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I.BT,3JIOIKI4TEJI.

I4HCTI4TyT IIO OI43I.1KA HA TBbPAOTO Ttno -EAH, BbmAPlzt

II. MflCTO HA II3IIT'JIHEHI4E.

IIHCTI4TYT IIO OII3IIKA IIA TBT'PAOTO T-IJIO -BAH, B:bJIfAPI4t

ilI. CPOK HA II3IIT'JIHEHIIE

Kpainuxr cpoK 3a r.r3rrsJrHorr{e Ha HacrortqaTa o6qecTBeHa IIOpsIIKa e I Meceqa, cneA

rroArrr4cBaHe Ha AofoBopa. cpQrlr sa rBrr6iIHeHLIe Ha IIOpI,q(aTa BKJIIOqBa: AOCTaBKa,

Mor{rax, B6Be}r(Aar{e B gKCn-lloaTarlur, o6y{eHue Ha cIIeqI{aJIl4cTLI Ha BAH fi fipeAaBal{e

Ha IItJIaTa AOKIMeHTa{l4t Ha Bb3JIO)nr4TeJrt'

IV. OFUIAI4HOOPMAIIMfl

flpe4lreTrr ua nacTorrqara o6rqecrBeHa rropbqKa BKIIO.IBa "AOCTaBKa, MOIrTaj( Ii B6BeXAaHe

B eKorrnoaTaqr4r Ha anapurypa sa ornarase Ha IIasocJIoeBe)) 3a I4Hc"tI4Ty"fa no (bII3I'rKa Ha

TBlbpAoro rtno-EAH.
3ay:recuerrileBAoK}MeHTaII[frTa<NIap ypa3aoTJIafaHeHaHaHocJIoeBe>lqeceI,I3tII4cBa

(cIrcTeMaTa).

v. OFIIIU I43I4CKBAHLIS KbM AIIAPATyPATA 3A OTJTA|AHE HA

HAHOCJIOEBE.

1. IlpeAnasua'reur're Ha clrcreMara

Cucr:erua 3a "aroMgo-groiino ornararre" - atomiq layer deposition (ALD), roxro ue ce

I43IIon3Ba3aoTJIaIaHeHaT6HI(IIcJIoeBeoTMeTaJIIII4oKcI{AI4,MoTaJIHIIH'ITp|IA|4'I,IApy|[
rroKpr.rrr4, Bbpxy pa3nr.rrrHu tsIIAOBe noAJroxK[ (cuJlixlueBu nJIaCTIIHII AO 6-8 uHqa, no-MaJIKI{

no ia:uep ttoaoo*u" n 3D npo6u (npo6ra c pene$) 3a Hynq4llre I{a rpoeKr INERA' ALD

npegcrannxea MoAzSr4uI'IpaH flpoqec Ha xIlMI4qHo orJlaraHe or ra3oBa Qasa' n xofiro

II'nocTHaTaxMuIIHapeaKIII'cec6cTolloTABecT6nKi4,npeAcTaBJI,IBaIII{ABe
IrocJIe,4oBaTeJIHII rr CaMOOfpaHI{qaBarqII ce peaKII[[. BUec:ro Aa IIMa HeIIpeKAcHaT IIOTOK OT

IIpeKypcopHII napu, IBa \4JIII nOBerIg npeK)?cOpII Ce BKapBaT B peaKTOpIIaTa KaI\'{epa Ha

orAenHrr lrMrlyncu, orAeneHrl OT rlpoqlrcrBarre I{ roBa ce Hapl4qa ALD qzrun' B o6IJIrtr

clyraii, e4llrr qI4KBn ce clbcTol{ oT [IpeK}pcopHa Ao3a' Kosro Hali.qecro e MeTan-cGAbp}KaII

fipeKypcop t4. clbBMecTHa Aosa,'or peal'eHT' ocIar]psBa]Il BropIIt. KoMIIoHeHT Ha MaTepIIaJIa

(rucnopo4 3a MeraJIHIr oKcIrAIr Itnrl a3or 3a MoTaJIHI'I nlrrprz4u)' IIo rosa Ha'rllH

rrpeK)?coplrre ocraBar pa3AeneHI4 rlo BpeMe Ha orJraraHero' Tar<a ce HaMaJUIBa

Br3Moxnocrra 3a XIrMI'IqHI.I pearuIlru Me)Iq.4y peareHTlrre B ra3oBa $a:a u clorneruo ce

