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TIBJIHO OIIMCAHUE HA HPEAMETA HA ITIOPBYKATA

3A IIPOBEKIAHE HA OTKPUTA IPOLIEAYPA 3A
BB3JATAHE HA OBIECTBEHA IOPBYKA C
PEAMET:

“TOCTABKA, MOHTAX 1 BBBEXK/JAHE B EKCIINTIOATALIUST HA
ATTAPATYPA 3A OTJATAHE HA HAHOCJIOEBE»
3A THCTUTYTA 110 ®PH3UKA HA TBBPAOTO TAJIO-bAH
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1. Buiiaomuren

Bresnoxuren na Hactosmata oduwecrtreHa nopeuka € MHCTHUTYT [10 ©U3MKA HA
TBHPHOTO TAJIO-BAH

2. Haumenosanme

“JlocTaBka, MOHTa)X M BbBEX/AHEe B EKCINIoATallus Ha amapatypa 3a oOTjlaraHe Ha
HaHocoesey 3a MuctuTyTa 1o Qpusuka Ha TBbpAoTo Tano-bAH»

3. Ocnosanne

HacTosmara npouenypa ce nposex/a no wi.l4, an.1, 7.2 or 3011

4. OmnucaHyne HA NOPbLYKATA

“JlocTapka, MOHTAX W BbBEXKAaHe B €KCI10aTall{s Ha anapaTypa 3a oT/araHe Ha HaHocnoese'
3a MHeTuTyTa no dmzrka Ha TBBpAOTO TaN0-BAH.

4.1. [enu v 3ama4d .
Ilen na OIl e obopynsanero Ha 1abopaTopusi, B KOATO IIE C€ M3BLPLIBA OTjaraHe Ha
HAHOCJIOEBE OT METAJIHH OKCHIY U HUTPUIH.
3a peanu3upade Ha [IOCTABEHATA LIeJI CJIS/IBA 1A C€ PEeIlaT IOCIeA0BATEeNHO CIEIHUTE 3a1a4u:

- IOCTABKA Ha amapaTypa 3a oTjiaraHe Ha HAaHOCJIOEBE;
_ - MOHTaX B pabOTHOTO MOMElleHHe, pasnoyioxkeHo B Mucruryra no ¢usuxa Ha
TBEpHoTo Tsuto (MPTT);

- MOHT&JX, FOCTHPOBKA ¥ HACTPOHBAHE Ha CHCTEMAT4 B J1aDOPATOPHHU YCIIOBHS;

- TeCTBAaHE Ha amaparypara B 1ab0paToOpHH YCIOBHUS,

- MOHTA&X , HACTPOIBAHE U TECTBAHE HA CHCTEMATA B JIAG0OPATOPHH yCIIOBUSL;

-TeCTBAHE HA CHCTEMATa TI0 PEaHM 3a/lauk 1 00eKTH;

- IeMOHCTpalny ¥ obydenue Ha o0CIy;KBall NEPCOHAI,

- U3TOTBsIHE Ha noTpeduTencka qokyMeHTauus (MHueTpykinn 3a ekcroararius);

- [IPUEMO-TTPEIABATEIHI TECTORE;

-IpefaBaHe Ha CHCTeMaTa, KOHCYMarTWMBM 3@ TECTBAHETO W CBIIBTCTBALLATA
TOKYMEHTAlHI Ha BB3moKuTens.

4.2. OuakBaHU pe3ynTaTH

C obopynsaneTo Ha nabopaTopuaTa 1€ C€ M3BBLPLIBA OTIAraHe Ha HAHOCJIOEBE OT MeTalIHH
OKCHIH H HHUTPpH M.
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4.3. Ilpeamer

IIpeamer na Hactosimata obmecrsena nopkuka (OI1) e “JlocTaBka, MOHTAXK U BBLBEKIAHE B
CKCIUIOATANMs Ha anaparypa 3a oTjlaraHe Ha HaHocjoese» 3a MHcTuTyra no ¢usuka Ha
TBBPA0TO Tsn0-bAH.

