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IIT,j'IHO OIIIICAHI{E HA IIPEIMETA HA fIOPT,tIKATA

34 IIPOBEXAAHE HA OTKPI4TA TIPOIIEAYPA 34
Bb3JTATAHE HA OEIIIECTBEHA IIOPT'TIKA C

{rP[,[MET:

..AOCTABKA, MOHTAX II BT'BEXAAHE B EKCTIJIOATAIIUfl HA
AIIAPATYPA 3,4' OTJIAIAHE HA HAHOCJ]IOEBE>

3A I4HCTIITyTA IIO @I43UKA HA TBT,PAOTO TflIO-BAH
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1. Brs,roxure,r

B'ssrorKr.rre,'r Ha Hacroqrqara o6u-(ecrBeHa nop6qKa e HFICTI4TyT flO @l43l4KA HA
TBbPAOTO T'JIO-FAH

2. HauNreuosaHue

",{ocranra, MoHTDK Ii B6Be)(AaHe B eKcnnoarauhf, Ha anaparypa 3a orJlaraHe Ha

HaHocroeBe) :a I4ucrNryra no $u:ura Ha rBbpAoro rt,'ro-BAH>

3. Ocsonanue

Hacrorrqara rpoueAypa ce npoBell(Aa rlo \n.14, ar'l,'r.2 or 3Ofl.

4. Onucasue Ha nopl,qKara

".{ocrasrca, MoHTDK H B'bBexAaHe B eKcnroarauat Ha anaparypa 3a or,raraHe Ha HaHocr'IoeBe"

:a l{ucruryra no $u:uxa ua ret'p.noro rr,ro-EAH.

4.1. L{e,ru v3aaa.qu.
IJe:r ua OII e o6opy4nanero na na6oparopl4;t, B Kotro lte ce I{3B6ptxBa orrafaHe }Ia
HaHOCJTOeBe OT MeTalHr.I OKCI]AI.i Ii HI.iTpIrAU.

3a pea,raszpaue Ha nocraBenara qen cneaBa Aa ce peurar IIoc.rreaoBare,lHo creaHHTe 3aAarrl4:

- AOCTaB(a Ha anapaTypa 3a orrafaHe Ha HaHocnoeBe;
- MoHTax e pa6ornoro noMerueHue, pa3no,'ro)I(eHo e I4Hcruryra no Qu:rlxa ua

'r Bbpaoro r rno (l4OTT):
- MoHrax, rocrrlpoBKa r.{ nacrpoilnaHe Ha c}lcreMara a :raboparoputl ycnoBlt.t;
- TecrBarre Ha anaparypara n :ra6oparopntl ycnoBl.it;
- MoHTax , uacrpoiteaHe x recrBaHe Ha cl4creMara B laboparopuu ycnoBl'Iq;
-TecrBaHe Ha clicreMara no peanHu 3aAar{u u o6exru;
- AeMoHcrparruli r.r o6yueuue ua o6cryxeaul nepcoHan;
- r.r3rorBrne ua norpe6urercKa AoKyMgHraur.rr (I4ucrpyrcuuu :a ercu:roaraqnr);
- npr4eMo-rrpeAaBaTenHfi TecToBe;

-npeAaBar{e Ha clicTeMaTa, I{oHcyMaTI.iBIi 3a TecTBaHeTo H cbnbTCTBaUIaTa

AoKyMeHTaIrI{f tta Btg:roxurers.

4.2. Oqanea H h pe3)nTard

C o6opyanariero ua ,ra6opardparra ule ce n3B6pIxBa orraraHe Ha flaHocJroeBe or MerarHIr
OKCI4AI] I{ HLITPI,IAI4.
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4.3. flpegver

flpeguer Ha Hacrorruara o6ulecrneua noptqKa (Ofl) e "{ocra.aKa, Mogra}r{ r4 B6Be)r(AaHe B

ercfiroararlr{.rl Ea anaparypa 3a ornaraHe Ha i-ranoc,roeeer> za tr4uctuty"ra no $asuxa ua
rB6paoro T sro"BAH.

4.4. tr4n$opnaaqu.rr 3a cr.lcreMara.

