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TBOpYeCKOro mpoekra mo reme «Ocaxaenne GapbepHbIX

CJIOEB HA OCHOBE HUTPH/JA THTAHA C NOMOIULIO Iy aJbHOI
MArHeTPOHHOH PACNBLLINTEIbHOM CHCTEMbI»
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BBEJIEHUE

B Hacrosiee Bpems Gapbepbie cioum (i auddysuonHble Gapbepsi)
SABJISIIOTCS HEOTHEMJICMOM HYacThiO METANTM3AlMOHHONW CHCTEMbI WHTErPallbHBIX
cxem (MC). OcHoBHbIMU Matepuanamu Juisi AU dy3HOHHBIX GapbepoB SIBISIOTCS
TYroIjlaBKUe MeTaJUIbl M TBEP/ble PAacTBOPHI HA WX OCHOBE, Takue kak Ta u W
(TBEpABIE PACTBOPHI - HUTPHABL, GOPHUA KapOHAbl MMM CHUIMLMABI). OIHAKO 3TH
MaTepuaibl UMEIOT CyIEeCTBEHHbIE HE/IOCTATKHU: BBICOKAs TEMIIEpaTypa IylaBIeH s
¥ TBEPAOCTh, HO HU3Kas yNpPYrocTh, BBICOKAsS CTOMMOCTh MaTEPHaJloB.

OnnuM W3 OCHOBHBIX  HauGolee MEPCHEKTHUBHBIX — MATepPHAJIOB,
NOAXOAAMMX [isi HOpMHUPOBaHUS NU(QY3HOHHBIX GAPbEpOB, ABNSETCS HUTPHL
tutaHa. OH 06nanaeT yHUKaIbHBIM COYETAHMEM CBOMCTB: BBICOKHX IOKa3arelneii
TBEPAOCTH W YNPYrOCTH, TEMIIEPaTypPOCTOMKOCTH M XHUMHYECKOW HMHEPTHOCTH,
BBICOKOH 3JIEKTPO- U TEIUIONPOBOIHOCTH.

BapbepHble cioM Ha OCHOBE HHTPHAA TUTAHA MOXKHO TOTYYHTh
pasnu4HBIMH pacnbeutiTenbHbIMU PVD (Physical Vapour Deposition) metomamu:
WCTIApEHUEM C HCINONB30BaHMEM pPE3MCTUBHOIO HArpeBa, BaKyyMHO-IyrOBBIM
MCTIAPEHUEM, MarHeTPOHHBIM pacribuieHreM. OHaKo 3TH CrocoOBl MOJTyYeHH s
UMEIOT PsAJl HEZIOCTATKOB IPH UCIIOJIb30BAHUM UX B MUKpOdJiekTpoHuke. Haubosee
NEPCIEKTHBHBIM CIIOCOGOM /ISl TONTyYeHHUs! TUIEHOK HUTPU/IA TUTaHA MOXKET CTATh
HCMONIb30BaHUE JIyalbHOM MAarHeTPOHHOH pacHBUINTETLHON CHUCTEMBI (IyanbHOI
MPC). Ona nossosnsier nmomy4ars NoKpbITHs 6e3 KanenbHO# (DpaKiiiH, ¢ BHICOKUMH
(YHKUMOHAIIBHBIMY XapaKTEPUCTHKAMH [IPH CKOPOCTSX OCAXK/IEHHS, CPABHUMBIX C
METOJIOM AyTOBOT'O UCTIAPEHHSI.

Lenbto nanHo#t paGoThl siBisieTcss (POPMHPOBAHUE JTUTEPATYPHOTO 0030pa
110 3a7laHHOH TeMaTHKe, & TaK)Ke MOJlyYeHHe IUIeHOK HUTPHU/A THTAHA IPH MOMOLIH
AyanbsHoid MPC npu pasnu4HbIX peXxumax paGoThl.

Jist nocTIkeHws 3a/IaHHBIX LieNell HeOOXOMMO TIPOJIENATh ClIE/yIOLIEe:

1. chopmuposate  nmrepatypmblii  0630p Ha  Temy MaTepuaos,
HCTIONB3YIOIUXCsl B Ka4yecTBe GapbepHbIX croeB. PaccMoTpers dusuyeckue

pacrbUIMTeNIbHBIE  CIIOCOOBI monyueHus Aupdy3HOHHBIX GapbepoB Ha
4
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OCHOBE HHTpHJa THTaHA: DJIEKTPOHHO-Iy4€BOE HCIapeHHe, BaKyyMHO-
IyroBoe WCIapeHHe W MarHeTpOHHOe pacrmblieHHe. PaccmorpeTs crocob
MOJTyYeHHs IUIEHOK HUTPHA TUTaHa IIPU NOMOIIM JyalbHOH MarHeTpOHHON

PacibUIUTEIL BHOU CUCTEMBI.

