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S.lerrponuxa u aBToMar[Ka, un{opuaquonubre rexHoJrorfifi u unt[opuaqnounan
oe3onacflocrb

B6r3brBaror AonroBpeMeunyro penarcaqurc rporonponognuocru H BbrcoKoft
(porovyncrnurerbq(rcTu x Bo3AeficrBr,rrc BHemHero ocBerqeq[r. flpe4loxennoe aBropaMr{
ooatcHeHlle EccneAyeMoro flpoqecca" flpoTeKaroqero
o66ffcrrer ncefi uy6r.rurr flpoucxoArrrylx .f;srerMf,
uy6laraqnex.

TeU ne rr,renee gKC[epUMeHTanbIIO yCTaHOBneHHOe aBTOp:Mr,r CJmIeCTBeHHOe BII,ICHI.Ie
s<pQerra flelrrre Ha pocr BElqeJueMoro renJra I{, coorBerc-TBeHHo, TeMrreparypbr Ha
fpaurvue pa3Aena MexAy MqSir u SicMn> u,teer Mecro npu l0-" A fi Mensulrx 3uaqeHr,rrx
IIpOTeKarOUIero sneKTpl{qecKoro ToKa rrepe3 tpaHllqy pa3aena.
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CTPYRTYPA I,I CBOfrCTBA TOHKI{X HAHOPA3MEPHbIX IIJIEHOK COSiZ,
rIOJIYIIEHHbIX HA IIOBEPXHOCTI,I KPEMHlIfl, T]PII MOTEKYT.fl PHO-

TYIIEBOft 9III{TAKCI{fi ATOMOB CO U Si

A.C.Puc6aen, ?(.E.Xyxaxunror, A.M.Paxnuoa, P.(D.Oafiryl.naen,
ll.P.Eercrry.naroo, 3.A.Puc6aena (TarufTY)

B cmamae nemodauu snexmponnott cneKmpocKonuu u duepaxquu uedteaawx
eneKmpoHoE uccnedoean npo4ecc Qopnupoeanua moHKux HaHop&utlepnaa wdnox cosi2.
Pocm tadHoK ocwecrneneu uemodor4 MoreKyntpuo-nyqeeofi onumsKcuu IuIIIg e
csepxgbrcoKo.tt4 6aKWMe, morulu,-ta rueHoK cocmasnnem 5-20 uu. onpedeaeuat onfnu .anbHue
mexHorozueecKue pe cutvtbr MJI3 dan Qopuupoeantu coEeputeHHdx ruinox cunuquda
xo6atama. vcmauoeneuo, qmo s prynbmame ocascdentn amoMoe co u si na r,oeeDxuocmu
Si(l l1) mott4unofi 30-504 u nocnedyot4eu ,po?t": _np:. !00 K o1pasyemcn

ou CoSi2/Si(lII)-2x2. A 6 cnyvae
l00A u nocnedwt4ezo npoepeea npu

Siz/S(j,00)-2x4.
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TourATy Xadapnapn N 3 / 2013 fi. Becrsux TaurfTV

- Ma4onada gneKmpoH cneKmpocnonut Ba KurluK jJteK cu ycy14qpu
6utan nntga uauoinuaunu CoSi2 na€nxanapHu +ocun Tuluu llndnxaLtao' Kyntp-Hypnu onumaKaw (MHO) ycynu 6uin

4onuHnu?u 5-20 un. 
^4yKCt 

Mar r<o6atam cuLtu4ud

o3acuzd Co aa si o ?ry.o1:..30 5;;"i;::K#-;:;Wi;;'T*i:r:;f;!,
rlus.dupunzaudau xedun CoSi2/Si(] I I)-2x2 my3wuunu CoSiz uouorcpur^*n' '*2r*o*
onundu' si(100) n3acuza lo ea si am urapu I00A 4a,tuntuxda'y'cmuputrui 950 K
lapopamoa 4uzduputzauda CoSiz/Si(l00)-2x4 mysunuuutu CoSi2 r4oHokpucma,rn tuEHKacu
onuudu.

