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ABSTRACT ate vicinity have been given surface decorative treatments.
Even if we restrict ourselves to metallic surfaces, as we shall
For decorative applications coloration is the most decisivin this article, the number of applications is still large. Most
factor in surface finishing technology. For example, high valmetallic surfaces are treated with paints, lacquers, powder
ued colored surfaces may be produced using physical vapooatings, or electrochemically plated, with corrosion pro-
deposition processes. Among these sputter ion plating turtsction often being one of the intended or essential objec-
out to be most suitable for decorative purposes because stables.
colors over large areas can be achieved in a reproducible way.
In this lecture the principles of the process will be presenteBhysical vacuum coating processes have also recently be-
and the state of the art with respect to current industrial agome important in several application areas. The significance
plications will be outlined. Finally, possible future applica- of these processing methods, jointly designated by the acro-

tions will be addressed. nym PVD (for physical vapor deposition), can be surmised
from the fact that there are already about 100 systems used
1. INTRODUCTION for decorative coating with hard materials installed world-

wide (more than half of them in Japan) and generating an es-
Decorative coating of (metallic) surfaces is of major ecotimated DM 150 million/$ 90 million (in terms of the added
nomic importance. It is difficult to give any figures on addedvalues of the coatings themselves) in total annual sales, with
values, since decorative surface treatments are used in masaynual growth currently at approximately 20 %.
different, loosely related or unrelated, fields, and are invari-
ably just one stage among many in overall manufacturing prd-et us take wristwatches as an example: until about 20 years
cesses. A careful look around should be enough to allow thego, product function was a major factor in product defini-
reader to determine how many of the objects in his immedtion and design; today it is simply taken for granted (Fig. 1).
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Means for creating the product differentiations that can den other words, ion plating can be based on either evaporation
termine success or failure in saturated markets thus hawe sputtering; of course, both of these processes can be em-
come to rest squarely in the area of product “design,” takeployed without or without use of ion plating [6-9].

as encompassing both styling and choices of surface finish

(Fig. 2).
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(The choice of materials used should also be included amoye will restrict ourselves to a treatment of sputter ion plat-
the means for creating product differentiations; for exampleing, since this processing method has proven to be particu-
the use of titanium in consumer products is one path to prodarly effective, affords a high degree of flexibility in the depo-
uct differentiation. This development is most easily recogsition of decorative hard coatings, and also has the greatest
nized in semi-luxury consumer products (wristwatches, eyepotential for further development. However, it should not be
glass frames, fashion accessories, etc.), but can also be digrgotten that there are other processing methods that can be
tected in other consumer markets, the automotive markeised in decorative coating applications. A critical review of

being one example. all such methods appears in the the article by Matthews [10].
The term sputter ion plating [11, 12] indicates that this method
2. PROCESSING TECHNOLOGY involves processes in which

- all, or some portion of, the materials to be deposited enter
PVD processing encompasses a number of processing te¢he gas phase by means of sputtering processes, and that
nologies [1-4]. These may be categorized by the methodscondensation of the materials to be deposited on substrates
employed to transfer the material to be deposited from thikes place under constant ion bombardment.

solid state into the gas phase: The use of the dual-cathode configuration permits uniform
allover coating of (smaller) shaped articles, while providing

- evaporative processes, or control over ion bombardment during film deposition [13,

- sputtering processes. 14]. In this approach, two magnetron- cathodes are installed

in the vacuum chamber facing one another, separated by a
The term ion plating is used to designate processing methodsstance of about 10 cm to 15 cm, with the substrates to be
in which conditions that lead to their surfaces being bomeoated situated between them (Fig. 3.).
barded by energetic ions during film deposition are created
in the vicinity of substrates (the items to be coated), regard-
less of how the material to be deposited enters the gas phase

[5].
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speeds. We have thus far considered only purely metallic pro-
cesses. These methods permit deposition of films of chro-
mium, gold alloys, or of titanium, as in this example. To coat

substrates with TiN using “reactive processes,” two further

conditions must be met:

- A carefully metered dose of nitrogen (the dosage can be
used to control color tones, i.e., to obtain light or dark gold)
must be added to the argon “working gas.”