4.4. Undopmanus 3a cucremara.

Cucrema 3a "aTomMHO-cIIONHO oTnarade" - atomic layer deposition (ALD), kosito me ce
M3II0/I3Ba 3 OTJIAraHe Ha THhHKH CIIOEBE OT METAHH OKCHJIM, METATHHW HUTPUIH, U JIPYTH
TNOKPHTHS BEPXY PA3THIHH BHAOBE MOUIOKKH (CHITHIIHEBH TIACTHHY JI0 6-8 MITYA, [0-MATKH
N0 pasMep NOoANOKKH # 3D npobu (mpobu ¢ pened) 3a myxaute Ha mpoext INERA. ALD
NPEACTABIsABA MOIU(HUIMPAH [POLEC HA XHMMYHO OTJarade OT razosa (asza, B KOHTO
OAIOCTHATE XMMHYHA PCAKIMA CE- CHCTOM OT MOBE CTBIKH, INPEACTABIABANIM J(BE
OCJIE/IOBATENHI U CAMOOIPAHHYABAIIM C& PeakIHH. BMecTo 1a nma HempekbeHaT MOTOK OT
[IPCKYPCOPHM TTApH, ABa HJIK [0BeYe TPEKYPCOPH Ce BKapBaT B PeaKTOpHATa Kamepa Ha
OTJENHH HMIIYJICH, OT/AEJICHH OT NpOouYMCTBaHe M ToBa ce Hapwya ALD nuxen B obmwmsrt
CITyuaH, eAHH LUKBI C€ CBCTOM OT NPEKYPCOPHA 103a, KOSTO HAH-4eCTO € MEeTas-ChIIbpoKalll
IPEKYPCOP M CBBMECTHA [03a OT PEAreHT, OCHIYPsiBall BTOPHSI KOMIIOHEHT HAa MaTepuaia
(KHCIIOPOJL 33 METanHM OKCHIM MJIH a30T 3a METalHu HUTpuau). [10 TO3H HauuH
[IPEKYPCOPUTE OCTaBaT pasJel]eHd [0 BpeMe Ha oTjJarageTo. Taka ce Hamassisa
Bb3MOKHOCTTA 33 XMMHYHM PEaKiy MEXKIy peareHTHTe B razoBa ()asa W CLOTBETHO ce
MOCTUIa XOMOI'CHHOCT M CTEXHOMETPHYHOCT Ha OTJIOKEHHTE ciioeBe. To3H Ipolec mo3BoIIsiBa
IPCHU3eH KOHTPOI HA ATOMHO HHMBO Ha nAeDefnuHara Ha OTJaraHus CloH, ChOTBETHO
[OCTUTaHEe Ha MHOro nobpa paBHOMEPHOCT, XOMOPEHHOCT M [JaBa BBL3MOKHOCT 34
TPUPA3MEPHO MOJpeXK/JaHe Ha CJIOKHH HAHOCTPYKTYPHH MOBLPXHOCTH. [103BOJSIBA HHUCKA
TEMIIepaTypa Ha OTJIaraHe M U3MO0A3BAHE HA UYBCTBHTEIIHH [10/UI0KKH.

5. Texnuyecka cremuuKarus, CBOWCTBA W KAyecTBA HA CHCTEMATa 33 ATOMHO-CIOHHO
otnarane (ALD)

5.1. BB3MOXKHOCT 3a OT/1arane Ha THHKH CIOEBE OT METAJHH OKCHIM, HUTPHIN H METAIIH,

5.2. JIBa pexxuma Ha paboTa - TEpMUYEH | IUIa3MeH MO,

5.2.1. 3a nnasMeHHS MOJ, BCHYKO da OBAe HHTErPHPAHO B CIHA KOMIAKTHA CHCTEMA
(BKJIIOYUMTETHO BHCOKOYECTOTEH TI'E€HEpATOp, PEAKTOpPHA KAMEpa, M BCHUKH HeoOXOIHMH
YacTH).

5.2.2. ALD cucremaTa ma MOXE /Ja Onepupa H B TEPMMYCH M [UIA3MEH pexxum 0e3 ma ca
HEOOXONMMH 3HAYUTEIIHI U TPYA0EMKH IPOMEHH.

5.3. MI3ucKBaHUs KM peakTopa.
5. 3.1. Jla uma BB3MOKHOCT Ja ce MoJIbpska TeMmIepaTypara Ha MpoLeca B peaktopa - oT
cTaiiHa Temneparypa muruMmym 18°C 1o 400°C.

5.3.2. PeakropHara kamepa 1a ITO3BOJISIBA - OTJATAHE HA CIOEBE BBPXY MOIUIOMKKH C pasmep
10 8 “HYA.
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5.3.3. Hauunure Ha mojaBaHe Ha NOTOLHUTE OT IIPEKYPCOP M PEAKTHBHH ra3oBe TpsOBa id
BKJIFOYBAT HalpeueH THII oTouHr "cross flow type".