In the arlicle methods of ns
process offormation of thin nanodi
carried out to methods of a molec ;

o,J

with thinkness I00A and fo owing warming a
2x! structure.

Knnqeeorc anoed: HaHopd3rtepHde ,uteHKu, no&epxHocmb, JtioneKynspHo _ rxyuesa,
3numaKcun, duQpax4un, oneKmpoHbr, cneKmpocKon r, cunu4ud, *pirrirl, *o6r,o*,
BaKaHcun, uoden4 ceepxcmpyrcmypa.

, floe6rueHHrrfi uurepec K r,ccJreAoBaHr,rc ToH(rrx HaHopa3Mep'brx n.neuox coSi2,
c$opuNponaHuux Ha noBepx'ocrr4 MoHoKp'cra,rnon Si(l1l) 14 Si(100), o6ycooeneu, 

"o_nepBr,IX; ux xopouefi coBMecT'MOCrbro - rocTorHHLIe peureTKr4 U r<ooo@uqr,eur'
reMneparyp'ofo pac'''peH'.fi Si a coSiz rrpaKTHqecKH coBrraAaror; Bo-BropHX, rureHKq
coSi2 uveror HH3KOe yaenbHoe conporr.rB-rre'r,e, B'rcoKyro repuocra6u*uocrr, croixoc.r.r x
arpeccr.rBHbrM r.r oKrrcn'Ten'H'rM cpeaaM r,r, B rper6r.rx, cucreua CoSi2 Si(l I t) r,veer6orrrulro [epcleKTLIBy I.{cnoJIb3oBaHI4, B KaqecrBe Marepr.IaJra .q,!.s Lr3roroBreHu,

euoi 6azauu, a raKxe AereKTopoB
li-41.

oAoM MoneftynspHo _ lyueeofi snvraKcrru
l) u Si (100) o crangaprnofi ycrauoBKe rr.rna

rexHoirofuqecr(arr cr4creMa Monekyn'pHo-nyr.rffiTJ;ifl"#?ff*;Ttffi:Tffi#tr
l0-8 fla, npe4naeHaqeHHzur r,rr 3rr'TaKc'aJr'Horo Bbrpa,,l'BaHrr.{ ToHKr,rx nr,reHo* KpeMHHs,
cvrM\HEa xo6altra, apceHr.r.qa raJr,Hs, u Qropuaa Karhrlu.f, B ear.rHoM BaKyyMHoM ur.rKne.BosN{oxuocr}' soplrrporaulrr MnorocrofiHrx crpyKryp pa3'Lrx Marepr,raJroB B eAri}roM
BAKYYMHOM IIAKJIE CO3AAET IPCANOC'UIKI,I ANg CO3AAHH' s'IHTAKCH.I.JIbH'IX TCTEPOCTPYKTYP CB'ICOKT4M KpI'ICTaJIJII{qe.KHM COBepIIreHcrBoM I.I qpe3BbIqafiHo g^:xzl.t 

"oAap*u""""HHopoAHr,rx npr4Mecefi .

Kpucra:r;ruvecroe coBepIIIeHcrBo Irne'oK aBTopaMH KoHTponHpoBanoch Mero.qaMLIgr.r(bpaxuun 6rrcrpux r4 MeAJreHHbtx sneKrpoHoB ({83 u 4Me;. Cocran , ,n.nrpJ"*
cTpyKTypa nleuor CoSi2 KoHTponllpoBanl{cb MeToIaMH 3neKTpoHHora oxe-crreKTpocKonHH(3oc) ra soroorerrpoHnofi 

-cnexrpocrconuu. 
Brua [prMeHeHa cneayroqa,r rex'onora,nonyqe'ur [reHor(: npa MJI3 volery:rrpHbre floroKr.r Co z Si ognonp"""rrno o"u^g''ra"Ha r{ucr),'o noBepxHocrb si (100) r Si (111) B cBepxBbrcoKoBaKyyM'brx ycrroBr{qx.
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3,rerrpouurca r{ aBToMaruKa, [Hr}opMaunoHHbre rexnoJroruu u unt[opmaqnouuax
oe30IIacHocTb

