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ATIAPATYPA 3A OTJIATAHE HA HAHOCJIOEBE»
3A MHCTUTYTA T10 ®U3UKA HA TBBPJIOTO TAJIO-BAH



WUHCTHATYT IO ®U3AKA HA TBHPIOTO TAIO ,,EOPTH HA/DKAKOB“-BAH
6ya. "Ilapurpaacko moce" 72, 1784, rp. Codpus , bbarapus,

ITpoexrt: ,IlopHmagane HA KAMANATETA HA MucTuTyT no pU3MKA HA TBBPAOTO TS0 - BAH B
061acTTa HA MHOrO(QYHKIHOHAIHHATE HAHOCTPYKTYPH”
INERA 316309 FP7-REGPOT-2012-2013-1

LBB3JIOKUTEJL
MHCTUTYT IO ®U3UKA HA TBBHPJIOTO TAJIO -BAH, BbJIIAPUA

I1. MSICTO HA U3ITbJIHEHHE.
WUHCTUTYT I10 ®U3UKA HA TBBPIOTO TAJIO -bAH, BBJICAPHA

II1. CPOK HA W3IIbJTHEHHE.

KpalHuaT CpOK 33 H3NBJIHCHHE Ha HACTOAMIATa obIecTBeHa IOphYKa € 8 Mecena, Clell
mojmucRane Ha jorosopa. CpOKbT 3a M3NBIHCHHE HA MOPBUKATA BKIIOUBA: JOCTABKY,
MOHTaX, BBBEXKIAHE B €KCILIOATAIHsA, 00yUeHHE Ha CIEIMATUCTI Ha BAH u npenaBane
Ha [A71aTa JOKYMEHTAIHA Ha Bh3I0KHTENA.

IV. OBIIA HH®OPMAIIA

[IpeaMeTsT Ha HaCTOsIIATA obIIecTBEHA OpTLUKa BKIIFOYBa “JlocTaBKa, MOHTaK H BHBEK/IAHC
B eKCIUIOATAIMS Ha aapaTypa 3a OTjlaraHe Ha HaHOCIOCBE» 3d WuerutyTa 110 QU3HKA Ha
TBBp0TO Ts1o-BAH.

3a yiecHEHHe B JIOKYMEHTAIHATA «anaparypa 3a OTJIaraHe Ha HAHOCIOEBEY INE ce U3ITHCBA
«CHCTEMATa.

V. OBl HN3ACKBAHMA KbM AIIAPATYPATA 3A OTJATAHE HA
HAHOCJIOEBE.

1. TlpeanaznadeHHe HA CMCTEMAaTa

Cpcrema 3a "aTOMHO-ciOHHO ormarame” - atomic layer deposition (ALD), xosTo LIe ce
H3MOJ3BA 3@ OTJAraHe Ha THHKH CIOCBE OT METAIHH OKCHIH, METallHH HUTPHIM, H APYI'H
IOKPUTHS BHPXY PA3IMIHK BEAOBE IO/UIOMKKH (CHIMIMEBH ILTACTHHY JIO 6-8 wHYA, 10-MaJIKH
110 pasmep mommoxkh u 3D npobu (npobu ¢ pered) 3a myxmre Ha mpoext INERA. ALD
npe/CcTaBIBa MOAMQHUIMPaH NPOIeC Ha XUMHUYHO OTNAaraHe OT rasosa daza, B KOHTO
EIOCTHATA XMMHUHA pPEAKIMsi C€ CBCTOH OT JIBC CTBIKH, MPEICTABIABAMMA JBC
TOCIEIOBATEHH ¥ CAMOOTPAHMYABAIIN CE PEaKiui. BMeCTo Ja HMa HENPEKBCHAT HOTOK OT
[IPEKypCOPHM TIapyl, [Ba HJIM TOBEYe IPCKYPCOPH €€ BKapBaT B peaxropiara Kamepa Ha
OTJIETHE HMIIYICH, OTJEeNeHH OT MPOYHCTBAHE M TOBa CE Hapuda ALD npken. B obmusat
CIyyaii, eIUH IMKBI ¢ ChCTOH OT IPEKYPCOpHA 1033, KOATO Hai-4ecTo € MeTan-ChIbPIKaI]
[PEKypPCOp ¥ CHBMECTHA JI03d OT PEareHt, OCHIypsBalll, BTOPHA KOMIOHEHT Ha MarepHaia
(kWcmopoJ 3a MeTalHM OKCHIH HIM 30T 3a MCTaHH aatpuam). [lo To3W HaIHH
[IPEKyPCOPUTE OCTABAT PA3JIEJICHH IO BPEME HA OTIATAHETO. Taka ce HaMaaBa
BE3MOIKHOCTTA 33 XHMWUHH PEakIHH MeX/y PeareHTHTe B rasoea (asa W CHOTBCTHO €€
[IOCTHIa XOMOT@HHOCT H CTEXHOMETPHYHOCT Ha OTIIOKEHHTE CliogBe. To31 polec No3B0IIBa
mpenu3eH KOHTPOJN Ha ATOMHO HMBO Ha JeOenuHara Ha OTIaraHms CIIOH, CBOTBETHO
[HOCTHTaHe Ha  MHOro mo0pa paBHOMEPHOCT, XOMOTEHHOCT M JaBa BB3MOIKHOCT 32
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TPpHPAasMEPHO moapexaane Ha CIIOJKHH HAHOCTPYKTYPHH MNOBBPXHOCTH. TTo3pomaBa HHCKA
TeMIeparypa Ha oTjaraioc M W30/I3BAHE HA TYBCTBUTEIHH HOJITOKKH.