5.3.4. BcHUKH ¢ TEHH Ha peakTOpHATA KaMepa Jia MOTaT Jia ce Harpssart.

5.3.5. PeakTopHaTa xamMepa Aa € OTACIHA OT BAKYyYMHATA KaMepa.

5.3.6. OGopyaBaHeTo Jia BKITIOUBA 2 PEAKTOPHH KAMEDH :

- €HA 33 CAMHHYHA [UIACTHHA C pasMepH 10 6-8 uHya.

- BTOpa peakTopHa Kamepa 3a rpymna ot racTuHu (batch) ¢ nnamersp 6-8 unua

5.3.7. PeakropnaTa Kamepa Tpsi0Ba aa H03BOJIsIBA OBP30 U JIECHO [OYUCTBAHE OT HACTOEHHTE
MaTepHaH.

5.3.8. PeakTopa fa € ¢ BOJAHO OXJIKIAHE - 38 MAKCUMaIHA Oe30acHOCT.

5.4. BakyymHa kamepa - KOMIIIEKTOBaHe

5.4.1. BakyyMHaTa Kamepa /1a € OT/IeJIHa OT PeaKTopa.

5.4.2. PeaxTopHaTa Kamepa 3a eIMHMYHA IUTACTHHA [Ia CE PaslioNara BLTPE BhB BAKYyMHATA
Kamepa M 1a HiMa BUCOYMHA OT 3 10 O MM 3@ Cllydas Ha KaMepa 3a eIMHHYHA [UIACTHHA.

5.5. BB3MOMKHOCT 32 MO/I3BaHE Ha PA3IM4HU PEKYPCOPH - TEUHHU, TBBPIIH H razoodpasHiu.
>.5.1. cucremara ma e cHabzeHa ¢ USUIOTO KeoOXoauMmo ofopydBame, MepPKYCOPHH
KOHTEHHEPH U KIAlaHH (KOMIIIOThPHO KOHTPOIHPAHH )

5.5.2.Koureiinepure 3a TeYHM HPEKypCOPH, KOMTO HE CE HyXAadT OT 3arpsBaHe, Ja
II03BOJIBAT KOHTPOJI HA TeMIIEpaTypaTa 4pe3 BOJHO OXJIAMKIAHE,

5.5.3. KonTefiHepHTe 3a TEUHHU [IPEKYPCOPH JIa €a OT HEPBKAAEMA CTOMAaHa ¢ 06eM MHHHMYM
o1 200 M.

5.5.4. JluHMATE HA TEYHUTE NPEKYPCOPH TPAGBA Na MO3BOJISIBAT 3(TPH) PA3/IMUHH PEKEMA HA
IOTOLIUTE!

- Hopmanen pexum (6e3 Hocel ras),

- PesxnM ¢ HOcen ras,

- [IpexbcHar pexim.

5.5.5. Temneparypu Ha 3arpssane Ha konteifHepute 710 300°C che CHOTBETHHTE MEpKH 32
OezomacHocr.

5.5.6. Mskmoveane Ha 3aMBpCABAHE U BB3MOXKHH KOHACH3ALMM UPE3 CHCTEMH OT BE3BPATHH
KJamaHd. BB3MOXKHOCT 3a NOJAbPKAHE HA I10-BHCOKH TEMIEPATYPH HA NPEKYPCOPHHTE
TTHHHH OT TIapPUTE Ha [PEeKYPCOPHTE.

5.5.7. CMsHATa Ha KOHTEHHEPHUTE C IPEKYPCOPUTE A CTaBa 110 JIOCThIIEH | CUTYPEH HA4HH.
5.5.8. KonTelHepuTe ¢ IpeKkypcopHTe 1a ca TEMIIEPATYPHO CTabHIIM3HPaHH.

