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Abstract: A very versatile method for plasma characterization is plasma energy and energy-resolved mass spectroscopy. By this method energy and mass 
distributions of ions and neutrals can be analyzed. Results obtained on two different triode ion plating systems with different magnetic confinement show 
a good correlation between the average energy of the particles bombarding the surface and the properties of the layer (texture, stress-free lattice 
parameter and in minor extend others such as microhardness and internal stress). 

In both systems single and multiply charged ions of Ar and N2 gas and the evaporated Ti were detected. The system with a strong magnetic field 
confinement exhibits higher plasma potential (Up = 55 V) under the standard deposition conditions, the peak ion energy is higher and the energy 
distribution is narrower than in the system without magnetic confinement (Up = 12 to 35 V). Mass-spectroscopic studies reveal, that the electron impact 
ionization of titanium, Tin+ + e- ! Ti(n+l)+ + 2e-, n = 0-3, within the electron beam with an energy above 27.5 eV is very effective. The probability for the 
multiple charged ions in this system is much higher than in the system without the magnetic confinement, so the population of Ti++ in this system is higher 
than that of Ti+. Even the presence of Ti3+ and Ti4+ ions was confirmed experimentally. 

An additional promising technique is also so called multiple ion detection (MID) which is very suitable for monitoring of different plasma assisted processes 
like etching and cleaning. 

Energijsko locljiva masna spektroskopija ioniziranih in 
nevtralnih delcev v hladni plazmi 

Kjucne besede: energijsko locljiva spektroskopija plazme, ionsko nanasanje, TiC; TiN;TiCN 

Izvlecek: Za okaratkterizacijo plazme je zelo primerna metoda energijsko locljive masne spektroskopije. Z njo lahko pridobimo podatke 0 energijski in 
masni porazdelitvi ionov in nevtralnih delcev. Rezultati dobljeni v dveh sistemih za ionsko nanasanje z razlienima magnetnima poljema pokazejo na dobro 
ujemanje med povpreeno energijo delcev, ki zadevajo povrsino in lastnostmi nanesenih plasti (tekstura, mrezni parametri v stanju brez notranjih napetosti 
in v manjsi meri trdota in notranje napetosti). 

V obeh sistemih so bili zaznani enojno in veekratno nabiti ioni Ar, N2 in naparjevanega Ti. Sistem z mocnim magnetnim poljem ima med standardnimi pogoji 
nanasanja visji plazemski potencial (Up = 55 V), kar se odraZa v energijski porazdelitvi ionov z vrhom pri visjih energijah, sama porazdelitev pa je ozja kot v 
sistemu z sibkim magnetnim poljem (Up = 12 to 35 V). Masna spektroskopija pokaZe, da je ionizacija titana, Tin+ + e- ! Ti(n+1)+ + 2e-, n = 0-3, znotraj 
elektronskega curka z energijo nad 27.5 eV zelo ucinkovita. Verjetnost za veekratno ionizacijo je v sistemu z moenim magnetnim poljem mnogo veeja kot v 
sistemu s sibkim magnetnim poljem. Zato je populacija ionov Ti++ mnogo visja kot enkrat nabitih ionov Ti+. Zaznana je bila celo prisotnost ionov Ti3+ in Ti4+. 

Zelo obetavna tehnika za spremljanje plazemskih postopkov Uedkanje, ciscenje) paje metoda MID (multiple ion detection), pri kateri spremljamo populac
ijo razlicnih ionov tekom sam ega procesa. 

1 Introduction 

Plasma assisted processes are gaining more and more at
tention due to its benefits. The temperatures involved in 
the process are lower; lower is also environmental pollu
tion in some cleaning processes, and there is a greater 
possibility to tailor the process according to technology 
demands due to wider range of parameters involved in the 
reaction. 

However, for a successful implementation of plasma as
sisted processes, the thorough knowledge of plasma sta
tus is of the crucial importance. The main methods, suita
ble for its characterization are: 
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electrostatic (Langmuire) probe /1, 2/, which gives a 
valuable information about the plasma parameters such 
as: electron temperature (Te) and its energy distribution, 
plasma potential (Upl) and densities of electrons and ions 
(ne, nil, 

optical emission spectroscopy, OES /1, 3/. The 
method is very suitable to monitor the plasma assist
ed processes "ex-situ". But it can provide the infor
mation on the light emitting species only. 

energy resolved mass spectroscopy /1, 4/. This is 
the only method which can give information about the 
energy and mass distribution of ions (positive and 
negative) as well as neutrals from the plasma. On the 
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