IIOCTI4|a XOMOIeHHOCT II CTgxuoMeTp[qHocT Ha oTJIOXeHI4Te CJIOeBe. TOSIZ npoqec [o3BoJItBa

trpeqll:eu KoHTpoJI Ira aroMlro Hr{Bo Ha 4e6enzuara Ha ornaraHl4q c"'ro[' ctorBerHo

rlocrr{raHe Ha 
" 
Mgofo 4o6pa pasuoirrepHocr, xoMoreHHocr I{ AaBa B:b3Mo)ItHocr 3a

1784, rp. Co$ua , Bu.irraPun,
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Tpvpa3Mepuo floApex(Aarre Ha cJroxlrr4 HaI{ocrpyKT)?H11 noBt,pxnocrl{' Ilognortsa Hucxa

TeMnopaTlpa Ha oTJIaIaEe r'I II3TIOJBBaHo Ha rryBcTBI4TeJIHI',I IIO'4JIO){{Kn'

vI. I{3I,ICKBAHI4T{ KbM TEXHLIqECKATA CIIEIII4@UKAIItrIfl, CBOfrCTBA

I{ KAIIECTBA HA CI,ICTEMATA 3A AToMHo-CJIofrHo OTJIAIAHE (ALD)

1. Brs}-{oxHocr 3a oTJIaIaHe IIa T6HKI{ CJIOEBE OT METAJIHII OKCI{AII' HIITPIIAI{ I{ METAJIII.

2. .{na pexuua Ha pabora - TepMrrqeH rr nJra3MeH MoA'

2.1. 3a n:ra:ueHl,Lf, MoA, Bctrq(o Aa 6lge uurerpupaHo B eAHa

(nrclo.urerno Br4coKoqocroreu reHeparop' peaKTopua KaMepa, r4

KOMIIAXTHA CI{CTCMA

ncuvxu neo6xoAnl,tz

rlacTr4).

2.2. ALD cl{creMara Aa Moxe Aa ofiepupa 14 B TepMIrqeH rl [ra3Meu peNuu 6e: 4a ca

neo6xo,4Irt.tu :navr4T eItrr4 1r TpyaoeMKI'I [pOMeHr{'

3. I{:lrcrnannq KbM Peartropa
3.1. .[a urra B63MoxHocr Aa ce rrogtp]I{a reMrlepar}?ara Ha npoqeca B pearTopa - or

crarlua reMleparypa MrrHIiMyM 18.i C Ab 400oC'

3.2. Peaxropnara KaMepa Aa rIo3BoJItBa - orjlaraHe Ha cJroeBe Bbpxy noAno)K(]t c pa3Mep '4o

8 r Hqa.

3.3. Ha.fl.rEqre Ha rIoAaBaHe Ha IoTOIILITe oT npeK]?COp u peaKTI'IBHII ra3oBe TpsOBa Aa

BKJrIoqBar I{alpeqeH TIan noroqll ("cross flow type")'

3.4. Bcraqr<u creHl4 Ha pearTopuara KaMepa Aa Morar Aa ce HarptBar'

3.5. Pearcropnara KaMepa Aa e orAenI{a or BaK}TMHara KaMepa'

3.6. O6opyaeauero Aa BKrIorrBa 2 peaKTopnrr KaMepH :

- eAHa 3a eAIIHI{rIHa rrJIacTI'IHa C pasMeplr ,{o 6-8unqa'

- Bropa peaKropHa (aMepa 3a rpyla or rlJracrlluu lbatch) 
c Ar4aMerbp 6-8lrnqa

3.7. Peaxropnara KaMepa rpt6na pa rro3BoJltBa 6:spso ia JIecHo [OqIICTBaIIe OT HaCJIOeHUTe

MaTepLIaJrH.

3.8. Pearcropa aa e c BoAHo oxJlrDK'4axe - 3a MaKcIlMaJIHa 6egonacuocr'

4. Banlyuna KaMepa - KoMrIJreKToBaHe'

4.1. BarlTvsara KaMepa Aa e orAenHa or peaKTopa'

4.2. Pearcropuara KaMepa 3a eAr4r{Iiqua nJracrl{Ha Aa ce pa3noJrara B:brpe 868 Ba'KyyMHara

KaMepa LI Aa IrMa BlrcoqlrHa or 3 4o 6 lru sa c:rylas Ha KaMepa 3a eAI4HI'Ir{Ha rrJracrlrHa'