- Energy must be supplied to the coating during deposition in
order that chemical reaction of titanium and nitrogen to form
titanium nitride take place. The discharge zones of the two
cathodes overlap at the substrates, so that plasma density is
greater there than elsewhere (Fig. 3). Applying a bias voltage
of-50 V to - 200 V to the substrates causes some of the ions
in the plasma overlap zone to be attracted out of the zone and
accelerated toward the substrates [13,14]. This provides the
coating being deposited with the required reaction energy.
lon bombardment also aids in producing highly compacted,
dense, coatings.

The benefits of using sputter ion plating in depositing deco-
rative coatings can be correlated to the types of processing
and types of equipment used:

- Use of planar sources (sputtering cathodes) provides uni-
form (particularly in their colors) coatings without substrates
having to be put through complex motions. Substrate
mountings can thus be kept quite simple.

- Unlike evaporation rates, sputtering rates remain constant
for constant processing conditions, allowing keeping com-
positions (stoichiometry) of coatings, which strongly affects
their final color tones, within narrow tolerances. However,
coating stoichiometry can also be deliberately altered in or-

To deposit, e.g., gold-tone titanium nitride (TiN), a titanium . . )
plate several mm thick is bolted onto the cathodes. Afteger to obtain various color tones from the same basic type of
ating.

evacuation, an inert gas (e.g., argon) to serve as the “Workiﬁ:q ddition t al h as titani d chromi |

gas” is admitted until a pressure of several timeg rhbar na é'on 0 “me ?.S,: such as (ljanlumhan _ﬁNrom;H?A?'

has been reached. A voltage of about-500 V is applied to tHgyS’ and even “exotic: compounds, such as 1IN or TIZrAl,
an also be sputtered. A wide range of materials can be de-

cathodes, and a gas discharge is struck in front of the cath®" . . ) A
osited using various reactive gases. The, at least in principle,

odes, resulting in the formation of a “plasma,” visible due td™ wall limited f materials that be d ited
its emission of optical radiation. This plasma contains nega\£Ir ue} >t/ un |rtn| € r%ngeho_ maferlals ? can be dep03|t_e
tively and positively charged current carriers (electrons anfjansiates into a wide choice of colors for use in decorative

; ; coating applications.
ions) in equal numbers. . . .
) g - Two or more cathode pairs can be installed, depending upon

The positively charged ions are accelerated toward the negtg'-e size of the system used, in order to

tively charged cathodes, and mechanically impact the titg- ncrease effective coating rates,

nium plates to dislodge (mostly electrically neutral) titanium be able to simply

atoms from them. These titanium atoms then impact near@aposit multilayer coatings (e.g., TIN covered with a final
objects, condensing out on them. The substrates are mov sh 9{?0ldda"93r/]),,’
through the coating zone (i.e., the area between the cathode etF’OS' tsalr<1 wic ¢

either once only at low speed, or several times at highecroa Ing stacks, or to

Fig. 3
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- enhance flexibility in 3.1 COLORS
coating operations (different coating materials can be em-
ployed). Their color tones represent by far the most important feature
- Sputtering methods allow engineering highly productive inef decorative coatings. Color schemes are probably the sim-
line coating systems, which, in turn, allow achieving very lowplest approach to creating visible product differentiations in
unit costs. the literal sense of the word. In discussing colors, we implic-
itly assume that the colors involved are “intrinsic colors” that
In view of these significant benefits in processing, it is onlyrepresent properties of the coating materials themselves or
fit that sputter ion plating has meanwhile taken over the posof their component elements. Excluded from consideration
tion of the leading method for depositing decorative hardire coatings whose colors are due to interference effects,
coatings. since their colors are strongly dependent on film thicknesses.
Films of uniform thicknesses cannot be cost-effectively de-
3. PROPERTIES OF DECORATIVE HARD COATINGS posited on complex shapes. In addition, natural wear also af-
fects film thicknesses, and reductions in film thicknesses due
The major demands placed on decorative coatings are:  to abrasion will lead to conspicuous gradations in color shades
appearing on exposed portions of coated articles over time.
- control of final colors (reproducible, uniform, color tones),

- resistance to wear, 3.1.1 GOLD TONES
- resistance to corrosion, and
- cost-effectiveness. Gold tones continue to represent by far the major decorative

colors, and this situation is not likely to change in the fore-
Note that only visual appearance (color tones) is solely gowseeable future. PVD offers the following alternatives for de-
erned by the coating processes employed. Resistances to wpasiting gold-tone coatings:
and corrosion are partly determined by the substrates them-
selves (substrate materials and geometries) (Fig. 4). Satis:deposition of gold alloy films,
factory coating results can often only be achieved by taking.deposition of titanium (carbo)nitride films, and
full account of the interactions of coatings and substrate3.deposition of titanium (carbo)nitride films, followed by a
and of the past histories of the substrates used. thin overlay of a gold alloy.