Cootttouenlre r.rHTeHcHBHocrn rroroKoB Si u Co Bo Bcex cnf{acx cocranrsro 2:1.
flocrosuctno noroKoB Si r,r Co s npoqecce pocra [neHoK o6eclequsanoc.b flyreM KoHrpons
KoJrrrqecrBa ocaxleHHofo Beu-IecrBa c noMoulbro KBaprleBbrx AarqI.IKoB. Ctcopocrs pocra
HaHocllMoro noKpbrrur n3MeHrJracb B r{rrrepBane Yr-5-2 Nc, a reMrreparypa pocra nneHoK

6u.:ra r guanaaoue Tp =800-1000 K.
Pe:y.nrraru KonTponr rexnoJrorrru noryrleHnr IrJreHoK cBe.qeHrr s ra6r.1. 14: ra6n.l

BI.I.qHo, qro ar-fl MI3 TexHorrorrru nreuox CoSiz/Si(100) xaparrepHlr cneAyroulue
3aKOHOMepHOCTTT:

Ta6,ruua I
Xaparrepncruxn MJI3 - rrrreHoK CoSiz ua nonepxuocru Si(100)

flogroxxa CoSi: Vo: A.i c To, K AB3,P3M o3c
K30 - 4,5 30 2 850-900 c.Oac., Hep. n. o.c; H.c.

K30 - 4,5 60 2 850-900 c.Qac., Hep. n. o.c; H.c.

K3(D - 4,5 120 2 850-900 Qac., cc., u. n. o.r.
K30 - 4,5 200 2 850-900 u.Qac., n.cc., u.n. o.II.

K30 - 4,5 60 0,5-1 850-900 rfac., H.cc. o.r.
K30 4\ 100 0,5 850-900 u.tf ac., u.cc., u.n. o.Il.

K30 45 20 I 900- 1000 rbac. O.II.

K30 45 100 0,5-1 900- 1000 u.$., n. cc. o.rI.

zde c.Qac.- ctttuuoe Qacemupoeauue, Hep.n.- HepoBHatt noaepxHocmb, zn.n. -
zmdxan noaepxHocmb, cc - clepxcmpyKmypa, H.cc. - Hem csepxcmpyKmypbt, o.c. -
ocmpo+Kolan cmpyKmypa, u.c. - ueoduopoduaii cocmae, o.n. - oduopoduan nosepxHocmb.

- rre3aBHcHMo or TeMlepaTypbr rroAJroxKr.r Tp u cKopocra Bbrpaqr{BaHur Vo pocr
nnenxn CoSi2/Si(l00) go roJlrllrH 0525-30 A nporrcxo4ur HepaBHoMepHo H HMeer Mecro

Saceruponanr.re. flpr cpaBHr.rrenbHo BbrcoKrrx reMrrepar)?ax (Tp:900+1000 K)
Saceruponaune cyulecrBeHno MeHbrxe;

- Ha rroBepxHocrr4 rrJreuoK c roluluuofi e S (100+120) A, aurpauleuurx npn
cpaBHHreJrbHo 6o:nulrx cKopocrrx (Vo>1 Nc), ua6lroaalocr o6pa3oBaHue
cBepxcrpyKrypHbrx rrepecrpoeK runa (2 x n);

- [JreHKr4 CoSi2 c ron[{HsavN 0 > 30 A, gHpaulesHLre c MeHbrrrr.rMx cKopocrsMr.{
(Vo<l fuc), He r.rMeJrr.r nonepxuocruofi peKoHcrpyKrlnft (uer cnepxcrpyrrypu) npr.r arc6lx
reMfieparypax pocra;

- Bce rrreuKr.r CoSiz(100) c e > 50-60 A, ro,ryvennue npra Tp>900 K, o6la4a,ru
coBeprlreHuof Kpr.rcrannuqec(oi crpyxrypofi, uaArofi rroBepxHocrrro lt oAHopoAHbrM
cocTaBoM.

