAAPTOB, HA OCHOBE KOTOPbIX MPOBOAATCA pa3paboTku CBY TpaH3MCTOPOB.
MoapobHO onMcaHb! GU3nHeckue OCHOBLI reTepoCTPYKTYP, ONUCHLI CBOMCTBA LUMPOKO30HHbIX MOAYNPOBOAHU-
KOB, MeTOAbl M3roToB/ieHns CBY TpaH3MCTOpoB. JIeTa/lbHO aHa/I3UPYETCA TEXHOMOT S MPOM3BOACTBA TPaH3n-

CTOPOB C Y4ETOM UMEIOLLIEroCs OMbITa UX PeIbHOr0 WU3roTOB/EHMS. PACCMOTPEHbI NeKTpUyeckve, OnTu4eckue,
PEHTTEHOBCKVE, JMeKTPOHHO-MUKPOCKOMMYECKVE 1 aHAIUTIYECKIE METOAI, KOTOPbIE MPUMEHSIOTCS MW BXOA-
HOM 1 TEXHOMOrMYECKOM METOAAX KOHTPOAS. PaccMoTpeH ombiT co3aaHns B OAO "HIMM “Mynbcap” CBY TpaHau-
€TopoB 1 CBY 6710K0B Ha WX OCHOBE.

KHura bygeT nonesHa CrieuvanvcTam B 061acTu 3NeKTpOHUKM, UCCIeRoBaTeNsM, MHXeHepam-NpaKkTUkam
11 pa3paboTymMKam paauo3NeKTPOHHOM annaparypbl.
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