. O3HaKOMHUTECS C yCTpOﬁCTBOM YCTaHOBKHA MOHHO-IUIA3MEHHOI'0 OCaXXACHMUS

nokpbITH «Slmma-5 ». PaccMmoTpers mpolecc MOJydyeHUs Bakyyma H

paboTy Ma3MeHHBIX YCTpoicTB ayanbHO MPC 1 HOHHOTO HCTOYHMKA.

. HOJ'Iy‘{HTB 06paBI.ILI IUICHOK HUTpHJA THUTaHa IpPH 3aJaHHBIX PEXHUMaX

paGotel nyansHoi MPC: moroka peaktuBHOro rasza — aszora Q(N,),

PacCTOSHUS MEX/1y MHUILIEHBIO U TOATOXKOM dy.,

. HccnenoBanue 3aBHCHMOCTH CKOPOCTA OCaXXACHHUA OT CKOPOCTH IIOTOKa

azora B pabouylo Kamepy W PacCTOSIHHS MEXAYy MHILEHBIO U IMOIJIOKKOM.
JlaTh OLEHKY BIMSHUIO DPEXHMOB OCXKJEHHS Ha CKOPOCTh OCaXKIAEHUS

ruteHok TiN.
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3agaua Nel.

Coopmuposame  1umepamypnoiii  0630p  na memy  mamepuanos,
UCNONL3YIOWUXCA € Kadecmee bapvepHuix cnoes. Paccmompems gusuveckue
pacneliumensieie  cnocobvl nonyuenus Ougyzuonnvix 6apvbepoé Ha ocHose
HUMpUOQ — MUMAHQ:  2NeKMPOHHO-Tyue6oe  ucnapenue, 6AKYYMHO-0y2080€
ucnapenue u mazHempounoe pacheinenue. Paccmompemuv cnocob nonyuenus

NIEHOK — HUMpUOa  mumaHa npu  nOMOWU  OYanbHOI MazHempoHHOU

PAaCnbIIUMENbHOL CUCEMbL.

Pexomendyemasn numepamypa:

1. S.-Diamand Y. Barrier layers for Cu ULSI metallization // J. Electron. Mater.
—2001, v.30, Ne4, p.336- 344.

2. Zeng Y. et al. Thin film interaction between low-k dielectric hydrogen
silsesquioxane (HSQ) and Ti barrier layer. // Thin solid films. — 2000, v.360,
Nel-2, p.283 - 292.

3.lacopi F. et al. Factors affecting an efficient sealing of porous low-k
dielectrics by physical vapor deposition TaN thin films // J. Appl. Phys. —
2002, v.92, Ne3, p.1548 - 1554.

4. Meng Li-Jian, dos Santos M.P. Characterization of Titanium Nitride Films
Prepared by D.C. Reactive Magnetron Sputtering at Different Nitrogen
Pressures // Surface and Coatings Technology. 1997. v. 90. p. 64-70.

5. Yannanos A.M., IllepGakosa E.H. CtpykTypHsie i dha3osbie IIPEBpALIEHUs B
TOHKHX [UICHKaX TUTaHa MNpH OOJydeHHH a30T-BOAOPOAHON TmIa3Moil //
JKypuan Texundeckoii pusuxu. 1999. 1. 69. Ne 10. ¢. 102-108.

6. bepmun  E.B., Ceiinman JL.H. MoHHO - mia3sMeHHbIe IIPOLIECCHl B
TOHKOIUIEHOYHOM TEXHOJIOTUH. - M.: Texnocdepa, 2010. 528 c.

7. Musil J., Baroch P. Discharge in Dual Magnetron Sputtering System // IEEE
Transactions on Plasma Science. 2005. v. 33. Ne 2. p. 338-339.
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3apaua Ne2.
Osnakomumecs ¢ ycmpoticmeom — YCMAHOBKU — UOHHO-MAAZMEHHO20
ocasucoenus nokpeimuii «wma-5». Paccmompems npoyecc nonyuenus eakyyma u

pabomy nnasmennvix yempoiicms oyansnoti MPC u uonno2o ucmounuka.

3mech H606XOZIHMO npeacTaBHTb NOPSAIOK paﬁoru Ha YCTaHOBKe:

- CXeMY YCTAHOBKH H NOPHAJOK HNOJYICeHHHA BaKyyMa;

- JaTh NOMIAroBYH0 HHCTPYKIHIO, MNOACHAKINYI0 KaK NIPaBHJIbHO BKJIKOY1ATh
ychoﬁcha (nona'la BOJbI H ra3a, nojavia HanpsizkeHHusl H T.Il)

3axaya Ne3.