VI. I3UCKBAHHSI KbM TEXHHYECKATA CIIEIII/IU(I)I/IKAHI/IH, CBOMCTBA
N KAUECTBA HA CHCTEMATA 3A ATOMHO-CJOHHO OTJIAI'AHE (ALD)

1. BL3MOKHOCT 32 OTJIaraHe HA THHKH CJI0€BE 0T METAIHH OKCHIM, HHTPHIN H METATH,
2. JIsa pexxuma Ha paboTa - TepMHUYCH H IUIA3MEH MOJ.

71 3a mIa3MeHHs MOj, BCHYKO ma OBIe HHTErpHpaHO B €/lHa KOMIIAKTHa CHCTCMA
(BKJTIOUATEIIHO BHCOKOYECTOTEH IEHEPAaTop, PEAKTOPHA Kamepa, W BCHAKH HEOOXOIUMHU
YACTH).

2.2. ALD cucreMaTa jJa MOXe Ja OIEpUpa H B TEPMHYEH M ILIa3MEH PCIKHM be3 ma ca
HeOOXOIMMH 3HAYUTEIIHNA U TPYAOSMKH IIPOMEHH.

3. M3uckBaHus KBM peakTopa

3.1. la uMa BH3MOXKHOCT Jia CE€ TOJ(bpka TEMIIEparypara Ha IpOILEca B Peakropa - OF
craitna Temmeparypa muauMym 18° C mo 400°C.

3.2. PeakTopHaTa Kamepa Ja II03BOJISIBA - OTIAraHe Ha CNIOEBE BPXY MOIONKH ¢ pasMep 10
8 MHYa.

3.3. Haymawure HA MOJABANE Ha MOTOLUTE OT IPEKYypCOp H PEaKTHBHU rasoBE TpsOBa 1a
BKIFOUBAT HampeueH TrIl motonw ("cross flow type™).

3.4. Bcuuky CTEHH Ha peaKTOpHATa KaMepa Jla MoraT 1a ¢e HarpsBar.

3.5, PeakTopHaTa KaMepa Ja € OTJ/le/lHa 0T BaKyyMHaTa KaMepa.

3.6. O60pyIBaHETO da BKIIIOYBA 2 PEaKTOPHY KaMEpPH

- e7HA 32 €JMHIYHA TUIACTHHA ¢ pa3sMepH Jio 6-8uHYa.

- BTOpA peaKTopHa KaMepa 3a rpyma OT INTACTHHH (batch) ¢ muameTsp 6-8unya.

3.7. PeakTopHata Kamepa TpsOBa Ja MO3BONABA OBP30 U JIECHO IOYMCTBAaHE OT HACIOCHHTE
MaTepHaIH.

3.8. PeaxTopa 1a € ¢ BOJHO OXJIXK/IaHe - 3a MaKCHMalIHa 0e3011aCHOCT.

4, BakyyMHa Kamepa — KOMIICKTOBaHe.