5. Br,cMoxnocr 3a IroJBBar{e Ha pa3rlrtlurl rrpeKypcoprr - TeqHrr' TBl'p'uu u rasoo6pasnu'

5.1. Cracreuara aa e cHa6AeHa c ufJloro ueo6xo4uuo o6opy4naue, flepKycopnn KoHTeiigepu

14 KJranaHu (rcov n ror-spHo r<onrponrpan u)

5.2.Kourefiuepr.rre 3a reqHl{ npex}?cop\'t, Kolrro He ce HyxAaJIr or 3ar-ptBar{e' Aa rlo3BoJlsBar

KOHTpOJT Ha TeMrleparypaTa qp93 BO.4HO OXJIaXAaITe'

5.3. Kourefinepure 3a reqHlr npeKypcopu Aa ca or I{epr'n(4aeMa croMar{a c o6eM MuHuMyM

or 200 tr.rri.

5.4. Ilu:auv:.rrc r{a reqlrlrre npeK}pcopr4 rpx6na ga rlo3BoJrtBar 3(rpu) pa::rtl'lun pexl{Ma r{a

IIOTOIII{TE:

- Hopva:ren peNuu (6e: r:ocerq ra:).
- PeNrnr c Hocelq ra3,

1784, rp. Cotfur , Br,rraPnn'
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- flpexr,cnar pexm,r.
5.5. Teweparyprr Ha 3afp.f,BaEe Ha KoHTeftHepriTe Ao 300oc c6c c'6orBerHl4ro MepKIt 3a

6etonacHocr.
5.6. I4SXIIO-IBAHE HA 3AM5PC,f,BAXE II B63MOXHII KOHAEH3AIIIII4 qPE3 CI4CTEMI{ OT BTsBPATHII

Krrafiar1r!. B:ssN{oNHoCr 3a rroAAspxaHe Ha uo-BIICOKII TeMnepaTypII Ha IlpeKypcopHl{re

nr{Hr{r{ oT rlaplrJe Ira flpeKypcoplrTe.

5.'7. Cyrssata sa rconreftneplfie c npeKlpcopr{Te ,qa cTaBa no AocTr,nel{ I4 cl4r)4)eH HarIIlH'

5.8. Koureiinepure c rrpeKlpcopure Aa ca reMrreparlpno cr:a6ulu3lrpaHr{'

6. Il.ra:iueu ruoA na ALD cltcreMara.
6.1. Cucreuara aa Ir3rroJBBa KanaqlirlrBgo cBbp3aHa nna3Ma (capacitive coupled plasma,

(ccp).

7. Ilperypcopun H ra3oBrr JrrrHurr - Bb3MoxHocT go 16 npeKypcopHl,l JIIIHIIII (3a TBT,pAu

BetrIecTBar TeqHocTIl rr fa3oBe.l

7 .1. Cucrewara sa npeKypcopr4 Aa BKnrorIBa:

- uoue 4:rIrHIrI4 3a reqHn npeKypcopu,

- oEe 3 mnnu za rnrp$lr rrpeKypcopn (narp$ar:e 4o 200-300' C),

- rlone 3 rasoel4 npeK)?copHlr Jrt4ulrrr

7.2. feneparop :a o:on
7.2.7. Bcu'txu ueo6xoAuutt AoIIsJIHeHILf, KbM renepaTopa II BKapBaIIero Ha O3oHa KEM

CI'ICTEMATA

7.3. fasoefi:rnruu (sa ra3oBe KaTo N2, Ar, 02, H2 etc.), t4 Bq1IqKI4 neo6xo4ulru KJIanaHII II

KOIITDOJIEPII.

8. Cnopocr na qI{KJrItre
8.1. CzcrelraT a Aa ocrrryp.rBa 6r'p3l4

rrr,Jren ulrK:t Jr or 4 crunru.
BpeMeHa Ha IIITKJIITTe - He rloBeqe or 5 cer<1'nAu sa

8.2. Baryryrralrnre Iz HarpeBarerHlr cr4creMlr Aa

npeKypcop u BpeMeTo Ha eAr{H uIrKsJI'

MITHTTMI{3I4par Korl4rrecTBoTo I'I3TIOJBBar-I

VII. II3IICKBAHI4fl KT'M EE3OIIACHOCTTA U IIOAAPbXTKA HA

o6oPyABAHETO.