Tonyuumey obpasyer nnenox Humpuda mumana npu 3a0aHHBIX PEACUMAX
pabomei oyanvroii MPC: nomoxa peaxmugrozo 2aza — azoma Q(N,), paccmosHus.

MedHCOY MUULEHBIO U NOON0JICKOU dy.,.
Ilapamempoir u pesicumot ocasncoenus:

Hns ocaxcnenus mieHok TiN Heo6X0IHMMO HCIIOIB30BaTh JBE TUTAHOBBIC
MHIICHH AyalbHOro marHerpona wmapkud BT1-0. PaGory ucrounuka nuraHus
HEOOXO0/IUMO yCTaHOBHTb B PEXHMMe OTpaHMuYeHHs MOIIHOCTH 3 KBT. B kauecTse
Marepuaia TIOINIOKKH HCII0JIb30BaTh MOJIUPOBAHHBIE TUTACTUHEI
MOHOKPHMCTAJIZIMYECKOr0 KpeMHHUsl. PaccTosiHue MeXIy IMIOCKOCTBIO MUILEHH H
NoANOKKOH (d.) ycraHoButh 50 m 100 mM. JlaBieHHe OCTATOYHBIX Ta30B B

paboueii kamepe He MeHee 5107 [Ta. Ocaxenue TIPOU3BOJIMTE B CPEJie aproHa u



| |
[[— W—

a30Ta MpU IOCTOSIHHOM 3HAa4YeHHM IOTOKa aproHa (31 CMB/MPIH). [Totox a3zora
M3MEHATh B JIHana3soHe ot 15 10 52 cv’/mun. s NIPaBUJIBHOM MHTEPIIpeTalud U
CPaBHCHHsI pe3ylbTaTOB OSKCIIEPUMEHTa Ha BceX oOpaslax HeoOX0oquMo
NOANEPXKUBATH IOCTOSHHOM TONIMHY NOKPhITHS (0,4 MKM).

B Tabmune 1 mpexncrasieHo cooTBeTcTBHE HOMepa ofpasua pexumy
OCaX/IeHHSI.

Tabmuna 1 — PexxuMbl ocaxknenus mieHok TiN

I'pynma 1 2

Homep | Mo "5 % 1516 | 1] 2 3014|516
obpazua

dy.;, MM 100 50

Qs(Nz)’ 57" 23™"26™ "33 40 |'52 | 15128 1°26°'| "33 | 40 | 52
cM’/MHUH

0 (Ar), .

3

0 31 0
CM’/MUH

Memoouxa nonyuenus u usmeperus ckopocmu ocajicoenus nokpoimuil

1. lnst onpesiesieHust CKOPOCTH OCAXIEHHS TIEHKH, HE0OXOIUMO U3MEpUTh
HAYaJIbHYIO 4acTOTy Kosebanuii kpucranios keapua (F, — yacTora 10 HarllbUICHHUS] )
natynka «MuKpoHa-5». JIs 3TOro cieayer, NMOMECTHTH AATYHK B pabouyro
kamepy. IIpousBecTH 0TKauKy Kamepbl IO OCTATOYHOrO JaBieHus He MeHee 1+1072
Ila. TlonaTe B Kamepy peakTHBHBINH ra3 — a3oT (N;) no paGouux jaBieHuii B
3aBUCHMOCTH OT pexuma paboTel (cM. Tabmumy 1) marerpona. ITockombky
ayaneHas MPC umeer HeGOnbIIyIO MUIOmANb, a MCTOYHHK MUTAHUS HE MOJAeT
[IO/KUTatolMe MMITYJIbChI, TO pa3psj TpeOyeTcs 3aKeub C IOMOIIBI0O HOHHOTO
MCTOYHHMKA. JIaTYWK, HAXONAIMHCS Ha TEPEJBHKHOM CTOIHKE, crenyer
TIEPEMECTUTD TIOA MArHETPOH M HAXOJUTCS T1O/1 HUM B T€YeHHEe | MUHYTHI.

Hanee B paGouyio kamepy TpebyeTcs HAYCTHT BO3AYX U M3BIeYb JATUHK
Hapy:Ky. 3aTeM HEOOXOAMMO MPOM3BECTH 3aMep YaCTOTHI KONeGaHwii KPHUCTAJIIIOB

KBapla JaT4uka «MUKpOHa-5». 3a cUeT HambLICHHs MaTepuaia Ha OBEPXHOCTD
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KpUCTajjla, Macca KpHCTalla yBEIMYMBACTCS M, KaK CIEICTBHE, MPOMCXOIHUT
M3MEHEeHHe YacTOThl Kojebanus. JlambHeHIne W3MepeHHs MoJaraeTcsi MpoOBECTH
o ¢hopmyiie
o AF :N-p,
2 ’
K,-F-p

rne AF =F,-F, F;, — gacrora mocjie HanbluieHus, F, — 4acToTa 10 HaIlbUICHHS],

Kg — reomerpuyeckuii ¢akTop, p — MWIOTHOCTE MaTepuana. IlapameTpamu
MaTepualia SBIIAIOTCA IUIOTHOCTH M TeoMeTpuueckuit ¢akrop. IlnotHocTH
HEKOTOPBIX Haubolee YacTO MCHONIb3yeMBIX MATEpHANOB MOXHO HAHTH B
CHpaBOYHOl JuTeparype. 3Hauenne Kg onpenensiercs o dopmyse: Kg = D/100,
rae D — rommuuna riéHku (A).