4.1. BaxyymHara KkamMepa fa ¢ OTAeIHa 0T peakTopa.

4.2. PeakTopHaTa KaMepa 3a eIMHHYHA IUIACTHHA /@ CE pasnoiara BETPE BBB BAKyyMHATa
KaMepa i 14 HMa BUCOUMHA OT 3 JI0 6 MM 3a CIIydas Ha Kamepa 38 e{HHIIHA [IACTHHA.

5. Bb3MOIKHOCT 32 TOJI3BAHE HA PA3IMIHH MPEKYPCOPH - TEYHH, TBHP/IH H ra3o0dpasHH.

5 1. CrcreMara 1a e cHabJeHa ¢ IAI0To HeoOX0oauMo 000pyaBaHe, epKyCOpPHH KOHTEHHEPH
¥ KIIanaHd (KOMIIOTHPHO KOHTPOIHPAHH)

5.2 KonTelHepHTe 3a TEYHH IPEKYPCOPH, KOUTO HE C& HYXK/AAT OT 3arpsBaHe, 1a MO3BOIIBAT
KOHTPOJI Ha TEMIIEPATyPaTa upe3 BOAHO OXJIKIAHE. _

5.3. KonreitHepuTe 3a TeYHH IPEKYPCOPH Ja ¢a OT HEPLIKAacMa CTOMaHa C o0eM MUHHMYM
ot 200 M.

5.4. JIunuuTe Ha TEYHUTE [IPEKypCopy TpsOBa Jia MO3BOJABAT 3(TPH) PasTUIHA PEXHUMa HA
IIOTOIATE:

- Hopmarnen pesknm (6e3 Hocer ras),

- Pexxum ¢ Hocem ras,
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- [IpexbeHAT PEXKKM.

5.5. Temmeparypy Ha 3arpsisane Ha KomTefmepute 10 300°C €hC CHLOTBETHMTE MCPKH 34
0e30I1acHOCT.

5.6. VskmrouBane Ha 3aMbPCSIBaHe H BB3MOKHM KOHICH3AIMM 4Ype3 CHCTEMH OT Bb3BPATHH
KTanagy. BB3MOXKHOCT 34 HOIIBbpIKAHe Ha [O-BHCOKH TEMIEpPaTypH Ha IIPEKYPCOPHHTE
IMHHH OT [MapHTe Ha IIPEKypPCOpUTe.

5.7. CMaHATA Ha KOHTEHHEpUTE ¢ MPEeKyPCOPHTE Ja CTaBa M0 JOCTBIICH H CHI'YPEH HAHH.

5.8. KonreiinepuTe ¢ IpeKypcopHTe A2 ¢a TEMIIEPATYPHO cTabUITM3NpaHH.

6. Mnasven Mox ua ALD cucremara.
6.1. CrcTemara ja H3ION3BA KAAIETHBHO CBbp3aHa IUTasMa (capacitive coupled plasma,

(cep).

7. IlpexypcopHH H ra30BH JHHUH — BBE3MOKHOCT A0 16 npexypcopuu JUHHH (32 TBHPIM
BellecTBA, TCYHOCTH U Tra3oBe)

7.1. CacTemara 3a IpeKypCcOpH Oa BKIIIOUBA:

- moHe 4 JIMHHH 38 TeYHH IPEKYPCOPH,

- TI0He 3 JMHAH 3a TRBP/IM IpeKypcopd (Harpasane 10 200-300° C),

- oHe 3 ra3oBH IPEKYyPCOPHHA JIMHUH

7.2. T'eneparop 3a 030H

72.1. Benuky ueoOXOMMMH IOIBIHEHHS KbM IeHeparopa M BKapBaHETO Ha 030HA KbM
cucreMara

7.3. Tasoen mumuy (3a razope karo N2, Ar, O2, H2 etc.), ¥ BcHuku HEOOXONMMH KIaMaHd H
KOHTPOJIEPH.

8. CxopocT Ha NHKJIHTE

- 8.1. CucTeMaTa jia OCHIypsiBa OLP3M BpeMeHA Ha IMKIATE — HE IOBEYC OT 5 CEKYHIH 32
IIBJIEH IEKBI OT 4 CTHIIKH.

8.2. BakyyMHHTE W HArpeBaTEIHH CHCTEMY J2 MUHUMM3HMPAT KOJIMYECTBOTO H3NOJ3BAH
MPEKYPCop U BPEMETO Ha €/IMH MHUKBIL.

VI W3UCKBAHUSI KBbM BE3OMACHOCTTA UM HOJJIPHKKA HA
OBOPY/JIBAHETO.

