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Resi dual - stress-optim zed Coati ngs Thi 3/' invention relates to a nethod and a
- device for sputter coating processes, With which, in particular,

resi dual -stress-optim zed coatings can be produced. The prior art contains

descriptions of how to produce coatings on substrates by neans of sputter
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The especially sinple solution to the problemoutlined above consists
chiefly in dis pensing entirely with the substrate bias voltage that is

- associated with the above descri bed digadvant ages and, instead, adjusting a

positive target voltage pulse - on -3 the basis of earlier findings
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This objective is established by a method having the features of claim 1, and by a
device having the features of claim 6. Useful embodiments of the invention consti-

tute the subject matter of the dependent claims.

The especially simple solution to the problem outlined above consists chiefly in dis-
pensing entirely with the substrate bias voltage that is associated with the above-

described disadvantages and, instead, adjusting a positive target voltage pulse — on




drawings. Fig. 1 shows a typical target potential profile; Fig. 2 shows the
reduction in residual stress and the igcrease inresistivity in filns

- deposited with a high-frequency bias vdltage; Fig. 3 shows the reduction or
reversal of residual stresses in filns deposited with the nethod of the
invention In this conparative exanple, the influence on residual stresses
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fluence the film microstructure also in the case of substrates to which it is difficult or
even impossible to apply a bias voltage. Another advantage of replacing the substrate
bias voltage by positive voltage pulses applied to the target is that the cost of equip-
ping and operating the coating device is reduced, since no additional voltage source

need be provided for a bias voltage on the substrate.

It 1s useful in this context to generate both the negative basic signal shape for the
voltage signal at the sputter cathode (target) and also the positive voltage signal for
the method of the invention by means of a signal generator at the target. This ar-
rangement simplifies the sputter-coating device and makes its operation less compli-

cated.

However, so that the frequency, signal shape, amplitude, etc. of the pulsed positive
voltage signal at the target can be adjusted as freely as possible, it is preferable to
generate the voltage signal at the sputter cathode (target) by way of superposing a

negative basic signal shape with a pulsed positive voltage signal.




_6.Cains: Method of producing residual -stress-optimzed coati ngs,
especially lowtensil e-stress coatings, by nmeans of sputter processes in
whi ch a bipol ar, pul sed vol tage characteristic is generated at the target
(cathode), characterised in that the positive voltage pul se applied to the
target is adjusted in such a way that a bias voltage on the substrate is
thus replaced. 2. The nethod of claiml, characterised in that the positive
vol tage pul se is generated by superposing a negative basic signal shape

with a pul geehePRSHEINE OO LADRy SEINAL byl e fHRAUSNGY, inbérRdal it BRAP&n
anplitude, etc. of said pulsed positive voltage signal being adjustable.
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duration of 1 to 20 us. Method according to one of the preceding clains,
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frequency of 15 to 450 kHz. 6. Sputter coating device for the production of
coatings, in particular residual-stress optimzed coatings, preferably

a(r:] cording Fm;jthdgadnﬁtdfglbﬂ, c&mmtedis}figs zgﬁl fomareafof E}ﬁs\;{p&leﬁiimbéﬁohmdcﬁear in the
characteri y a voltage supply. device wt ich a pul sed, paositive
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to repl acega . as voltage on the substrate. The sputter coating device of
claim6, characterised in that for the generation of

Fig. 1 shows a typical target potential profile;

Fig. 2 shows the reduction in residual stress and the increase in resistivity in

films deposited with a high-frequency bias voltage;

Fig. 3 shows the reduction or reversal of residual stresses in films deposited with

the method of the invention.

In this comparative example, the influence on residual stresses in NiV films obtained
by applying an RF bias voltage to the substrate during deposition is compared with
the residual stress development in NiV films that were deposited with different posi-
tive voltage pulses according to the method of the invention. Fig. 1 shows the typical
signal shape used in the method of the invention. Besides a half-wave with negative

potential, each cycle includes a half-wave with positive target potential.

On comparison of the residual stresses within the NiV films deposited on the one
hand by a method according to the prior art (Fig. 2) and on the other hand by the
method of the invention (Fig. 3), it becomes clear that the same effects can be ob-

tained with the method of the invention as with a substrate bias voltage.

The NiV films, the residual stresses of which are plotted against RF bias power in

Fig. 2, were deposited on a heated substrate to which a bipolar, pulsed RF bias volt-




vol.tage on the target, a signal generator is provided that generates both
the negative basic signal shape as well as the positive voltage signal.
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slightly compressive.

This positive effect was likewise generated in the NiV films produced by the method
of the invention, not by using a bias voltage but, as is provided for by the invention,
by applying bipolar pulses to the target (cf. Fig. 1). The other parameters remained
unchanged. As is seen in Fig. 3, the residual tensile stresses in the NiV films de-
crease, or even reverse to become compressive, as the positive potential of the posi-
tive voltage pulse increases. By contrast, in NiV films deposited without a postive
pulse portion, no significant changes in the residual stress were registered, not even

by varying the negative pulse voltages from -900 V to approx. -1,600 V.
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Ent ryVer d Doc&rmpé&( by meaﬁ /i&sp(!ﬂter processes in which a bipolar, pulsed voltage character-
istic is generated af the target (cathode), characterised in that the positive voltage
pulse applied to the target is adjusted in such a way that a bias voltage on the sub-

strate 1s thus replaced.

2. The method of claim 1, characterised in that the positive voltage pulse is generated
by superposing a negative basic signal shape with a pulsed positive voltage signal, the
frequency, signal shape, amplitude, etc. of said pulsed positive voltage signal being
adjustable.

3. The method of claim 1 or 2, characterised in that the positive voltage pulse has an

amplitude of 30 to 2,000 V, in particular 40 to 1,800 V, preferably 50 to 1,000 V.

4. Method according to one of the preceding claims, characterised in that the positive

voltage pulse has a pulse duration of 1 to 20 ps.

5. Method according to one of the preceding claims, characterised in that the positive

voltage pulse 1s applied with a frequency of 15 to 450 kHz.

6.  Sputter coating device for the production of coatings, in particular residual-stress-
optimized coatings, preferably according to the method according to one of the claims
1 to 5, characterised by a voltage supply device with which a pulsed, positive volt-
age signal at the target can be adjusted and is sufficiently powerful to replace a bias

voltage on the substrate.

7.  The sputter coating device of claim 6, characterised in that for the generation of
voltage on the target, a signal generator is provided that generates both the negative

basic signal shape as well as the positive voltage signal.