1. Cncreuara rpx'ya 4a r4Ma 3atqnTeH MOAyn 3a CTTeIIIHO CIIfipaHe 3a,4a IIpe,qoTBpaTI4 pr4cK

OT IIOBPEAA IINE IIHIIIIAEHT.

2. la 6t gar Kou$llf)prpaull no {cuf}prBaIrlrr BITpoIIIHII KJIaIIaHLI 3a Aa Ce MI{HIIMII3IIpa

plrcKa 3a oflepaTopa a Aace llg6erne onacHo eKcnoHl4paHe'

3. Jlecua nogp:sxKa It floqlicrBarre Ha cllcreMara.

vilt. I43I{CKBAHltfl Kl'M KOHTPO.T-IkIPAHE HA IIPOUECA tlA oT.r-IAfAttE.

1. Korrlnrorup u/unu xourponuo ycrpoiicrno c BCVqKIIT9 HeO6XOAfiMI{ JII4IIeII3I.I. cOsryep:a
KorrTpon u ynpasneHrre Ha rlpouecIrT9.

1.1. Co$ryep Aa no3BonrBa KoHTpon II ylpaBneHrre Ha aBara pexIIMa: IIJIa3MeH U TepMItqeH.

Konrpomr Aa BKJ OqBa: TexHoro 4rrH{ napaMeTpll Ha oTJIa.raHeTo, TeMIIepaT}p[ Ha

1784, rp. Cotpnn , Br,rrapnn'
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npeltypcopl-rre Ir Apyfu' la e nt'/la cra6u.trHocr Ir cufypHocT Ha KoHTpoJrrrpaHeTo, KoeTo aa

mpal{Tnpa 6e3orlacHocT Ha orlepaTopa I4 Ha OoOpyABaHeTO'

IX. I43I,ICKBAHI{'I KbM I,IHCTAJII{PAHE, OEYTTEHI'IE I4 PAEOTA HA ALD

CIICTEMATA.

1. 3aAr,lNenue 3a rrpeAocTaBrHe Ua gerarilna ltr:tfopuaqzx 3a I43I,ICKBaHI4'Ta K6M:

rroMetqeHr4e, 3axpaHBaHe u Ap., oTHacsq{ ce Ao IIHCTajIUpaHeTo Ha o6opyABaHero. BctKo

oTKJrOHeHIre oT IIpeABapr{TeJEO npeAcTaseHllre cneqlltf lrraqulr' Koero Moxe Aa AoBeAe Ao

npeycrpoftcrno rqe 6tAe 3a cMerKa Ha AocraBqIIKa'

2.]yluq;1atupatteTo Ea cIIcTeMaTa Aa BKJIIqTIBa IIpoBeEqaEeTO Ha eKSII9pI4M9HTaJIIIII TecrOBe 14

OTJIaIaHe Ea MeTaiIHO OKCLIAHI{ CnOeBe, [pOBepKa Ha BCI{TIKII AeTAiInfi II TTXHOTO IIpaBI'IIHO

$1'uxuuouupane Iz ctorBerHo perynupaHe.

i. oaraypr"*" Ha IzHcrp)'KIIvu ua anrrtllftcxu e3t4K 3a r{3rloJl3Bane u pa6ora c anaparypara,

p6KOBO,4CTBa 3a nOMpt')I(a r4 qtJIocTHa AoKyMeHTaIIIi'{ Ha Ct'ICTeMara'

4- [a ce flpoBeAe o6yrenue Ha noHe Tpr4Ma crrequa,rll4cTl4 B M'CTOTO Ha AOcraBKa, KaTo ce

rrpeAcraBr4 rlporpaMa ua o6yreuue c I'I3I{cKBaHI4tra sa $ynnquoullpaHe Ha cr4creMara 3a

oTJraraue Ha TtHKrr CJrOeBg 11 3a noA,qpbll(Ka Ha anaparypara'o

6yveurze:ro Aa e MlrHItMyM 3 re]F]a, za Koero ce li3Aaae AoKIM9HT 3a 3aB6pIIreH Kypc Ha

o6yrenue.
5. ,{a ce npoAocraBsr AeKnapaqulr Ha csorBercrBl4e Ha BcIrqKIr '4ocraBeHrr npu6optl c

o4o6pat" cian4aprtl (or npousno,4ureJlt, aKo y-qacrHlrKbr e cair'ro gocran'nax )

6. ,4a ce npe.4ocralrr utJrocrno onI{caEI'Ie Ira AocraBeHoro o6opyAnaHe'

