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REACTIVE SPUTTERING OF TiN -FILMS BY MEANS
OF CYLINDRICAL m.OWH-?EwOZHHﬂOZJ

DUDAS, J.% Prague

The contribution presented describes a d.c. magnetron sputtering system with a
spool-shaped Ti-cathode. Conditions of the reactive deposition of TiN,-films and
properties of these films are introduced, too.

I. INTRODUCTION

TiN ~films have a wide application field in industry as a wear resistant coating
of machine parts and cutting tools [1], as a barrier layer in ohmic contacts of
semiconductors elements [2], as anticorrosive coating [3], etc. For this reason a
great attention is devoted to the deposition technology of TiN_-films and their
properties [4, 5].

H. EXPERIMENTAL

Some of the properties of d.c. magnetrons with a spool-shaped cathode were
referred to by Kirov [6] and Thornton [7]. The sputtering system we used
(see Fig. 1) was placed inside a glass cylindrical vacuum chamber (160 mm i.d.).
A magnetic field parallel to the cylindrical surface of the ma gnetron cathode was
produced by coils placed outside the chamber. The water cooled cathode from
the Poldi titan 45 (99.5% “titanium) had the following dimensions: the post
diameter 12 mm, the active length 13 mm, the diameter of the ending discs
17 mm. The Cu-sample holder was heated by a resistor wire and cooled by air.
Before the deposition the chamber was evacuated by means of an oil diffusion
pump (2 m¥/s) to a pressure of about 107* Pa. The purity of both Ar + N, gases
used in our experiments was 99.99%. The system enabled to clear the cathode
by ionic bombardment before the deposition.
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1II. RESULTS

The .Rmmo: of the stable magnetron discharge is shown in Fig. 2. If the
magnetic field decreased below a certain value the magnetron discharge was

a=2 x 1073 at .Em distance of 7 mm from the cathode surface. It increased
proportionaly with the discharge power P, and decreased rapidly with the
Increasing pressure Pa; (Fig. 3).
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Fig. 2. Region of stable and unstable mag- Fig. 3. Degree of ionization @ of the magnetron

netron discharge for two a_.:.onnz_&mnrmwmn cur-  discharge plasma vs. discharge power P, and

rents [, in the diagram of the magnetic fields 8 aragon pressure p,.. 7mm from the cathode
VS. argon pressure p, . surface.
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The heat flow to the substrate is a parameter, which has great influence on
the structure and other properties of the deposited films. It s caused by energetic
particle bombardment and by discharge plasma radiation. Its value was 70 ev
per condensing titanium atom in the nonreactive deposition of Ti-films
(Par = 0.5 Pa), it increased to 130 eV/at.Ti with the substrate bias U, = —50 v
(against the anode) and increased to the value of 300 eV/at.Ti in the reactive
deposition of TiN films in the atmosphere of pure nitrogen p,, = 0.5 Pa. The
value of the heat flow did not depend on the discharge power and the cathode-to-
substrate distance in agreement with [9],
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Fig. 4. The deposition rate 4,4, microhardness HV,,, resistivity g and intrinsic stress O; vs. nitrogen
partial pressure py, for TiN -films on silicon. L,=450w, Pin = Pac+ Pny =0.5Pa, d,_ = 18 mm,
B = 0.89 T, substrate temperature T, = 473 K.

The properties of reactively sputtered TiN -films strongly depend on the
deposition conditions. The influence of individual parameters on the structure
and other properties of these films was studied in previous works [10, | 1].

The dependence of the most important parameters (deposition rate a,, micro-
hardness HV,,, resistivity o, intrinsic stress o) on partial nitrogen pressure py,
for TiN,-films on silicon substrates is given in F ig 4. The shape of dependences
HV = flp\,) and ¢ = J(pw,) is determined by the changes in the composition and
the structure of the films caused by the changes of py,. The high values of the
compressive intrinsic stress are given by the atypical deposition conditions,
where the substrate is close to the cathode surface (d._.= 18 mm) and is
ntensively bombarded by argon energetic neutrals reflected from the cathode

surface.
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IV. CONCLUSION

The descibed magnetron sputtering system is suitable for the coating of
hollows. It is characterized by a high degree of ionization (10~*) and high heat
flows to the substrate (10'—10 eV/at. Ti). Reactively deposited TiN,-films are
characterized by great compressive intrinsic stress (=10° Pa). The TiN -films
deposited by this System gave good results as wear protective coatings on parts
of textile machines.
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HAHECEHUE TOKHMX TJIEHOK TiN, METOAOM PEAKTUBHOIQ
PACIMIBIIEHMS B UMIMHAPUYECKOM MATHETPOHE CO WITBIPEM

Hannan pabora onuceipaer MArHeTPOH MOCTOAHHOTO Toka s PCAKTHBHOIO PACTIBLINCHHUSA ©

XN%%EKOO@UNuIEZ THTAHOBBLIM KATOIOM. OGOUZV\‘J:UOWN:E TaKXe YCJI0BUA JuIs HAHECCHUSA
TOHKHX MNMICHOK n—._z, METOI0M peakTUBHOIO PACNbLIEHUS U ONMUCAHBL CBOHCTBA ITHX TNACHOK.
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