Requirements on Deco Coatings
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Thus far, only the third of these alternatives has found applifhis compound has long been known; however, it has hardly
cation on an industrial scale. Let us now consider these altefiny applications due to its extreme brittleness and low resis-

natives in detail. tance to corrosion. Such compounds can be fabricated into
targets and deposited by sputtering processes. The ability of
3.1.1.1 DEPOSITION OF GOLD ALLOYS sputtering methods to deposit compounds that cannot con-

ceivably be deposited by any other means offers opportuni-
Gold alloys can be deposited relatively simply using sputtetties that have thus far been largely ignored.
ing methods employing “purely metallic processes” [15]. The

color tones that result are solely determined by the comp@:.1.1.2 DEPOSITION OF TITANIUM (CARBO) NITRIDE
sitions of the gold alloys used. FILMS

The particular benefits of sputtering techniques compared thitanium nitride exhibits a gold-like coloration that can be
electroplating, for example, are due to the fact that there agntrolled by varying nitrogen content or by adding small
no real problems connected with stoichiometric depositiommounts of acetylene. Fig. 5 presents a color scale, superim-
of gold alloys having unusual compositions (e.g., AuTilO)posed on the CIElab-unit$ gositive: red-value; negative:
while maintaining the required degrees of color uniformity andyreen-value) and’positive: yellow-value; negative: blue-
color reproducibility. One characteristic of sputtering is thawalue) [16], with Swiss gold-tone standards [17] entered. Fig.
(for metallic processes) the composition of deposited coatingsshows that titanium carbonitride films can be given any stan-
invariably conforms to that of the target materials used. Thergard gold-tone by choosing suitable combinations of nitro-
are also-thus far little explored - options for depositing verygen and carbon contents. These types of coatings are, how-
ordinary types of gold alloys having unusual colorations. Thever, not necessarily suitable as gold-tone decorative coat-
intermetallic phase AuAl2, which which exceeds 18 kt. goldngs, since they have low brilliance in comparison to gold

content and exhibits a violet coloration, can serve as a (somghoys, giving them a somewhat greyish appearance.
what academic) example of what is meant here.

Colour of TiN,C Films

 Swess Gold Standarcs
[ e
o Coior =M - fiow + 0 H - flow)

Fig.5
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Brilliance is assessed in terms of tHevalue of the CIElab- This approach can also be used in solving the problem of the
units; it lies at about 88 - 91 for gold alloys, but only at aboutinacceptable brilliances of titanium (carbo)nitride films. A
74 - 76 for titanium carbonitride films. Fig. 6, which gives second film that provides the missing properties is added:
the wavelength dependence of their reflectivities, provides

further clues as to the origins of these differences in visualThe desired hardnesses and resistances to wear are obtained
appearances of gold alloys and titanium nitride. Meaningfulising films of titanium (carbo)nitride that also produce the
color values can be computed from these curves of reflectivitgtesired gold tones, but with unacceptable brilliances.
versus wavelength. It seems obvious that the reflectivity A very thin overlay of gold alloy is added to the film of hard
curves of gold alloys can be qualitatively approximated bynaterial to produce the needed brilliance. Gold films 0.05
varying the nitrogen and carbon contents of titaniumum thick are sufficient to fully obscure underlying substrates
carbonitride films. However, gold alloys have higher[19].

reflectivities over the entire wavelength range. The reason

for this is of a fundamental nature: differences in electroni@he obvious objection is that this solution is clearly unac-
structures [18] that will not be considered further here. Theiceptable, since the thin gold alloy overlay would rapidly wear
low brilliances mean that used alone these types of coatingé$f, so that the low brilliance of the underlying titanium
will not find application in the gold-tone coating area. Tita-(carbo)nitride film would soon determine appearances. Closer
nium carbonitride films, however, certainly have their usesanalysis indicates otherwise, however:

e.g., (with much greater carbon contents) in the decorative

red-brown coating area.