Taxuu o6pa:on, onruMalrsHrrM TexHoJrorHqecKr{M pexr,tMoM nonyqeHr.it
coBeprrreuur,rx nlerrox CoSi2 c (0>50 A,1 .roarercr pexr,IM oruocr,rrelrbuo MeAnesHoro r4x
HaHeceHlr.f, (Vp<l fuc) Ha no.qnoxKy nprl Tp>900 K.
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ToruATY Xa6aprapn Ne 3 / 2013 fi. Becrnux Tarnllfy

Puc.l. Kapruuu AMO: A.lIr rncrofi norepxnogru Si (ll1) (a), Si, norcpurofi
n.nenrcofi aro*ror Co n Si ro.rqlnofi d = 1,0 uouoc.nor (6) u CoSi2/b i Oltl _ irZ,
roryqerHEre rocrre or'(Era npu T=900 K n.nenrn CoSi2 Ton|IlrHofi e=100 A (B)

Ocuosuofi uenbro [puMeHeHrrs MeroAa IMO r nacrorrqefi pa6ore 6uno
KarrecTBeHrroe onpeAeneHrle cocTo{Erry
r Si (111) Ha prunrrwrBrx eranax MJIO
Kaprr{H6r AM3 ary .ucrofi nonepxnocrr Si(
ny,reBoE grrfiTar(crru arouon Co u Si roluu,r
KpeMHr,rr, rroKpErToro coBMecTrro aToMtMr{
locneAyrouefo repMr.rqecKoro orxura npu T
xapaxrepna cryyKr,?a (lxl). Ocax4enue Si
cy[IecrBeHHoMy Hapyrrreuuro crpyrrypn (
ocna6.neHue nHTeHcr4 Bnocrr,r peQlercor u'
cBr3a'a c ocrpoBKOBO-3[ TaKCnarJrbH.rM XaparffepoM pocla [neHKu B Ha.{arbHofi craAHU.Haq,nHas c 0>30 A na6nro4aercr [orBJreHEe 6acerox, rrro fipHBoAHT K xapa*repr{oMy
cMeIIIeHr. o,qq0pax{r.roHuoi xapru
noKp6rrrrffx D60-70 A ruonocloen
cBuAeTenbcTByrotqnM o HaJII{quu 3Harrr.rTeJIbH
nor(plrroro nlemofi Co I Si roJrrqr,rH
cBepxcrp1Kryphr cosi2/si(l 1 l)-2x2 (puc.l, n). overr.r4no, .rro raKofi pexnM ocaxAeHr.r,
nneHKr.r CoSi2 rBnteTcr gau6olee onruMaJrBHbIM.

Pnc.2. Kaprnnu si
norcpurofi arouaun co ' 

v.'
roJryqeH'bre ,,oc.,,e orx( oo) - 2x4,

K (s)

Ha nonepxnocru oquuleuuoro ucxoAHoro Si(100) urue:racr crpyxrypa (lxl).Ilpone4enwe nocloftnoro ocaxAe'r,r, a.ro^.ros Co u Sr npr.rao4r.ulo K nocreneHfl(
l::f::1T_"p-"0rreKcoB n yBe iqe'rro r.rH.reHcrrB'ocn4 Qoua, navr.rnae c rorrrrrrrH 0r60'HI epMuqecKr.rfi fiporpeB npra T=900 K ue upuro4un * ,ror"n"urrro HoBBD( crp],rcyp.



Slerrponnra r{ aBToMaruKa, un{oprraquonutle rexnororrlrr u nnt[opnaaqnouuar
6egonacnoc.tr

O6pa:oeanue norofi cnepxcrpycryprr ua6mo4alroc6 nocJle fiporpeBa npu T=950 K MJI3
noxprnufi CoSi2 Tonrqr,rHoft e>I00 A. flpu 3roM Ha IIoBePXHocrI,I ycraHaBJrr,rBarracb

cBepxcrpyKrypa CoSiz/Si (100) - 2x4 (puc.2. a-n).

Tarcuu o6parorr.r, a pa6ore B[epBbre o6uapyxenr'I HoBBIe crpyKTypu CoSi2/Si(l 11) -
2x2 u CoSi2/S(100) - 2x4, no KoroprrM rrocrpoeHrl Moaenl{ npcMlx u o6paruux
aByMepHbD( PerrreTo(.