2. Jlns mony4yeHHs SKCTEpUMEHTANBHOro obpasia HeOGXOMMMO MOMIOKKY
TIOMeCTHTh B pabouyio kamepy. Kamepy oTkauars 110 ocratounoro nasienus 1:10°
?a.

3. Ha cnenyrouiem srane TpeGyercs IpOU3BECTH HOHHYIO YHCTKY 00pasia, s
4ero B KamMepy HY)KHO mojaTh pabo4uii ra3 apros (Ar), Ha HOHHOM HMCTOYHHKE
3a)xedb paspsi. Pexum paboTsl noHHOTO Hctoynuka: U = 2500 B, 7= 0,25 A.

4. Ha nocnepnem srane ciefyer HaHeCTH IIOKPHITHE HMTPHIA THTAaHA IpPH
TIOMOIM TyaJIbHOM MarHETPOHHOM PaCTBUIATENIFHOM CHCTEMBI, /ISl Y€T0 B KaMepy
HEOOXOZMMO HAIlyCTUTH ra3 aprou (Ar)  NOANEPIKUBATE PACXO MOCTOSHHBIM (15
cM’/MHH), a pacxon PeaKkTUBHOrO rasa — azora (N,) U3MEHATh B 3aBUCUMOCTHU OT
BBIOpaHHOTO pexuma paGoTsl (cM. Tabmuuy 1). Jlamee o6paser Tpebyercs
NEPEMECTUTE NMOJA MarHeTpoH. [lis M3y4eHHus BIUSHUS MarHETPOHHOM IUIa3Mbl Ha
ocaxxieHue 1ieHok TiN, paccTosiHMe MeX/Iy IUIOCKOCTBIO MHILEHH H ITOJIOKKOM
crenyet (ds.,) usMeHaTh (50 u 100 Mm). 3aTeM NPOU3BOAUTE HAHECEHHE MOKPHITHS
HUTPH/A TUTAHA TOMLUHON 0,4 MKM.

Pexomendyemasn numepamypa:

1. ®enotko A., KBapuesbiii u3MepUTeIb TONIMHBI TIEHOK «MuUKpOH-5»,

PykoBozcTBO 1o skcmuryarauuu. / IzoVac
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3anaua Ned
Heceaedosanue sasucumocmu cxopocmu ocancoenus om CKOpOCTMU NOMOXa

azoma & pabouyIo KaMEpy U PACCMORHUR MENCOY MUMENDIO U nOATONCKOT. [lams
OUEHKY BIURNUIO PENCUMOB OCANCOCHUR Na CROpocmb ocaxcoenun maenox TiN.

1) TocTpouTs rpaduk 3aBHCHMOCTH CKOPOCTH OCEXICHHS OT MOTOKS A30Ta B
KaMmepy M PACCTORHMA MEKAY MHIICHBIO H NOUIOKKOM.

2) CheaaTs BMBOAM O BAMKHHH PACCTONHMS M MOTOKA PEAKTHBHOIO rasa B
KaMmepe Ha CRopocTs ocamacHus miesok TiN,

Pexomendyemas aumepamypa:

. Muxuesuy K. C. , IOpses 10. H. , Tynuxosa O. C. Mccaenosanme
cooficts naenok TiN, noayuennsix ¢ nomousio ayamsuoit MPC npu
PAVIHYHBIX  NAPUMANLHBIX  JABNCHMAX 430T8 M KOHQUIypamMsx
MaruuTHOro nons // Masectus sysos. ®usuxa. 2014 1. 57. Ne 3/3. ¢. 207-
210.

2. Yurjev Y.N., Sidelev D.V. Technological Peculiarities of Deposition
Anti-Reflective Layers in Low-E Coatings / Joumal of Physics:
Conference Series. 2013. v. 479. Ne 1. Article Number - 012018. p. 1-4.

3agaua N5
CdopmyaapoBaTh TpeOOBAHHAS K OTUYETY CTYAEHTA (UTO
HMEHHO H B KAKOM BH/Ie J0/I’KeH COJAep:KAaTh HX OTUYeT)
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