B FOCUS: Vacuum Deposition

Decorative Finishing
Using PVD

A pilot production program was formed to test a new way of applying a
decorative finish with a polished-brass look...

By Brent Lee, Ph.D.

Vacuum Plating Technology Corpo-
ration

San Jose, California

Building hardware manufacturerstance and attractive color, TiN plated
formed a pilot production programsurfaces open up many new applica-
to test the applicability of physicaltions in consumer oriented products.
vapor deposition (PVD) for their parts. The objectives of the pilot pro-
Several of these hardware manufaagram were 1) To provide an excellent
turers had previously tested the techfinish and lifetime warranty for con-
nology and found more reasons nosumers, and 2) To eliminate some of
to use the process than reasons to uttee toxic chemicals from the plating
it. process. Because of the improvements
Arc plasma physical vapor deposiin PVD, the cost of production is
tion (PVD/ARC) is a vacuum plating estimated to be lower than that of
technigue where metal vapor in highlyelectroplating. Physical vapor depo-
ionized plasma is generated by use dfition technology has helped high-
electric arcs. Reactive deposition oftech industries because, unlike con-
titanium nitride (TiN) and titanium ventional plating methods, the de-
carbide (TiC) are presently the mosposited material is a metal or alloy.
common applications. No toxic chemicals are involved in
The most extensive research anthe process.
widely implemented application of However, some of the major prob-
arc deposited plating is as a wearlems associated with the PVD pro-
resistant finish on cutting and form-cess are the restricted size and shape
ing tools. TiN coatings also have af the components and slow produc-
rich color that closely simulates brasgion rates. Improvements in the tech-
or real gold. With the combination ofnology, using cathodic arc plasma
abrasion resistance, corrosion resifCAP) technology, provided a high
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deposition and ionization rate as welvacuum pumping system. The
as low-temperature operation. chamber’s interior dimensions are 40
In the pilot program, the supplierby 60 inches. This system has eight
provided coated square panel platesathodes in order to achieve opti-
for manufacturers to test. The manumum uniformity of coating.
facturers carried out their own tests Coating chamber. The coating
on these panels. When the resultshamber is made of stainless steel
were positive, the manufacturers senwith a double wall for water cooling.
the supplier a small quantity of com-A front door for loading and unload-
ponents for further testing. ing also provides access for cleaning
Manufacturers were cautious beand maintenance. Two view ports are
fore purchasing any PVD equipmentmounted on the front door for visual
even after sample testing, compoinspection. A shutter behind the view
nents testing and plant visits. How-port keeps the glass window clean
ever, their confidence was eventuduring operation. Cathodes are
ally won. mounted oreither side of the cham-
Technology.CAP is a branch of ber wall. The back of the coating
physical vapor deposition technol-chamber is connected to the pumping
ogy used for decorative coating.  system. The fixturing system, includ-
Various metallurgical thin films com- ing a planetary rotation system for
bat wear, chemical corrosion, andacks, is mounted on the top.
protect against high temperatures Pumping system.The pumping
and the environment. CAP depositsystem consists of two mechanical
compounds such as nitrides, oxidegumps, one base pump, two diffusion
carbides and mixtures. Some opumpsandaseries of pipes and valves
the coatings most frequently usedhat connect the pumps together with
are TiN (titanium nitride), TiC (tita- the coating chamber.
nium carbide), ZrN (zirconium Pumping is done in three stages.
nitride), CrN (chromium nitride), First, the mechanical pumps pump
their mixtures, and sometimes, withthe chamber to low vacuum (rough
multi-layers. pumping). Second, the base pump
In the CAP deposition process, parthen will pump to chamber to me-
of the cathode is evaporated by thdium vacuum. The base pump adds
action of vacuum arcs. The basic comefficiency and pumping speed. Fi-
ponents consist of a vacuum chambenally, the diffusion pumps will pump
cathode assemblies, arc power suppthe chamber to high vacuum. The
systems, bias power supply, contromechanical pumps also serve as a
panels, water-cooling system, combackup pump for the base and diffu-
pressed-air supply system, and aion pump, which is the high-vacuum
vacuum pumping system. pump.
A typical system has eight cath- Fixturing system. The planetary
odes. This system includes a vacuunotation system supports six fixtur-
chamber, cathode assemblies anidg posts and is driven by a variable-
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speed motor. The planetary systerfiguration. To sustain the arcing, the
provides two degrees of motion forminimum current is about 40 amps
each of the fixturing posts, self-spin-and 60 amps for titanium and zirco-
ning as well as circling around thenium, respectively. Low current is
chamber. Consequently, uniformpreferred for fine-grain-size deposit.
coating is achieved. The drawback of low current is that
The automatic pressure controllethe arc spots traveling on the surface
maintains a constant gas pressure iof the target are not stable and extin-
the chamber during deposition. Twaguish easily. This arc can be restarted
gas channels are allowed for argoautomatically.
and nitrogen. A thermocouple ther- Maintaining high-quality coating
mal gage is used for low-vacuumconsistently requires a reasonable
measurement, and an ion gage is usedntrol of the coating room environ-
for high vacuum measurement. Bottment. Humidity, temperature and
readings are shown on the controlleparticulate levels within the coating
display. facility affect the cleanliness of the
Bias power controller. A bias parts to be coated. Specification of
power supply provides electrical po-the cleaning equipment, materials and
tential bias between the cathodes angrocedures for preparing the parts for
the substrates. As aresult, the chargdthishing is critical to ensure quality.
particles emitted from the cathodes Table | outlines the coating per-
will gain acceleration from the elec-formance specifications as required
tric field and deposit onto the sub-by the Builders Hardware Manufac-
strate with high kinetic energy. Thisturers Association, Inc. in ANSI/
kinetic energy turns into bondingBHMA A 156.5-1992, intended for
power, which ensures good adhesiorarganic coatings. Also listed in Table
Local area arcing due to out-gast is the required performance of
sing on the substrate surface duringacuum deposited coatings.
deposition may damage the quality To testthe performance of the CAP
of the coating. The bias power consystems, numerous runs were used to
troller has an arc suppression circuitest the uniformity of the coating
to minimize local area arcing. characteristics within each part and
An arc-power-circuit-supply con-  from part to part as well as through-
troller for the cathodes has eight setsut the chamber and from run to run.
of controllers, one for each cathodeThese tests were performed on small,
Three parameters are displayed anehedium, and large parts.
can be adjusted: the current of the The team members of the pilot
cathode, arc restarted with automatiprogram were able to coat products
restart circuit, and water cooling forthat passed all the tests within the
cathodes. The voltage between théme frame set by the manufacturers.
anode and cathode is about 20v de- Some disagreement on cleaning
pending on the anode-cathode comprocedure in the early stage of the
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program caused some coating fail-
ure. However, once the correct clean-
ing procedure was used, coatings
applied using PVD equipment ex-
ceeded the specifications with TiN
test (see Table ).