1. Cucremara Tps6Ba Jla MMa 3alATEH MOJYJI 3a CIICIIHO CIHPAHE 34 Ja NPe0TBPaTH PHUCK
OT MOBpEIA WM HHIHICHT.

2. Jla Gpjar KOHGHUIYPHPAHH NOJCUTYPSIBAIM BHTPENIHH KIANaHd 32 Ja ¢¢ MHHHMH3HPA
pHCKa 3a OIepaTopa H jia ce u30erse OmacHo eKCIOHNpaHe.

3. JlecHa moAapBKKa W MOUUCTBAHE HA CHCTEMATA.

VIIL U3NCKBAHUA KbM KOHTPOJUPAHE HA ITPOITECA HA OTJIAI'AHE.

1. KoMImoTsp #/Wid KOHTPOIHO YCTPOHCTBO € BCHIKHTE geoOxoaumu muren3u. Codryep 3a
KOHTPOJ ¥ YIPABJICHHE HA MIPOIECHUTE.

1.1. Codryep na mo3BoOJIABA KOHTPOI M YIIPABICHAC Ha ABaTa peana IJIa3MeH ¥ TePMUYCH.
KOHTpONET [a BKIOYBA: TEXHOTOTUYHHA IIAPAMETPHM Ha OTNAraHeTo, TCMIICPATypH Ha
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npexypcopHTe 1 Jpyri. Jla e mMa CTabHITHOCT H CHIYPHOCT Ha KOHTPOJIMPAHETO, KOETO /1
rapasTHpa 6e30aCHOCT Ha Oneparopa 1 Ha 000py IBaHETO.

IX. I3UCKBAHUA KHbM WHCTAJHPAHE, OBYYEHUE U PABOTA HA ALD
CHUCTEMATA.

1. 3agekeHde 3a IIpejOCTaBiHE Ha JcTaiiiHa uAadopMarus 3a H3MCKBAHMATA KBM:
TOMeIlenue, 3aXpaHBafe | 1p., OTHACALIH Ce 0 MHCTAIMPAHeTO Ha 000py/ABaHeTo. Besiko
OTKJIOHEHME OT [PEIBAPUTENHO IIPEICTABEHUTE CHENU(HUKAIMH, KOSTO MOXKe Ja J0BEAe N0
IpeyCTPOICTBO e Ob/IE 3a CMeTKa Ha I0CTaBYHKa.

2. VHCTANTMPAHETO HA CHCTEMATa J1a BKIIOYBA IIPOBENK/IAHCTO HA €KCIIEPAMCEHTAIHN TECTOBE 1
OTIAraHe Ha METaJHO OKCHIHE CJIOeBE, IPOBEpKa Ha BCHYKH IETAMIM M TAXHOTO IPABHIHO
(QyHKIIOHUpPAHE U CHOTBETHO PEryIHpaHe.

3. Ocurypspane Ha HHCTPYKIIHH Ha QHTTHHCKH €3HK 32 U3NOI3BAHE 1 paboTa ¢ anaparypara,
PBKOBOJICTBA 3a TOUIPEIKKA H IIIOCTHA JOKYMEHTAIH Ha CHCTeMAaTa.

4. Jla ce mpoBee 0OyUCHHE Ha MOHE TPMMA CIENHATMCTH B MACTOTO HA JOCTABKA, KATO €€
IpescTaBu MporpaMa Ha o0ydeHHe ¢ M3MCKBaHMATA 3a (yHKIIHOHHpaHE HA CHCTeMara 3a
OTNaraHe Ha THHKY CIOEBE H 33 MOAIPHKKA Ha armaparypara.O

GydeHEeTo 1a € MUHMMYM 3 JeHa, 3a KOeTO C¢ H3[aje JIOKYMCHT 34 3aBBpIICH Kype Ha
o0yueHue.