Cncrelra 3a "aroMHo-crofiuo ouarase" - atomic layer deposition (ALD), rolro qe ce
I'i3IIoJI3Ba 3a oTrafaHe Ha rbHKH croeBe or MeTa"[Hfi OI(0I4AII, M9Ta!'IHI4 HI4TpaALt, Lr -Apyl:u
noKpr4rr.ir Bt,pxy pa3nrlrrHli Br.raoBe noAnoxxu (culuqueeu uacrr.iHl4 Ao 6-8 lruqa, no_Manxx
no pa3Mep roAlroxxu ra 3D npo6ll (npo6u c pererp) sa Hy)lraure Ha rpoeKr INERA. ALD
[peAcraBnrBa uoguQaqvpau npouec Ha xliMuqno orJraraHe or fa3oBa $asa, a xoitro
rIrJrocTHaTa x\4MuqHa peaKllrlq ce - cbcTolr oT ABe cT:r,nKIt, npeacTaBnrBarqlt aBe
rocreAoBare-rrHr.r r4 caMoofpaHr4r{aBaql4 ce peaKqnu. Buecro Aa LIMa HenpeKT,cHar noroK or
npeKypcopHr{ rrapri, aBa r{nrr noBerre npeKypcopv ce BKapBaT B peaKTOpHaTa KaMepa Ha
orAerHr4 r.rM[yncr4, orAeJreHr.r or npor{t4crBaHe r] roBa ce napuua ALD qlmr,;r. B o6qr.rrr
cnyqail, eAuH Ur4K6r ce c:r,cTora oT npe(ypcopHa Io3a, r{orTo nafi-qecro e MeTan -c:bAbpxauf
npeKypcop r{ cbBMecTHa ao3a oT peafer.{T, ocHfyp.qBau] BTopr.{r KoMnoHeHT Ha MaTepr.ra[a
(xnc,ropo4 3a MeraJrHH oKcaAH Hnu a3or 3a N'reranHr.i Hurpr..rAu). flo rogrl na.rr4H
nperypcopure ocraBar pa3Ae.[eHr4 no BpeMe Ha ornaraHero. Tara ce ]laMarrBa
BG3MOIT(HOCTTa 3a Xr4MHqHr'T peaKIIIiU MeXAy peafeHTxre B fa3oBa Qasa u ctornerno ce
nocrllra xoMofeHHocr rt crexl4oMerpr.rr{Hocr Ha or.rro)r(eHr4Te cJIoeBe. Tosu npoqec [o3BorsBa
npeul{3eH KoHTpon Ha aToMHO HI{BO Ha Aeoen[HaTa Ha oTnafaHl.t,r cnoii, cT,oTBeTHo
nocrr4faHe Ha MHoro go6pa paeHorvepHocr. xoMofeHFrocr Lt AaBa B:b3MOII(HOCT 3a_
rpr4pa3MepHo noApexaaHe Ha cJro)r(Hr{ HaHocrpyKTypHra noB'r,pxHocrr{. flo:sorqea ur4cxa
TeMnepaTypa Ha oTnafaHe I.i I43non3BaHe Ha qyBCTBHTeJ'IHu noAJIOlr(Kr.r.

5 TexHnqecra cneun$urauur. ceofictga li KallecrBa Ha cr.rcreMara Ja aro\4Ho-cJIoHHo
or,ra raue (ALD)
5. 1 . BrsMortHocr 3a orJlafar{e Ha r!,HKH cnoeBe or MeraJrHr4 or(cuar4, Ht4-tpLrau LI Mera'rr4.
5.2. lea peNranaa na pa6ora - TepMHqeH r.r nJla3MeH MoA.
5.2.1. 3a [ra3MeHurr MoA, BcuqIto ra 6:bae HHTefpprpaHo B eaHa KoMnaKTHa cr.icreMa
(nr:rrcunrelno Br'rco(oqecroreH feHeparop, peaKTopHa KaMepa! u ecuvxu neo6xolnuu
vac r ri ).
5.2.2. ALD cr4creMara Aa Moxe Aa olepupa Ir B repMuqeH r.i nna3MeH pexzlr 6es 4a ca
Heo6xo4l.l'a u 3Ha qhrer H H H TpyAoeM Kh npo\4 eH r.i.