Ha so:r\,roxHocrr Bar(aHcr{oHuoro MexaHI,BMa o6parouarur aroMHrIX cBepxcrpyKTyp
Ha pa3nr.rqHblx oBepxHocrqx nonyupoBo.4Hrrr(oBblx Kpl{cTzrnnos si u Ge BlepBLre oTMeqeHo

n [5, 6]. B aarurefiureu 3ra roqKa speuur 6nra pa3Bura n prge pa6or [6, 7]. Couauro
BaKaHcr.roHHofi MoAeJrH aroMHas rroBepxHocrHajr crpyKTypa nonylpoBoAHHr(oBoro
Kpr,rcranna cra6urasupyercr nocpeacrBoM o6pasoaauar noBepxnocrHbrx eaxauc fi
6olluofi KonrleHTpaquu c nocreAyrouefi peopranuaaqueft s 6eHgoruHonoqo6urre luu
ueneo6pasnr,re aroMHbre rtoBepxHocrnbre cBepxcrpyKTypbI.

Ha6lro4aelryro oKcreplrMeHrarrbrr).ro cBepxcrpyxrypy CoSi2/Si (100) - 2x4 npu
Ee=50 sB MoxHo uHTepflperrrpoBarb c noMorIIEK) naxascuonsofi uogela arouHofi
crpyKrypbr, noxagaunofi ua pr.rc.3. B npunegeuuofi uo4eru (pr.rc.3) arourr Si He cMerrleHbr
orHocr.rrerbHo peryn.rrpurrx no:roxenafi aroMoB Si B noA:roxKe, a aroMbl Co cveuenu n

HalpaBneHr,rlr (01L). Crenenr rroKpbrrr,rr aroMaMrr Co u Si cocraBlrrer d:0,88. B ocuony
4annoii aroruHofi crpyKrypbr rroJroxeHa MoAerb clapeHnbrx aroMoB.

Ha puc.4. fipr.rBeAeua BaKaHcuoHHaJr MoAenr, crpyKrypu CoSiziSi(l 1l) - 2x2,
coorBercrByroqas xaprune ,{M3, noraganHofi ua puc-2. O6paroeauue rarofi
cBepxcrpyKTypbr aBTopaMr.r o6lccHqercs cneA)'rorrluM o6pa:ou. B pe:y,rrrare repMraqecKoro
orxura nneHKr,r CoSi2 npu T:900 K aroltrr Si r Co o6pa:y,ror y[oprAoqeHH]ro crpyKrypy
aHarrorrr.rHyro arounoi crpyKrype floA.]roxKrr Si (111) - 1xl. Ognaro Lta3a pa3nrlr.vfl
aroMHslx pa3MepoB Co u Si H ctrr cBr3r.r Mex,4y aroMaMrr Si-Si, Co-Si, Co-Co s n,leHre
o6pa:yercr perynqpHzur cerKa AeSer(ToB HecoorBercrBnr c coorBercrByroulr.tM HoHlrycoM,
oro6paxaer"rsnr Ha6:nogaeuoft cBepxcrpyKTypofi .

t [l$j

olel

+ 3/-"- --\I{" 6
YY

f?x4l

cE-
[11qi l412!

O - aror*lu Si

o - arovrr Co
Puc. 3. BaxancuoHHas MoAe!.rr! nonepxnocrnoft crpyxryp6r CoSi2/Si(f00) - 2x4

(a) n CoSi2 /Si(100)- ax2 (6)

-+fT
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a) O - arorlrrr Si 6)
o - arovst Co

Pnc.4. BaxancnouHas MoAer6 nonepxnocrnoft crpyrcrypbr CoSiz/Si(lll) _ 2x2

Taxulr o6pasov, B pe3yrrbrare MJI3 co r.r si na noBepxHocr' si (100) o6pasyerc.a
cBepxcrpyKrypa coSi2/Si (100) - 2x4, a B cnyqae MJI3 nnenrn cosi2 rorrlnHofi 30-qo A ua
noBepxHocrl.t Si (i 11) u rocneA)'ro IeM rporpeBe npr T=950 K o6pa:yercr cBepxcrpynypa
CoSi2iSi (111) - 2x2.
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