WANEE -|'._E tn

Fig. 6

3.1.1.3 DEPOSITION OD TITANIUM (CARBO) NITRIDE - Wear occurs first at exposed points (along edges and at cor-

FILMS, FOLLOWED BY A THIN OVERLAY OF AGOLD- ners), and is thus initially limited to small portions of the

ALLOY surfaces of coated objects. Since the underlying film has
nearly the same color tone as the overlay, these highly local-

The basic aim in applying any coating to solid objects is meetzed minor variations in brilliance due to wear go unnoticed.

ing different, often mutually contradictory, sets of require-- Since every surface exhibits microroughness, gold alloy

ments placed on basis material and surface properties.  overlays will wear off only at roughness peaks, if at all, and
any gold alloy worn off will be deposited in the intervening
valleys (Fig. 7).



Furthermore, abrasion is confined to small portions of th&.1.2 OTHER COLORS

total surface area, namely to surface roughness peaks, so that

any shifts in color tone remain visually imperceptible. $ TheColor tones are the major justification for using decorative
soft gold alloy acts as a lubricating film that effectively re-coatings. Fashion aspects of consumer products are acquir-
duces abrasion; the film is redistributed over the surface adifig greater importance under the pressure of growing needs
the object instead of being abraded away. In fact, a compositer product differentiation, and similar trends are emerging
coating of titanium nitride and gold alloy films was the sub-for professional and industrial products, all of which trans-
ject of a patent application [20] very early in the history oflates into constantly growing demands for new color tones.

the field.

Effect of Gold Top Layer

Typical thickness of gold top layer: 0.05 - 0.25 pm

aftar coating

| e

Fig. 7

- Au alloy

= TiN

- Subsirale

54

Modern PVD methods, particularly sputter ion plating, are
particularly good choices for meeting these needs.

The virtually unlimited range of materials that can be produced
using these methods also provides an enormous untapped
potential in terms of new color tones for use in decorative
applications. Fig. 8 presents a review of the films thus far used
in decorative applications. The following should be noted in
this connection:

- The colors available are primarily reddish-yellow and grey
tones. Blues and greens are lacking. The reason is once again
of a physical nature: films having intrinsic green and blue
color tones would have to have a very special type of elec-
tronic structure that cannot occur, at least not for the tita-
nium compounds considered here [18].

- On the other hand, it should be noted that all of the color
tones obtained using hard materials are distinguished by their
highly metallic, i.e., “regal,” characters. Bright colors cannot
be achieved using this approach, but would not suit these high-
quality “expensive looking” coatings anyhow, since films hav-
ing very bright color tones applied to metallic objects appear
“cheap,” like plastics.

- The black (hard carbon) film listed in Fig. 8 is a special
type, since, unlike all of the other coatings, it is electrically
insulating, and thus requires a special processing technol-

ogy.



Other Colours

Coatings Colours
CmN, metallic grey
TiN, light yellow-gold colour-brownish yellow
TiC(N, gold colour-reddish brown

(adjustable to any gold color tone)
TiZrN, gold colours
Au alloys gold colours

on identically coloured TiN,C, coatings

Decocoat 031-03 | brownish-yellow-violet grey-blueish grey
(based on TiAl)
Decocoat 036-038| reddish brown-copper coloured
(based on TiAl)

TiC, light grey-dark grey
i.C black
Fig. 8

Fig. 9 illustrates the breadth of color tones that can be cov-
ered using a single compound. This shows the various color
tones that can be achieved with zirconium carbonitride by
varying its nitrogen and carbon contents. Of course, one could
consider adding other metallic constituents, such as titanium
or chromium, to make still further color tones accessible. In
summary, we should remember that the opportunities for cre-
ating color tones using PVD methods have been used to no
more than a minor extent at best, and have by no means been
exhausted.
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3.2 CORROSION RESISTANCE The adhesions of coatings deposited using PVD methods never
presents any problems, thanks to the high performance capa-
The following factors are critical in assessing the corrosiomilities of ion etching (cf. supra).
resistances of decorative hard coatings: - Substrate materials may occasionally be designated as be-
ing corrosion resistant even though, strictly speaking, they
- All of the hard materials used are inherently highly resistarare not. An example is the stainless steel, often designated
to corrosion, and thus have high positive electrochemicdl2/12, that, e.g., is the material of choice for watch cases
potentials. due to its good machining properties. With its approx. 12 %
- The structures of films deposited using PVD methods amickel content and approx. 12 % chromium content, this steel
characterized by pronounced anisotropies: these films almrders on the austenitic region, and it also frequently con-
deposited as many small dendrites oriented perpendicular tains ferritic phases. Its corrosion resistance is often adequate
the surfaces of their underlying substrates. Films depositéd the uncoated state, but can deteriorate when the material is
in such forms are nonsmoothing, and closely follow any sureovered with decorative hard coatings. The reason for this is