5.6. [Tnasmen mox Ha ALD cucremara

5.6.1. Cucremara /1a M3M0M3Ba KallalMTUBHO CBbP3aHa Miasma (capacitive coupled plasma,
(cep).

5.7. IlpekypCopHM W ra30BH JHHHH — BE3MOIKHOCT J0 16 NpekypcopHu JHHHK (3a TBBPIN
BEIIECTBA, TEUHOCTH U r'a3oBe)

5.7.1. Cuctemara 3a mpekypcopH 1a BKIIOUBA:

- MOHE 4 MTMHUK 33 TEIHH [IPEKYPCOPH,

- MOHE 3 JMHAY 38 TBLPIH [pekypcopu (Harpssane 1o 200-300° C),

- MOHE 3 ra3oBH MpPEeKYPCOPHH JINHUK
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5.7.2. 'enepaTop 3a 030H

5.7.2.1. Beuuky HeoOXOOWMH AOMBIHEHHS KbM IE€HEPATOpPa M BKApBAHETO Ha 030HA KbM
cucTeMaTa

5.7.3. Tazoeu nmuHuK (3a razose karo N2, Ar, O2, H2 etc.), 1 BcHYKK He0OXOAMMHU KIAalu |
KOHTPOJIEPH.

5.8. CKOpOCT HA ITUKIIUTE

5.8.1. Cucremara a ocurypsea OBp3H BpeMEHa Ha LUKIIHTE — HE [10BEUe OT 5 CEeKyHIH 3a
IBJIEH HUKBIT OT 4 CTBIIKH.

5.8.2. BakyymMHHTE M HarpeBaTe/HHW CUCTEMH [Ja MHHUMHU3HPAT KOJHYECTBOTO H3MOI3BAH
[IPEKYPCOP U BPEMETO Ha €MH LMKBJI.

5.9. M3sucksanus kpM 0e30macHOCTTa U HOAAPHKKA Ha 000pyABAHETO

5.9.1. Cucremara TpsiOBa Ja UMa 3alldTEeH MOIYJ 3a CIELIHO CIHpaHe 3a fa [peJoTBpaTd
PHCK OT TIOBPE/a Wil HHITUIEHT.

5.9.2. Jla ObOaT KOHGUTYPHUPAHHM TOJACUTYPSBALLM BLTPELIHN KJIAlaHK 3a Ja C&€ MUHUMHU3Hpa
pHCKa 3a ollepaTopa H J1a ce W30erHe OnacHo eKCIIOHUpPaHe.

5.9.3. JlecHa noaapbkKKa U IIOYUCTBAHE HA CUCTEMATa.

5.10. M3uckBaHHsA KM KOHTPOJIMPAHE HA IPOLECA HA OTJIATaHE,

5.10.1. KoMmroTeEp W/HIH KOHTPONHO YCTPOHCTBO € BCHUKHTE HEOOXOIMMH JIHLIEH3H.
Codryep 3a KOHTPON U yIIpaBICHUE Ha IPOLIECUTE.

5.10.2. Codryep, KoHTO 12 MO3BOJABA KOHTPOJ U YIIpaBJIeHUE HA [JBaTa peykuMa: IJiasMeH U
tepmuyeH. KOHTPOIBT Jla BKIFOYBA: TEXHOJIOIHUHK TTapaMeTpy Ha OTJIAraHeTo, TEMIICpPATypy
Ha MPeKypcopuTe U Jpyru. Jla e uma cTabuiIHOCT U CUIYPHOCT Ha KOHTPOJIMPAHeTO, KOEeTO Jia
TapanTupa 0e30MacHOCT Ha ONepaTopa M Ha 060pyIBaHETO.

6. ManckBauus KbM JTOCTABKATA.

CpOI{ Ha U3IIBIIHCHHC Ha OJO0TOBOPA, B KOMTO € BKIIIOUEHO: J0CTaBKa, MOHTaXK, BBBEIKIAHE B
CKCIIIoaTalHs, O6y‘—l€HH€ Ha ClICHallMCTH U IPpCOaBatc Ha UAllaTa JOKYMCHTallMd - HE 11O
KbCHO OT 8 Mecela, CUUTaHO 0T CK/IIKYBAHE Ha J0I0BOpa.

7. V3uckBanus KBM HHCTaTHpaHe, 00yueHue H paborta Ha ALD cuctemara.

7.1. 3agwmxkeHde 3a INpeAOCTaBsHe Ha JeraliHa HHQOPMAlUs 3a M3HUCKBAHMATA KbM:
IIOMEIIEHNE, 3axXpaHBaHe W Mp., OTHACALIM C€ N0 HHCTAJIMpPAaHEeTO Ha obopymeaHeTo. Besko
OTKJIOHEHHE OT TIPeABaPUTENHO MPEACTABCHHTE CrenuduKauy, KOeTo MOXKe Ja J0BeAe 0
MPEYCTPOUCTBO 11e ObJIE 33 CMETKA Ha JIOCTABYHKA.

