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1. CtpykTypa Ta ¢isnyHi BIaCTUBOCTI TOHKOILTIBKOBUX Audys3iiiHux 6ap'epiB W-Ti-N Ta Ta-Si-N Ha nigkiagkax
apCeHiny Ta HiTpuay rajuiwo

2. Structure and physical properties of W-Ti-N and Ta-Si-N thin film diffusion barriers on gallium arsenide and
gallium nitride substrates

Pedepar:

1. Inceprariist npucBgYeHa JOCTiIPKEHHIO CTPYKTYPY Ta OCHOBHUX (PisnuHuX BiactuBocTel miiBok WTiN ta TaSiN,
B 3QJIEXXHOCTI BiJl BMICTY @30Ty B IIPOLIEC] iX peaKTUBHOIO MarHETPOHHOTO PO3NUJIEHHSM. [Tponec po3nuieHHs
WTIiN, i3 36inbII€HHSIM NaplLiaJIbHOrO TUCKY a30Ty, PO3iIeHni Ha TpU obsacTi: 1) MP-metaniuuuiil pesxxum; 2) T1P-
nepexigHui pexxuM; 3) HP-niTpunHuii pesxxum. 3MiHa OTOKY IJ1iBKO-YTBOPIOIOYUX YacTok (MP: atomu Me (W, Ti);
[TP: knactepu MeN; HP: atomu Me ta N) npuBoguTs 1o eBosoLii ¢pasosoro ckinany (MP: tBepai pozunau W(Ti, N) 3
OlIK-rpatkoio; I1P: nceBno amopdHa Paza; HP: romorennuit teepauit posund WTiN 3 I'LIK- rpaTkoo), 1o
3POCTaHHS AaTOMHOI I'YCTUHU Ta IMTOMOTO ONOpY IIiBOK. ONTUManbHi KBasi-amopdHi nudysiiiHi 6ap'epu
W64Til6N20, 3anobiraioTs B3aemonndysii Mmik Au ta GaAs, 1o Tepmoo6po6ok nipu 7500C. BctaHOBIIEHO, 1110

30i/IbLIIEHHS [TOTOKY a30TY B PO3MUJIIOBAJIbHIN 11J1a3Mi, a oTxKe i KoHLeHTpauii a3oTy B TaSiN, npuBoguTs 1o



30i1bLIE€HHS iX aTOMHOI T'YCTUHM, TMTOMOTO OIOPY Ta ix amop@isaliii, o MOsICHIOETHCS "MacKBalli€l0” HaHO3ePEH
TaSi aToMamu a3oTy, sika epenkoaKae ix KoasecueHuio. 36inbeHHs "cTyneHs amopdismy”, o Kopesoe i3
3MiHOIO XIMIYHOTO CKJIafly Ta Pi3KMM 301JIbII€HHSIM IMTOMOTO OIOPY IIiBOK Ta-Si-N, 0sSCHIOETHCS 361/1bLIEHHSIM B
HUX BMiCTy (pakuii HiTpuny KpemHito SiNX (#ieseKTpuk /aMmopHUil), Ta SMEHLIEHHIM (PPaKLii HITpUAy TaHTaIy
TaNx (mpoBigHUK /TioJiKpucTasniyHmii). Ha mincrasi el moesi nosSCHIOEThCS TaKOX TepMidHA CTa6G1IbHICTD IITIBOK
(N-41at.%) B cucremax Au-,Ag-GaAs ta Au-GaN no 8000C.

2. Thesis is devoted to investigation of dependences of WTiN and TaSiN films structure and physical properties, on
nitrogen amount in reactive magnetron sputtering processes. The reactive magnetron sputtering process of WTiN,
with increase of partial pressure of nitrogen, can be deviated into three regions of sputtering: 1) MM-metallic
mode; 2) TM-transition mode; 3) NM-nitride mode. Change in type of film-forming species (MM: Me (W, Ti) atoms;
TM: MeN clusters; NM: Me and N atoms) result in radical change of structure and properties of WTiN films. Films
sputter-deposited in the MM are formed by a interstitial solid solution of Ti(N) in b.c.c. W phase. In TM (N=12 at.%))
amorphous-like structure is observed. In the NM, the films have a single f.c.c. WTiN phase. The complexity of the
structure, results in a substantial improvement in the barrier properties of W64Til6N20 films compared with
polycrystalline W-Ti-N films. This film suppresses interdiffusion between Au-overlayer and GaAs substrate under
thermal annealing at 7500C. For reactive sputtering of TaSiN films, increasing of N2 flow ratio results in N
concentration increase due to incorporation of reactive N2 into the film during the sputtering process. Increase of
the "degree of amorphism", which agrees well with change of chemical composition and an increase of TaSiN films
resistivity, is result of silicon nitride SiNx fraction rises into the films, and of tantalum nitride TaNx decreases.
TaSiN films may be viewed as a mixture of tantalum nitride imbedded in a silicon nitride amorphous matrix. This
model explain the high temperature crystallization (10000C) and excellent thermal stability (8000C) in Au-,Ag-
GaAs and Au-GaN systems, of Ta-Si-N diffusion barrier with N content more than 40 at.%.
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