5.3. I4:ucxeaHr.rs K6M peaKropa.
5. 3.1. !a HMa Bb3Mo)nnocr Aa ce noAAtpxa reMneparypara Ha rrpoqeca B peaKropa - or
craiiua reuneparypa MvHnMyM 18oC ao 400oC.
5.3.2. Pearropnara KaMepa Aa [o3BoJtsBa - or,]afaHe Ha cloee-e,erpxy noAr,roxKr. c pa3Mep
AO 6 I-iHIIA.
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5.3.3. Ha.ruHtzre Ha r]oAaBaHe Ha norour4re or npeKypcop 14 peaKrr4BHr.i ra:one rpa6ea 4a
BKJttoLlBar HanpeqeH Thft noTouh cfo)s flow type".
5.3.4. Bcuqxrz c reHr4 Ha peaxropHara (aMepa Aa Morar aa ce HarprBar.
5.3.5. Pearropuara KaMepa Ia e oraelrua or BaKlyMHara (aMepa.
5.3.6. O6opyaeanero Aa BKJrroqBa 2 pearropuu KaMepr4 :

- eAHa 3a eAIiHr4r{Ha [JIacrr4Ha c pa3Meplt Ao 6-8 znqa.
- Bropa peaKTopHa KaMepa 3a rpy[a or rrlracrr4nr.r (batch) c AuaMertp 6-8 uuqa
5.3.7. Peaxropuara KaMepa rpt6Ba aa no3Bo-rrsBa 6:spso a recno [oq]rcrBaHe or HacroeHr4re
\4aTepuajrr.t.

5.3. B. Peaxropa 4a e c BoAHo oxraxaaHe - 3a MaKcr4MaJ'rHa 6e:onacnocr.

5.4. Barcyl vHa KaMepa - KoMnreKroBaHe
5.4.1. Bar<yyvruara KaMepa aa e orAenHa or peaKTopa.
5.4.2. Pearropnara KaMepa 3a eAriHnllna rrnacrr4Ha Aa ce pa3nonara B6Tpe BT,B BaKyyMgara
KaMepa u Aa I-iMa Bucoqr.{Ha or 3 ao 6 uu ra clyvar Ha KaMepa 3a eAriHurrHa rrJracrnHa.

5.5. Br:uoxnocr 3a [on3BaHe Ha pa3rr]qHrr flpeKypcopu - reqHn, TBbpAr4 r.r ra:oo6pasuu.
5.5.1. cucrelrara Ia e cHa6AeHa c urJroro Heo6xoAr.iMo o6opygeane, nepKyoopHr.l
KoHreiHgprz n KJrarraHr.i (r<ounrolspno xourpomlpanu)
5.5.2.Konreiiueprire 3a reqHz fipe(ypcoprlJ Kor4To He ce Hyxlarr or 3arp{tsaHe, Aa
no3BoJr.gBaT KoHTpOn Ha TeMnepaTypaTa qpe3 BoAHo ox-rlDr(AaHe.
5.5.3. Konreilneplire 3a rerrHr.{ npeKypcopr4 Aa ca or Hepb}r{AaeMa croMaHa c o6eu muuuuyvr

- or 200 ul.
5.5.4. Jlsnnure Ha reqHHTe npeKypcopn rp.a6ea aa no3BonrBar 3(rpu) pa:nuuHu pexr.rMa Ha
IIOTOUIITC:
. Hopua,reu pexr4M (6e3 Hoceul ra3),
- Perrrul.t c Hoceul fa3,
- flpelcscnar pencrzv.
5.5.5. Terr.rneparypl4 Ha 3afpsBane ua xosreiinepr4Te ao 300'C cr,c ctorBerHrire MepKx 3a
6e ronacuoct.
5.5.6. tr4gK:toqeaHe FIa 3aMtpcflBaHe a B:b3Mox{}rH KoHAeH3aqr4r4 qpe3 cucreMu or B:b3Bparur.r
KJraTIaHu. Btguoxnoct 3a noAAbp)I{aHe Ha ro-BacoKr4 TeM[eparypH Ha npeKypcopHu.r.e
nrzHrir4 oT rrapr4Te Ha npeKypcopr.rTe.
5.5.7 Cusna'ra sa xonreftuepzre c npexlpcoprrre Aa craBa rro Aocr:r,rreH n ctlrypeu Harrr4H.
5.5.8. Konreilnepr.rre c rrpeK)?copr4re Aa ca reMleparypHo cra6unv3rrpa:ar4.