face roughness features. the extremely high electrochemical potential common to all
- Decorative hard coatings are very thin (typically of 0.3 urmhard materials. The large differences in electrochemical po-
to 0.7 um thicknesses). tentials of coating materials and substrate materials can fre-

quently lead to formation of so-called “local elements,” which
Small defects, such as scratches, small pores, etc., on thentribute to corrosive attack at coating-substrate interfaces
surfaces of engineering materials are a fact of life that carfer corrosive attacks that take place through micropores. The
not readily be prevented. well-known “pitting” corrosion is the result.

Film deposition is affected where such occur, due to th&ubstrate materials, such as titanium or titanium alloys, hard
anisotropy of deposited films. Micropores originate, and arenetals, and high-quality stainless steels, that (except for
not covered over as films are deposited, due to the films beteels) cannot readily be electroplated are particularly suited
ing insufficiently thick. Micropores permit direct corrosive to coating using PVD methods. This makes it particularly clear
attack on underlying substrate materials. Thus, the substrateat PVD coating methods represent valuable complements
material or material underlying films must be considered irto conventional coating methods: they open the door to the
assessing the corrosion resistance of decorative hard coase of unconventional materials. This potential has been little
ings. This fact is often overlooked. exploited to date.

3.2.1 CORROSION-RESISTANT SUBSTRATES 3.2.2 NON-CORROSION-RESISTANT SUBSTRATES

If substrates themselves are of corrosion-resistant mateiGopper alloys, such as “German silver,” bronze, Monel, or
als, such as stainless steel, titanium or titanium alloys, haflitass, are used in many fields (e.g., in making watch cases,
metals, or Inconel, then substrate-film composites will meet¢yeglass frames, and parts for writing instruments) due to
corrosion resistance requirements typically demanded dheir good machining properties. The mechanism mentioned
decorative hard coatings (salt-spray tests, CASS-testapove, corrosive attack on substrate materials though
Kesternich tests, and resistance to artificial perspiration)nicropores in coatings, prohibits direct application of deco-
However, two important factors should be noted here: rative hard coatings to such materials. Sometimes it is not

enough to make these materials corrosion resistant using
- Under extremely adverse testing conditions (e.g., salt sprapnventional methods. Here is an example of what is meant:
tests extending over several hundreds of hours), corrosioha brass component is electroplated with a nickel or chro-
effects may occasionally appear. The causes involved amium coating, the coated component will pass all commonly
contaminants or cleaning agent residues residing on the swrsed corrosion resistance tests. If the same component is
faces of coatings. This also makes it clear that outstandirajso coated with titanium nitride (and a thin film of gold al-
coating adhesions can be achieved using PVD methods wittey), then corrosion effects will appear (in the CASS-test,
out need for perfect cleanliness of the surfaces to be coatdelg. 10).
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Effect of electrochemical
potentials on the corrosion
resistance of film systems

CONTOSION resistant CINTOSIoN rasisiant

Fig. 10

3.2.3 DEPOSITING ANTI-CORROSION COATINGS USING
PVD

Needs for adding anti-corrosion coatings using electroplat-
ing lead to production problems, and thus to costing obstacles.
An obvious approach would be to deposit anti-corrosion coat-
ings using PVD, since then entire coating complexes (anti-
corrosion overlay plus underlying decorative hard color coat-
ing) could be applied using a single system, thus greatly sim-
plifying production operations, while providing an economi-
cally attractive alternative. This task is simple enough to for-
mulate, but not so easy to convert into actual practice, since
a number of crucial factors are involved.

Anti-corrosion coatings deposited using PVD that are accept-
able from both engineering and economic standpoints do not
yet exist. Preliminary results in this area are shown in Fig. 11
[21]. The total surface areas of corroded spots were taken as
indications of the degrees of corrosive attack. The results
shown are the means taken over several corrosion test pro-
cedures. Marked differences are discernable, and are partly
due to the materials used, and partly due to the coating condi-
tions used in depositing them [22].