72 HHCTaﬂI/IpaHeTO Ha cHCTeEMATA Ja BIKJIHYEA HpOBC}K,ZLaHETQ Ha SKCIePHMEHTAIHH TECTOBE
H OTJlaraHe Ha MeTaJIHO OKCHJHH CJIOEBE, [IPOBEPKd HA BCUYKH D,C'Fafiﬂﬂ H TAXHOTO HpaBHﬂ.HO
(YHKIIMOHHUPAHE U CHOTBETHO PEryIHpaHe. -

7.3. OcurypsiBane Ha HHCTPYKIMYM HAa aHIIHHCKH €3MK 3d u3moi3eaHe W pabora ¢
arlapartypara, pPbKOBOJCTBA 3a IOANPEKKA U ISUIOCTHA JOKYMEHTAIM Ha CHCTEMATa.
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7.4. Jla ce nposene o0yueHHe Ha [IOHE TPUMA CHENMAIMCTH B MACTOTO Ha NOCTABKA, KaToO CE
MpeICTaBH MporpamMa Ha OOYUCHHE C H3MCKBAHMATA 3a (YHKUMOHMpaHE Ha CHCTeMara 3a
oTraraHe Ha THHKH CIIOEBE W 34 MOIIPHIKKa Ha arnapaTtypara.O

OyueHHETO Na € MHHUMYM 3 JIHH, 33 KOETO Ja C€ M3/aje TOKYMEHT 3a 3aBbpIICH KypC Ha
oOydenue.

7.5. Jla ce TpeNOCTABAT OEKIApAlli¥ HA CHOTBETCTBHE Ha BCHYKH JOCTABEHW MPHOOPH C
0D06PEeHH CTAHAAPTH (OT TPOU3BONTEIIS, aKO YUACTHUKBT € CAMO JIOCTABYNK. )

7.6. Jla ce mpeioCcTaBy LUIOCTHO OMMCAHKE Ha JIOCTABCHOTO 0O0pyaBaHe.

7.7. IlpuemaresneH TeCT:

Croit A1303

[pexypcopu TMA, H:0

ITomnonxka 100 MM cunUUKEBA 1JJACTHHA
Jebenua Ha o 80-100 nm

Bpeme 3a mbieH 4-CTBIKOB UK <55

HepasromeprocT Ha mokputreto(A d Ha cnost) | <=1 %

EMUIcoMeTpruHK U3MepBaHusl B 9 TOUKK (03HAYCHHU C YEPBEHH KPbIieTa) ChIJIaCHO CXeMard,
3a JoKa3Bane Ha PaBHOMEPHOCTTA Ha TIOKPHTHETO (CI104):

et
{ i : i i
dopmyna 3a H3UMCIICHHE Ha OTKIOHEHHeTO B Jebenunara d Ha cos:

ACl:(dl\-lﬁlic - dMHH)/(d\\‘IaKC + dM HH)

8. lapaHiuoHeH CpOK Ha CHCTEMAaTa — MUHMMYM | roguHa.

8. 1. 3a cpoka Ha rapaHIMATa Ja Ce OCUTypH: Oe3IUIaTHO OTCTPAHSBAHE, B CPOK , ONPEACIEH
oT Br3noxurens, Ha Beuuky Je(heKTH, IPOSBEHH B apaHIHMOHHHS IEPUO/, IPUIAPYIKCHU C
KOHCYJITAIMs U BLBEXKIAHE B €KCILIOATAIMS CIIEl PEMOHT.

8.2. BabIDKEHHE 3a CIEATapaHIMOHHO 00CTyKBAHE MUHUMYM 5 TOJMHH.

9. MsicTO HA U3ITbIHEHHE

Penybnuka benrapus,
MHCTHUTVYTIIO ®U3UKA HA TBBPJOTO TAJIO-bAH,

0
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['p.Codhus, 6yn."Llapurpaacke woce™ Ne72.

YYacTHHIHM, IPeLIokKuId TeXHUUECKO Npe/UIOKeHUe, He Ch/(bPIKaIl0 MOCOUCHHUTE M0-Tope
JAHHH, KAKTO M Mpe[joKeHHe, KOeTO HE' OTroBaps Ha M3MCKBAHUATA, IIOCOUCHH B
TexHUUECKOTO 3aMaHiHe B METOJMKATA 32 ONpe/e/siHe HAa KOMIUIEKCHATa OLEHKA 1 OBaat
OTCTPAHEHH OT yJacTHe B IIPOLENYPaTa.