5.6. fl,ra:rrler MoA Ha ALD 
"rararu,u5.6.1. Crlcrentara aa u3non3Ba KanaullrrlBrlo cBbp3aHa nna:ua (capacilive couplecl plasma,

(ccp).
5.7. llpenypcopHlr r{ ra3oBrz nv*r4t - B63Mo}r(}rocr 4o 16 npercypcopHu rtlrHr4r.r (:a rslp4u
BeulecTBa. teqHocTn n ra:oee)
5.7.1 . Cv crerrlara 3a fiperypcopr4 Aa BKJlror]Ba:
- noHe 4 stuuuu 3a reqHr{ fipeKypcopr.r,
- noHe 3 :ruHulr 3a rB6pAr.r npeKypcopr4 (uarpxnane Ao 200-300. C),
- rroue 3 rhsoeu npeKypcopHh nr4Hr.lr
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5.7.2. feneparop sa osou
5.7.2.1. Bclr.rxli ueo6xogurru ao[b.lHeHrtr K!,r4 reHeparopa r{ BxapBaHero Ha o3oga K:bM

CI{CTEMATA

5.7.3. fa:oeu nr.iHr.irl (3a ra3oBe Karo N2, Ar, 02, I-{2 etc.), H Bcaqxa ueo6xogriuli Kra[aHIr u
KOHTpOnepll.

5.8. Cxopocr Ha uu KJ'r.jr e

5.8.1. Cucrevara aa ocuryp{Ba 6:spsu npelrena Ha II[KJII4re - He roBeqe or 5 cexytAu :a
nlJIeH uuKbn or 4 clsnru.
5.8.2. Baxyyun[Te r,r HafpeBarenHr.l clrcreMri aa Mr]H].rMr.r3r.rpar KoJrr.iqecrBoro r-i3[oJI3BaH

npeKypcop z BpeMeTo Ha 9Ar4H rlr.rKln.

5.9. tr4zucxeatvs xsrra 6esonacsocrra r4 noAApr,xKa ua o6opyananero
5.9.1. Cncrerrara rpr.6na Aa riMa 3aulr.rreH MoAy.Jr 3a cnerrrHo cnllpaHe 3a Aa npeaorBparr'r

PI4CK OT NOBPEAA IiJII,I HHIIHAgHT.

5.9.2- \a 6raar nouQlirypnpaHu noacuryp{Baulr.r BtrpenHr.r KrarraHrl 3a Aa ce Mr4HHMr{3[pa
pxcKa 3a oneparopa r 4a ce rl6er He onacHo eKcnoHLlpaHe.

5.9.3. Jlecua noaap6xKa u noqr4crBaHe Ha cr4creMara.

5.10. I4sucxeaHrs K6M (oHTporupaHe Ha rrpoqeca Ha ornaraHe.
5.10.1. Kowrorrp ulutu KoHrponno yc'rpoftcrao c Bcr.irrKrire ueo6xo.rytrrru JrvrIeH3Lr.

Co$ryep :a xonrpon rr y[paBneHrTe Ha rrpoqecr.rre.
5.10.2. Co$ryep, xoiiro 4a no3Bor.f,Ba KoHTpon tl ynpaBneHr-ie Ha aBara pexr.rMa: fl,'ra3MeH r{

TepMr4r{eH. Konrpomr Aa BKnroqBa: TexHororfiqHu napaMerpr{ Ha ornaraHero, TeMfieparypl{
Ha nperypsopr{Te u Apyfu. !a e r.ulra cra6v:rHocr H curypHocr Ha KoHrpoJrlrpaHero, Koero aa
iapanrupa 6e:onacHocr Ha oneparopa 14 Ha o6opyABaHero.

6. tr4slacKsaHras r(:lM nocraBKara

Cpor na urn:srneHr{e Ha AoroBopa, a xoitro e BKr}o.reHo: rocraBKa! MoHTa}x, Br,Be)xAaHe B

eKcnJroarallut, obyueuue Ha cneqllaJlucrll Ii rpeaaBaHe Ha rlrnara AoKyMeHTauI4q - He no
K6cHo or 8 ueceqa, cqHTaHo or cKlrrorrBaHe Ha aoroBopa.

7. Wsucxsa*us r(:bM r4HcraJrr4paHe, o6yveHue r.r pa6ora ua ALD cr'rcreMara.

7.1. 3aArnxenus 3a npeAocraBrrHe Ha Aeralinua rauQopuaqurr 3a r.r3r4 cKBaHrisra (:bM:

rroMerqeHrre, 3axpaHBaHe r.r Ap., oruacrrqrr ce Ao r{HcraJrr.rpaHero ua o6opyaeanero. BcqKo
orKroHeHue or npeABapurg.JrH,o rrpeAcraBeHure clequdtuxaqauJ r(oero Mox(e aa .qoBeae ao
npeycrpoi;icrso rue 6r.qe 3a cMeTKa Ha aocraBsHKa.
7.2. Wuclarlupanero Ha cHcreMara Aa Br{nroqBa trpoBer(AaHero Ha er(cnepIiMeHTaJIHr{ TecroBe
u orlrafaHe Ha Mera,rrHo oKoHAHH cnoeBe, [poBepKa Ha Bcr-r L]K14 4eraii,ra u rsxFloro rrpaBIlJIHo