The cause here comes from electrochemical potentials: chro-

mium has a lower electrochemical potential than does nickeCorrosion Resistance of Various Materials

Local element formation thus cannot occur; corrosive attack

proceeds over large areas of the chromium film at low rate: ,...

and is visually imperceptible. Titanium nitride has a particu:
larly high electrochemical potential, so that the difference ir
the potentials of chromium and titanium nitride is large, whict
can lead to local element formation at micropore sites, an
an amplification of corrosion effects. Deposition of a 3-um
to 5-um thickness nickel film followed by a 1-um to 2-um
thickness palladium-nickel film brings significant improve-
ment. The type of corrosion protection film needed will de-
pend on requirements. In some applications, a simple nick
film of about 5 um thickness will be adequate, while in oth-
ers an additional chromium film will be required, and in still
others the palladium-nickel film mentioned above will be
required.
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3.3 WEAR RESISTANCE Schematics of a
Tribological System

Even consumer products are subject to wear in normal use,

due to factors such as clothing fabrics rubbing against wris |

watches, including the effects of the dust particles that ar |

likely to be find their way between fabrics and wristwatches |

or due to cleaning house-hold utensils, such as tablewar i Sty

with cleaning agents. These examples are sufficient to ind |

cate that the type of wear is highly dependent upon the typ:| I B

of articles involved, their nominal uses, and the types of trea inter- [ SN o o T e
ment they receive. medium = r—d

The degrees to which articles wear are affected by a mult
tude of factors [23]: the types of materials and the surfac
properties of objects with which the articles come into con
tact, the forces acting, the relative speeds of motion involve:
whether any intervening media (“lubricants”) are present, th
natures of any such media, and so on. This complexity is i
lustrated in Fig. 12. Thus, the films on coated articles are but

one of the many factors involved in determining how, and-ig. 12
how much, the articles will wear.

It follows that:
Principle of Taber Abraser Tests
(schematic) - No general statements can be made regarding the increases
in wear resistances due to applied coatings; any statements
on this subject must necessarily refer to a specific set of
conditions only.

i "‘* F=5M - The best way to assess the wear resistances of products is to
N X subject them to testing under conditions of actual use, since
m‘_ﬂ = the wearing factors are precisely those they will normally

e encounter. Currently demanded for high-quality consumer
- , products is that they retain their original appearance after at
least five years of normal use and contact with natural corro-
/ sion. This means, among other things, that any coatings ap-
plied must not wear off, even locally, exposing the underly-
ing material, over this period.
There are thus a whole series of various test procedures for
100 rpm/min — roll material: SC-10 accelerated assessments of wear resistance intended to simu-
late the wear that occurs under conditions of actual use. The
utility of such test procedures has been empirically con-
firmed, but should always be additionally confirmed by “real”
Tops simis and state of testing under actual conditions of use, particularly whenever
; : articles themselves undergo any major changes (e.g., new
Wiear parficies not materials are used) or their uses change (e.g., different types
s——— ol e of contact or contacting materials come into play). One would

Te . logically expect articles having decorative hard coatings to
of ersironmant be highly resistant to wear.

i - ¢
|
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This is frequently, but not always, the case. Here are two eXpn with respect to one another. If the surfaces of both of two

tremes to illustrate what is meant here: objects in contact with one another have been coated with
such films, high rates of wear will be the result. This example

- Films of TiN less than 0.1 pm thick are extraordinarily rejngicated that hardness and wear resistance are two distinct

sistant to abrasion by polishing wheels. _ ~ properties, and that hardness alone does not necessarily pro-
- However, many of the hard materials, such as TiN or TiAINyide resistance to wear.

used as decorative coatings exhibit high coefficients of fric-
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The principle behind another procedure for measuring wear

PVD x Au-TiN B%wvo resistance used, e.g., in the watch industry, is shown in Fig.

iy E ’.rr- Au ‘J"Jr 1ocd 15. Again volume losses are taken as measures of wear resis-

o e e e tances. Fig. 16 presents these for several coatings as func-
_ AW tion of the testing periods [25]. The results of Fig. 14 are
[mmd) apparently confirmed: volume losses of decorative hard coat-

ings subjected to this testing procedure are more than an or-

der of magnitude less than those of even the best electro-

plated gold platings.
15 % For a given sample, volume loss is a measure of the depth of
coating wear. Thicknesses of decorative hard coatings can
thus be about a factor of 10 less than for electroplated coat-
ings. This confirms the rule of thumb stated above (cf. Sec-
tion 3.1.1.3), but its validity must be restricted to the testing
methods described here for the time being. In fact, such thin
films have been found to be adequate in actual practice: for
eyeglass frames and writing utensils films are typically 0.3
pum thick, and for watchbands and watch cases they are typi-
cally 0,5 um to 0.7 um thick.

