20 *NOV 2006 -1 Sputter Method and Device for the Producti on2®GNOV 2006
Resi dual -stress-optim zed Coatings Thig.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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cases it my necessary to allow the voltage curve to swng further into
t he positi frempwidkhrgalso thariematrial cambptispoaitédon pesiubstvaie vobe agded.i n or der
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or target, the positive potential is, according to the prior art, kept very
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devoid as ﬁg%%\'/eql, & pcc))fssif;lg,s tlh(éi ltlaa}m!getsgrrsgﬁ e%séathtogg is normally always kept at a nega-

tive potential, or, in the case of bipolar, pulsed operation, at only a very low positive

potential when in the positive pulse range, because a positive pulse is disadvanta-
geous due to its withdrawing charge carriers (electrons) from the plasma. In certain
cases, though, this is necessary to the small extent indicated above if, for example
during the sputtering of dielectric materials, an insulating layer forms on the target
and impairs the capacitive characteristics of the coating device. In such cases it may
be necessary to allow the voltage curve to swing further into the positive potential
range, or to apply a low positive voltage, in order to effect a target discharge and thus
oppose the charge build-up on the insulating layers. However, on account of the
above-described counterproductive effect of a positive potential on the sputter cath-
ode or target, the positive potential is, according to the prior art, kept very low or

avoided if possible.

For the production of coatings that are as devoid as possible of residual stresses, the
prior art also describes the application of a bias voltage to the substrate during the
coating process. This bias voltage can likewise be unipolar or a bipolar, pulsed volt-
age. Application of a bias voltage to the substrate causes the coating being built up

on the substrate to be bombarded with ions, or, in the case of bipolar operation, with




pricor art al so describes the application of a bias voltage t20 NQV 2008trate
during the coating process. This biasspvoltage can |ikew se be unipolar or
*a bipolar, pulsed volt- age. Application of a bias voltage to the substrate
causes the coating being built up on the substrate to be bonbarded with
ions, or, in the case of bipolar operation, with 20 NOVv 2006 -2 ions and
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resi dual -stress-optimze ns on su s for which the application of
a bi as vol alaggossblorthat frektwiveise firnaemptl, f+fill cudur ot drediubistoats aga motlt et al |,
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or other cHFPISYH@ESAs far as stress optinization of the filns is
concerned, the aimis to largely re- duce or to prevent the particularly

di sadvant a%eous. residual tensile stresses in the .
he object of this invention is therefore to provide a method and a device for the

coating of substrates by means of sputter processes, with which the disadvantages
described above can be reduced or avoided. A particular aim is to permit the creation
of film properties and residual-stress-optimized films on substrates for which the
application of a bias voltage is only possible under difficult conditions or not at all,
as is the case, for example, with substrates in rotating substrate baskets or other car-
riers. As far as stress optimization of the films is concerned, the aim is to largely re-
duce or to prevent the particularly disadvantageous residual tensile stresses in the
films, or to reverse them into compressive stresses. In addition, the method and the

device are intended to be of simple design and easy, i.e. economical, to operate.

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
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-nmethod and the device are intended tqgbe of sinple design and easy, i.e.
reconom cal, to operate. This objective is established by a nethod having
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pul sed positive voltage“to target“results only 1n a pul sed bonbardnent
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or even inpossible to apply a bias voltage. Another advantage of replacing
t he subst r gprfinuous bombardment with ions or with ions and electrons. In this way, the ther-

mal stress on the substrate is minimized. In addition, it is possible to selectively in-