To avoid future misunderstanding
with customers regarding the clean-
ing process, a substrate pretreatment
system was designed specifically for
PVD deposition.

Thin TiN coatings are producing
dramatic increases in tool life and
productivity in numerous industrial
applications. The flexibility of the
process, its capability to deposit met-
als at high rates, and the qualities of
the finish, make PVD/ARC an attrac-
tive low-cost, high-quality surface
finish for decorative hardware.PF  (See hard copy for Table 1)

Reprinted with permission from the
The author would like to thank Mr. Sixteenth AESF/EPA Conference
Liu Yougoung for his technical sup-Proceedings, February 13-15, 1995.
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More Information?

To obtain more information on products
or processes mentioned in this article,
circle corresponding numbers on the
Reader Service Card.
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To request an additional copy of this
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“Reprints,” ¢/o PRODUCTS FINISHING,
6600 Clough Pike, Cincinnati, OH 45244,
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TABLE |—Required Performance of PVD Coatings

BHMA Test (Ref ANSI/BHMA A156.18-1993 Test Procedures)

Procedure Required Required with TiN Test

Salt Spray 96 Hrs 1000 Hrs ASTM B 117-90
Humidity 240 Hrs 1000 Hrs ASTM D 3359-78
Pencil Hardness (gouge) 4H 6H BHMA A156.18
Perspiration 4 Cycles 4 Cycles BHMA A156.18
UV Resistance (proposed) 144 Hrs 500 Hrs ASTM G 53-91
Tabor Abrasion (proposed) 500 Cycles 1000 Cycles ASM D 4060
MEK 100 ASTM D 4752
Scratch Resistance 4H ASTM D 3363
Color CIE lab
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