X. IAPAIIIIIOHEH CPOK HA CIICTEMATA

1. fapanqzonnl{tr cpoK Ha cr{crerlrara rpx6na ga 6s4e- uranuuylr'r I rogr'rua'

2. B parrarzre Ha npeAnoxeHfir fapaHr]rroHeH CpOX, zsnlmrr.rrentT LI3B6pmBa 6e3IIIaTHO

orcrpaHtBa.He Ha BcI4qKIl 4e$erru, lpotBelrr4 B rapaEIIIroHHIrt neplroA, rlplrApyxeHr'I

c KoHcynrarln.s LI BbBe)ItAaHe B eKcnJloaraIlut cneA peMoHT' B CpOK, OnpeAenelr or

B:sg.noxute:rq.
3. 3aAsrNenr,re 3a cngArapafiquonno o6cnyxnaue MI4HITM)'I'I 5 roAunu'

XI. TPI4EMAHE-TIPEAABAHE HA |OTOBATA CI{CTEMA:

1 .I4:ns:rnvren.{T irpeAaBa, a Bb3roxl'lTentr npl{eMa r{3B6pttrenara paoora c [pIIeMo-

IIpeAaBaTOneH npoToKon, cT,nGTcTBZiH OT IIpOTOKOJIflTe 34 III3ITIITAIJUA Ha CI4CTeMaTa.

llpuellarelen. recr: tr4setprnaa ce [pneMareJTeH Tecr IIa cIICreMaTa, KO'TO ]4Ma 3a qen Aa

BT,BeAe B eKCflnOaTaIIII.f, AOCTaBeHaTa CIICT9Ma' IIpu nOKa3aTeJI]I:

1784, rp. Cor[ul 
' 
BuraPun'

Cnofi AlzOg

llperypcopu TMA,H2O
flo4roxr<a 1 00 rr.rrrr cr.uuuraeBa rlJlacrl{rra
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1. tr4:ntpurear ce eJrlrncoMerpltqHu I'BMepBaHEs B 9 ro'rKl4 (osnavenu c qepBeHr-r

KD:brqera) c:E rnacHo cxeMaTa, 3a AoKa3BarIe Ea paBr{oMepHocTTa Ha [oKpl4Tlrero:

(Dopuyra :a u:uIrcJIeHIre Ha oTKJIoHeHI'Iero e 4e6e:ruuara (d) na c:rox:

Ad=(d"un" - d""')/(d"un" + d""")

XII. OEYIIEHI/IE HA C TIEIII,IAJII,ICTI,I

!a ce npone4e o6yuenue Ha noue rprrMa cnequanlrcrrr Ha I4OTT - BAH n Mscroro Ha

AocTaBKa,KaTocenpeAcTa"BI'Ilpofpal\4arrao6yleuuecII3ucKBaHI4'satpyur<quoullpaHe}Ia.
crrgTeMara 3a oTJIaIaHe Ha HaHocJIOeBe n 3a fiogpr)KKa Ha anapaTypaTa' O6yvenuero '4a e

MTIHLIMW 3 pa6orull aHl.l.

l4:n:s:rurnenxr4arrpeAocraBl{AoK}MeHTI{Hanlruara3ayclerrrHo3as6pllreHoo6yvenr're'

XIII. MflCTO HA I43IIT'JIHEHI'IE

Peny6:ruxa Er':rraPul,
NHCTUTYT TIO OI43I{KA HA TB:bPAOTO T-SJIO-EAH, B:bJI|API{'I

fp.Co{ur, 6y:r." Ilaplrrpaacno uroce" J''{! 72'

Yuacrnlrqu, npeAnoxunlr Texgu'recr<o npeAJlox(enrle' Hg ctAt'pxaqo nocoqeHvre rlo-rope

AaHHLI, KaKTO I{ [peAnoxeH4e, KOeTO He oTroBaps Ha fi3rrcKBaIrrrtTa' rlocoqeH]{ B

'l exgllqecrcoto gaIiarltle I4 MeToAuKaTa 3a ollpeAentHe Ha KoMIIJIeKCHaTa OIIeH(a rqe 6tAar

OTCTPAHEHII OT )^{ACTIIE B NPOIIEAYPATA.

1784, rp. CoSun , Br'lraPun,

ne6e,'rusa ua c:ros

Boelte ga nsleH 4-crr'nron qlrx:s:r

80-100 nm
<5s

Hepanuoonepnocr Ha rq4pgr4g o--(Ad rr4 rrre4 <+70