Qynrquouupane v c:borBerHo pefynupaHe.
7.3. Ocl,i ryprnane Ha r.incrpyKrl nu ua av'rnnitcxr{ e3aK 3a r43noJr3BaHe z pa6ora c
anaparypara, p:bKoBoacTBa 3a rroaApbxKa r4 qsnocrHa AoKyMeHTarlrrr Ha cr.rcTeMara.
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7.4. la ce [poBeAe o6yqeHl4e Ha ]roHe rpl{Ma cneqHanl4crlt B Mtrcroro Ha aocraBKa, Karo ce

rrpeAcTaBu IIpOfpaMa Ha O6yqeHl4e C LI3IICKBaHI4'Ta :a QynrUUOUtlpaHe Ha CIICTeMaTa 3a

orjlaraHe Ha r:bHKr4 cJIoeBe Il 3a rIoAAp:b)I{Ka Ha anaparypara.o
6yueuuero Aa e MLIHHMyM 3 gHu, sa Koero ra oe u3.4aae AoKyMeI{T 3a 3aB:bpueH Kypc Ha

o6yqeH He.

7 .5. [a ce fipeaocraBsr aeKnapaqll]:t Ha cborBercrBl'te Ha BcuqI{I4 aocraBeHl-i npuoopl4 c

oAo6peH14 craHAaprpt (or nponsno4tlrens! axo yrlacrullK;r e caMo aocraBqnK.)
7.6. fiace rrpeaocraBr] utJIocrHo oflI{caHl{e Ha aocraBeHoro o6opyABaHe.

7.7. [Ipzeuareren recr:

Erurconerpllunli r.r3MepBaHLq e 9 roqKu (o:ilaueHu c qepBeHI-i tcptrvera) c:brnacHo cxeMara,

3a ,4OKa3BaHe Ha paBHOMepHocTTa Ha noKpIlTnero (cnot):

Ooplry.na :a usvrrcreHl.ie Ha orrroHeHIiero g ae6e:rr'tnara d na clol:
Ad:(d,n*. - d,,")/(d^,un" + d,"")

8. fapanqlioueu cpox Ha cl{creMara - MI4HIIMyM 1 roallua.
8. 1. 3a cpoKa Ha rapaHIllrlra Aa ce ocfirypu: 6egnlarno orcrpaH.{BaHe, B cpoK , onpeAeneH

or Bsgroxrflrerq, Ha BcuqKLI. reQenrn, lpoaeeuli B rapaHuI4oHHI{t nepl'lo,4, IIpItApy}KeHIr c

KoHcynraunr u B:bBelKAaHe e dKcuoaraqzq cnea peMoHT.

8.2. 3a4uxeuue 3a cneArapaulrlloHno o6clyxnaHe Mt,tHIlMyM 5 roguutl.

9. M.scro Ha rz3rrblrrreHr{e

reIIy0nIIKa b6-[f apr'Is,

I4HCTt4TvTftO OIZ3I4KA IIA TBbPAOTO T'IIO-BAH,

L-JIOH Aluo:
Ilpexypcopu TMA, HzO

floa.loxxa 100 NaN,r cu.:rnulleBa flrasruHa

[e6e:ruua ua c:ro.t 80- 100 nm

Bpeve ra n'u,reH 4-crr.'nroB uttKr't <5 s

Hepaenouepriocr Ha [oKpI{TLIero(a d Ha cnot) <+10
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I p.Co$rar. 6y,r." I{apnr paacxo Luoce" Ne72.

YqacrHr4uu, IpeAnoxr4nr.r_ Texur4qecxo npeAnoxeHrie, He c6A6pxaqo rocorreHqTe rro-rope

AaHHU, .I{aKTO Ir [pe,4noxeH!Ie, Koero He' oTfoBaps Ha v3r4cKBaHugTa, rlocorleHI{ B

TeXnUqeCrOrO ga.4aHIIg rr M9TOALIKaTa 3a OflpeAentge Ha K6MIIJIeKCHaTa OUeHKa UIe 6bAaT

orcrpar{eH[ or )^racrrre B rrpolleAypara.