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 sputfer 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, ctc. 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.
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cost of equip- ping and operating the_goating device is reduced, since no
addi tional voltage source need be provided for a bias voltage on the
substrate. It is useful in this context to generate both the negative basic
signal shape for the voltage signal at the sputter cathode (target) and
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of a signal generator at the target. This ar- rangenment sinplifies the

sput t er - codn ilngpridwitoe divd varkeef iftims dychamniaind eSthecongition ithtsbkenHowever ,

that the f tud t | t
o0 het e e e SRR SRS 2l BB PO
pref er abl el (IRNSO & £,000%, ¥alckANP 4811973004, phdiEraBRUC @11, @(ﬁivoﬂﬁi]&t ar get)

by way of superposing a nedative basic signal shapé wth a pulsed positive
vol t age si ¢msdlect 88 B¢ OGN of 4hd positive velteghuptlsean tiaf range froinek tp 26F 1é.i | ns by

th t hod f d | | jGial t
el cot 1 e HB TEUHBRgPRFEeBDAT RS S IRy U EBse RS ¥ ARGELFr om 30 to
2,000 V, especially 40 to 1,800 V, preferably 50 to 1,000 V, and/or to

sel ect the pul se duration of the positive voltage pulse in the range from1l
to 20 s. Furtheraslvantagsshdumdiaistes msbﬁeamnﬁ@félafs awenor besgmerdseriiththehe range

f h d h f
thi's i nvendd B beastiued i dsinty FES PEhuliv R RabBl Al Tullhs sBORNET 2

conpar at i vdraw |l e and fromthe encl osed drawings. 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

vol t age; Fi IBSEW%&)&)E& ‘t'a?%@é{egﬁal ofigversal of residual stresses in

films depo ‘ed Wt € Thvention. In this conparative
exanpl e, the influence on residual stresses in NiV filns obtained

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 siresses 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-
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conmpared with the residual stress deyglopnment in NV filns that were
“deposited with different posi- tive voltage pul ses according to the nethod
of the invention. Fig. 1 shows the typical signal shape used in the nethod
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Caims: 1 Method of producing residuakéstress-optimzed coa2d N2V 2006
especially lowtensile-stress coatings, by neans of sputter processes in
whi ch a bipolar, pulsed voltage characteristic is generated at the target
(cathode), characterised in that the positive voltage pulse applied to the
target is adjusted in such a way thatClaimmss are accel erated onto the
substrate and inpinge on the substrate as a result of said accel eration.

2. The nethod of claim1l, characterised in that the positive vol t age pul se
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sai d pul sed pw8igsi bﬁm&aﬂistoﬁspmttsﬂ Ig‘aééssebﬁi ﬁﬁmh@@ipléﬁa?r %ﬁls%d v@ltagIEﬁarﬁ@érﬁﬂg of

claim1l or 2. charact %sec the positive voltage pulse has an
anpl i tude of " SFFHC arget f‘fﬁh ’t‘ihétﬂcéﬂm&@llt@alﬂﬁcgﬂwe legepulisl y 50 to
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in that the sitive voltage pulse has a uratiton o

Met hod accordgﬁ%h‘ap%e% eé‘ﬂbsﬂﬁ@aﬁ)ﬁé@éﬁﬂﬁ@lctacaelmnomhar acterised in that the
positive voltage pulse is applied with a frequency of 15 to 450 kHz. 6.
Sputter coating device for the production of coatings, especially
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according to_one of the clains age
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vol tage sign wer so .that jon e accel erated onto the
substrate anglleﬂ%llcﬂ E%}ﬁ EW& %&W&étﬁ C{P‘é@iﬁ Rosgrvesgitacigedl Beiggi on. 7.
The sputter eadaktablg. devi ce of claim 6, characterl sed 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

vol tage s gngthe 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 i0 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 puIsé duration of 1 to 20 ps.

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

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

Sputter coating device for the production of coatings, especially residual-stress-
optimized coatings, preferably according to the method according to one of the claims 1
to 5, characterised in that a voltage supply device is provided which is adapted to gen-
erate a pulsed, positive voltage signal of high power so that ions are accelerated onto the

substrate and impinge on the substrate as a result of said acceleration.

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 negatwe

basic signal shape as well as the positive voltage signal.




