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We have developed a theory of sputtering metal in the form of excited neutral and
charged clusters and their subsequent fragmentation to a stable state. Our theory is based on
simple physical assumptions and is in good agreement with experiment. The result are pre-
sented in the form suitable for the use of formulas. As an example of the calculation of the
total yields of stable neutral and charged clusters of silver.

Hamu paspabGorana mMojenb HOHHOTO paciblieHus [1], ocHOBaHHAs Ha MPOCTHIX
(bu3NYECKUX TPEINOI0KEHUSX, TTO3BOJISIONIAs IPU MOMOIIN HECKOIBKUX aHaJTUTHYE-
CKHUX BBIPAKEHUH IMOJIYYUTh OTHOCUTEIBHBIM BBIXOJ KJIACTEPOB PAa3HOIO pa3Mepa U
3apsAI0BbIE paclpe/ielieHUsl MpU Pa3IMYHbIX TeMIlepaTypax MULIEHU. SIBiIeHue pac-
MBUICHHUST PACCMATPUBAJIOCh MpU OOMOApAMpPOBKE MOHAMU HEOONBIIUX 3apsAliOB C
DHEPIrUsIMH OT COTEH 3B 10 coteH K3B. Pe3ynpratoM Hamero pacCMOTpPEHHUS SBIISIFOT-
cs cneayoniue GopMybl.

BepositHoCTh nosiBiieHus crabuiabHOro N — aromHoro knacrepa ¢ 3apsaom Q:

@ _5 e N B
WN - QZO ; (N + n)WN+n(QO’QO Q)l (1)

rJe N — YUCI0 UCTApUBIINXCS U3 MEPEerpeToro kiactepa aroMoB, Ny — pa3mep 30HbI
BO30YKJICHHS, BO3HUKAIOIIECH TP MaJieHuu noHa. BepositHOCTh BhuieTa N+N aTtom-

HOTO KJIacTepa, KOTOphli notepsiet N aromos, Wy, , OIIpenenseTcss HHTErPUPOBAHIEM
CIIEKTpa BHYTPEHHEN SHEPTUU KiIacTepa

S(n+1) _ _ .
W = J- do, dE., do, _ |[E-E exp E-U, -E ’
"4 dE Y dE U,

2)
rje O — Heprust ucnapeHus: ogHoro aroma, Uy — 3HEprust CBsI3U KJlacTepa ¢ PeIIeTKOM.
BepositHOCTh HaliTH B o0beMe Kkiactepa V OINpEAeeHHOE YHUCIO AJIEKTPOHOB MPH
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BBUIETE€ U3 PEUIETKU MOYKHO, MUCIOJB3Ysl CTaHJIaPTHOE BhIpaKeHUE I (PIyKTyaluu
yucia yactuil [2] ¢pepmu-raza. OTKIOHEHUE YUCa AEKTPOHOB OT CPEIHETO U OIpe-
nensiet 3apsia kinacrepa Q. BepositHocTh nonmydeHust 3apsaaa Q npu BeUieTE:

) ) — 33 mT(N, e
PN(Q)=DN19>@(—2 lQZ/AQﬁ) AQy =92W hez [—ej 7°N, (3)

Vv

rac Yy — 4YUCJI0 BAJICHTHBIX JJICKTPOHOB B aTOMC, T - TCMIICpaTypa PCIICTKH, a DN -

HOPMHUPYIOIIMN MHOXHUTENb. Torga BEpOATHOCTh IMOKUHYTh PELIETKY C OINPEEIICH-
HOW BHYTpEHHEH 3Hepruei u 3apsaom Q:

dw,

E Py (Q)

int
AHanornyHas npoueaypa npou3BOAUTCS, YTOOBI y3HATh KAKOM 3apsia J W3 Kiactepa
YHECYT ucnapsirouecss MoHomepsl. [Ipu 3Tom, Temneparypa BbUIETEBIIETO KilacTepa

OTPENIENIAETCS YEPE3 ero BHYTPEHHIOW dHepruio Kak T = By /(3N -6)
) (n+1)s dW
Wi Q) =P | G

int

Pn (g)dEint

CyMMHpPYS 3TO BBIpaXE€HHUE IO BCEM BO3MOXKHBIM 3HaueHUAM Q U (, MOJy4YUM BbIpa-
xenue (1). Moaens umeer xopoiee coriacue B oomactu 4<N<80 mis N-aToMHBIX
METaJUTMYECKUX KJIACTEPOB M PsiJia HEMETAJIOB.
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Copper is widely used in electronics as an interconnecting material due to its high
thermal and electrical conductivity. However, the formation of an oxide layer on the
copper surface even at room temperature and resulting creation of trap states result in
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