4. DEVELOPMENT TRENDS
LT
Expansion of the applications base for decorative hard coat-
ings is contingent upon overcoming the existing restrictions.
Several approaches to this objective have been mentioned.
" Here, we will merely summarize current development trends;
-1 their detailed treatment will be deferred to a later article.

g 1 ' - Reductions in coating costs due to use of more efficient
sputtering sources. As laboratory results show, new types of
Fig. 16 sputtering sources allow increasing specific sputtering rates
by at least a factor of 3 compared to the sources used thus
The significantly improved wear resistances of decorativdar. This means that coating costs (for the same sets of con-
hard coatings compared to conventional types of coatings calitions) can be reduced to half of their current levels. This
be illustrated through two examples. Fig. 13, together witlwill open up new application areas, even areas involving larger
its explanatory text, schematically depicts the idea behindems other than more sophisticated consumer products (e.g.,
so-called Taber- abrasion testing. If we take the volume lossésiilding hardware and fittings, door knobs, etc.).
sustained over a certain testing period are taken as measurddentification of compounds of hard materials that will yield
of total wear, then we arrive at results similar to those aprew color tones, both gold tones and others. The brilliances
pearing in Fig. 14 [24]: of gold-tone hard coatings can be markedly enhanced through
improvements in processing methods and careful choices of
- (Metallic) gold films deposited using PVD methods exhibitmaterials. The “brilliance gap” relative to gold alloys is being
resistances to wear identical to those of electroplated golgradually closed.
plaques. There appear to be special electroplating procedure$he ability to coat large items. The new sputtering sources
that are able to increase gold’s resistance to wear. mentioned above will permit applying uniform coatings to
- The volume losses observed for decorative hard coatindgrger items using the dual- cathode configuration. New ap-
are two orders of magnitude less than for electroplated golgyoaches to coating large items (not based on the dual-cath-
and an order of magnitude less than for electroplated nickebde configuration) are being pursued in parallel.
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- Deposition of anti-corrosion coatings employing PVD meth{12] W. D.Munz and H. Jehn: “Grundlagen und technische

ods. Realisation von PVD-Prozessen,” in H. Fischmeister and H.
We reported on this subject in Section 3.2.3. The first promdehn (eds.): Hartstoffschichten zur VerschleiBminderung,
ising materials are currently undergoing testing. Oberursel (1987), pp. 129-158.

- Reductions in coating temperatures. Reactive deposition fif3] W. D.Miinz and G. HeRberger: “Herstellung von harten
hard materials always involves dissipation of energy in theitannitridschichtermittels Hochleistungskatodenzerstaubung,”
items being coated. The sources of this energy are liberatggerkstoffe und inre Veredlung 3 (1981).

binding energies, ion impacts, and impacts by so-called “fas{i4] Patent No. DE 31 07 914 dated 2.3. 1981, entitled:
moving neutral particles” (coming from the sputtering cath-Verfahren und Vorrichtung zum Beschichten von Formteilen
odes). This can lead to substrate temperatures exceediggrch Katodenzerstaubung.”

300°C for coating thicknesses of 1 um. In the meanwhile, i15] R. Ried!: “Hartstoffbeschichtung von Armbanduhren
has been demonstrated in the laboratory that 1 mm coatingsit Farbanpassung an genormte Goldténe,” Galvanotechnik
can be deposited using certain types of arrangements withagg (1989), pp. 3391-3397.

substrate temperatures exceeding 130°C. If this processifgs] W .Schultze: Farbenlehre and Farbenmessung, 3rd ed.,
technology can be transferred to production scales, then neBerlin-Heidelberg-New York (1975).

avenues into numerous and varied application areas in t€7] NIHS-03-50 (July, 1961).

coating of (pre-electroplated) die-cast zinc and plastic parfgg] A. Neckel: “Recent Investigations on the Electronic

will be opened up. Structure of the Fourth and Fifth Group Transition Metal
Monocarbides, Mononitrides, and Monooxides,” Int. J. Quan-
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