5. Jla ce TIPemOCTaBAT IEKIApalliyi HA CHOTBETCTBHE MHMa BCHUKH JIOCTABCHH npubopu ¢
0/100peHn cTanaapTy (0T IPOU3BOUTENS, aKO YHACTHHKBT € CaMo TOCTABYHK. )

6. Jla ce mperocTaBy ISUIOCTHO ONMCAHKUE Ha JIOCTABCHOTO o0opyxaBane.

X. TAPAHIIUOHEH CPOK HA CHCTEMATA

1. TapaHIMOHHHAT CPOK Ha CHCTeMara TpsOBa 1a 6bae— MEHHUMYM | TOIHHA.

2. B pamkuTe Ha IPEIOKECHAS TAPAHIMOHCH CPOK, V30BIHATENSIT U3BBPIIBA Oe31LIaTHO
OTCTpaHABAHE HA BCHUKH Je(eKTH, POSBEHH B rapaHIAOHHMUS NEPUOJ], IPHIAPYHKCHH
¢ KOHCYJITAIMS B BHBEKIAHE B €KCIUIOATAlMsl CIEI PEMOHT, B CPOK, ONpEJCICH OT
Bo3noxuTens.

3. 3aybIDKEHHE 34 CICATAPAHIUOHHO 00CTyKBaHE MHHUMYM 5 TOMHH.

XI. IPUEMAHE-TIPEJABAHE HA TOTOBATA CUCTEMA:

1 V3ubiHMTENST LPEIaBa, a BB3NOKMTENAT NpHEMa H3BBpIICHATa paboTa ¢ IPACMO-
[IpeIaBaTeNiel POTOKOIL, CHITBTCTBAM OT IPOTOKOTHTE 34 M3IIATAHMS Ha CHCTCMATA.

TIpuemarenen TecT: M3BBpIIBa Ce NPHEMATENEH TECT HA CHCTEMara, KOMTO MMa 3a IIel Ja
BBBEJIE B €KCILTOATAIMS JOCTABEHATA CHCTEMA, ITPY TTOKa3aTe/IH:

Cnoit Al O3

ITpexypcopu TMA, H,O

[Tommoxkka ; 100 MM cHIHIMERA IIACTHHA
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JleGenmHa HA CIIOs 80-100 nm

Bpeme 3a ITbJieH 4-CTHIIKOB UKL <5s

HepaBHOMEpHOCT Ha NOKpuTHETO (Ad Ha crtos) | <+ 1%

1. V3BBPIIBAT CE EIUNCOMETPUYHH H3MEPBAHLI B 9 ToYKH (03HAYEHH C YEPBEHH
KPBIUETA) CHITIACHO CXEMATA, 34 JIOKa3BaHe Ha PABHOMECPHOCTTA HA IOKPHTHETO:

dopmyia 3a U3UHCIECHHE HA OTKIOHCHUETO B nebenwaaTa (d) Ha cos:
Ad:(dmakc - dMHH)/(dMaKC = dMHH)

XII. OGYUYEHHME HA CIHEIUAJIMCTH

Ja ce mposene oOydeHHMe Ha ITOHE TpUMa CICHUATHCTH Ha HOTT — BAH B MscTOTO Ha
JIOCTAaBKa, KAaTo ¢e TPEICTABH IIporpaMa Ha 00ydIeHHEe ¢ M3UCKBAHMI 32 (byHKIIHOHUpaHe Ha
CHCTEMATA 34 OTIArane HA HAHOCIOEBE H 33 TIOMAPHKKA Ha amaparypara. O6yueHHeTo 1a e
MHHHEMYM 3 paboTHM AHH. _

A3IrbIHATENST 1A IPENOCTABY TOKYMEHTH Ha JIMNATa 3a YCIEIIHO 3aBbPIICHO obyueHwe.

XIIL. MSACTO HA M3ITbJTHEHUE

Pemybnuka beiarapus,
MHCTUTYT I10 ®V3UKA HA TBBPJOTO TAJIO-BAH, BBJIIAPHIA
'p.Codus, 6yn.” Llapurpascko moce” Ne 72.

VYacTHUIM, IPEINOKWTE TeXHHIECKO TMPENTOKEHHAE, HE CHABPIKAIIO MOCOHICHHTE HO-TOPE
JAHHM, KakTo H TPEIIOKEHHE, KOeTo HEe OTroBaps Ha H3HUCKBAHMATA, MOCOHCHH B
TexHHUECKOTO 3aJagre ¥ METOIMKATA 3a OIpeJe/IIHe Ha KOMIUICKCHaTa OLCHKa e opmar
OTCTPAHEHH OT yJ4acTHe B IIpoLe/lypara.




