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Physical Vapor Deposition (PVD) includes vacuum evaporation, sputtering, and ion plating. PVD
processes are used to apply functional hardcoatings and decorative thin films. The most widely
used coating is titanium nitride (TiN). Other coatings successfully commercialized include titanium
carbonitride (TiCN), chromium carbide (CrC), chromium nitride (CrN) zirconium nitride (ZrN). and
titanium aluminum nitride (TiAIN) Coating applications include cutting and forming tools. and
plastic molds. CrC and CrN can be a direct replacement for chromium plating for decorative
applications. Coatings are applied to prostheses as well as surgical instruments. There are a wide
range of decorative applications PVD coating processes, properties of coatings. and
commercialized applications are reviewed.

Reprinted with permission from the Society of Vacuum Coaters {SVC)
from the SVC 3%th {1996) Annual Technical Conference Proceedings.
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Physical Vapor Deposition

Physical Vapor Deposition describes a family
of coating processes. PVD produces surface lavers
that arc the result of the deposttion of individual atoms
or molecules. All PVD  processes are carried out
under a hard vacuum. Workpieces are heated 1o tem-
peratures generably less than 500°9C (9309F). Heating
is dong to enhance coating adhesion,

PVD includes evaporative and spultering
processes. During sputtering. argen is admitted 1nto a
vacuum chamber at relatively low pressure. A DC
high voltage is applied to the target which creates
a gas discharge between the target and substrate
holder. Argon ions that have been created dunng the
discharge strike the target with high energy. The ions
free atoms from the target which are then transported
to the substrate. These atoms become deposited as a
thin film.

PVD evaporative processes consisls of heat-
ing a source material in a high vacuum. This pro-
duces a vapor. The vapor condenses on the substrate
as a thin film. lon plating. which is an evaporative
PVD process. uses an electron beam gun 1o melt the
source. The introduction of an inert gas at low pres-
sure creates a plasma discharge between the source
and the substrate. The ions impinge the substratc
surface during depositien resulting in changes in the
interface region. and improving film properties. A
negative bias on the substrale enhances coaling
adherence. To produce compound coatings. the ions
are reacted with a gas (like nitrogen or methane) to
produce a nitride or carbide. This process is known
as reactive lon plating.

All PVD processes are line-of-sight proc-
esses. To obtain coating uniformity. it 1S necessary
10 use specially shaped targets or multiple vaporiza-
lion sources and 1o rotale or move the substrate uni-
formly 10 exposc all arcas 1o the coating source.’

Functional hardcoatings are typically depos-
itcd by cvaporative type coating PVD processes. Thin
films for decorative applications arc applied by sput-
tering processes. although cither process may be

adapted for cither calcgory  of  coatings.

Charactenstics of PVD coating processes are shown in

Table I.

In order (o achicve good coating adherence
it 1s necessary for substrate surfaces o be frec from
any contamination. The slightest amount of grease.

dust. grinding burn. and finger prints can rcsult in
poor adherence. Parts 10 be PVD coated arc nor-
mally first bulk clecaned in mulii-station ultrasonic
cleaning lines. The cleaning ine includes a serics of
wet chemical ninscs. usually detergents or solvents.
Ultrasonics arc used to activaie the surface of the
components being cleaned and assist in removal of
contaminants. Drving of parts is necessany o climi-
nate anv water spots. Hot air dryers arc cquipped
with micropore filters 1o prevent dust  f{rom
depositing on the cleaned surfaces. While most pre-
coating cleaning methods are satisfactory. somc parts
that are to be coaled cannot be adequately cleancd. If
components have been trcated with a plastic rust
preventive or salt bath heat treated where residual
salt remains on the surfaces. spectal cleaning meth-
ods mav e required to promotc good coating
adherence.

Phvsical Vapor Deposition

1. Low teniperature coating process carried out at
less than 500°C (930°F).

2. No post coating heat treatment.

3. Functional coatings deposited to 2 to 3 microns
thick: decorative coatings about 0.2 to 0.3,

4. Mechanical bond formed between the coating
and substratc surfacc.

5. Coating process replicates the surface finish of
component onto wiich 1t is deposited.

6. Process maintains sharp corners: no build up
on corners as with clectroplating processcs.

7. Broad range of materials can be deposited onlo
a wide variety of substraics.

8. Tight tolerances can be maintaincd.

9. Process is suilablc for coating brazed matcrials.

Table 1: Characterisiics of PVD coaling processcs.
Properties of Hardcoatings

PVD allows for the deposition of a wide
variety of clements and compounds. Rcfracton
materials may be deposited at temperatures below their
meliing point. For sputicring processes. virtualkhy am
matertal may be deposited (provided that it is available
as a target). Compounds deposited by cvaporative
reactive 1on plating arc limited by the ability of the
source metal (o be conveniently vaporized.

For functional applications. the coatings arc
deposited to a thickness of 2 to 5 microns. (Dcposition
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to a thickness greater than 5 microns does not usually
cnhance coating performance.) Decorative coatings
arc generally 0.2 to 0.7 microns thick

The structure of deposited thin films deter-
mines their properties. including color. Properly
applicd coatings deposited by physical vapor deposi-
uon replicate the surface onto which thev arc depos-
tted. A coating that is deposited on a smooth. highly
polished surface will have a mirror-like appearance.
The same coating deposited on a matte fimshed sur-
face (for cxampic. a surfacc that has been vapor
honed) will in turn have a matte finish.

Element Malerial Film Color
Nitrogen TiN Gold (Yellow)
ZrN Gold (Green)
TiAIN Violet/Black
CrN Stlver
Carbon TiC Silver/Gray
CrC Stlver
Carbon + Nitrogen TiCN Bronze/Gra_\"

Table [I: Common compounds reacted from metallic
clements and nitrogen and carbon.

The harder a material. the better 1ts resistance
to abrasion. Table IIl is a comparison of the hard-
nesses for different functional hardcoatings and com-
monly used substrates.”

Material Hardness (HVN)
Titanium Carbide 3400
Vanadium Carbide 2800
Tianum Nitride 2600
Nicbium Carbide 2400
Chromium Carbide 2200
Cemented Carbide 1600
Chromium Nunide 160t

Tool Sicel 900

Table 111 Hardnesses of different functional hardcoat-
thgs.

s

TiN. the most common funcuon hardcoating
is shimv gotd in color and has a hardncss of 2600
HVN. The coating acts as a chemical and thermal
barrier between the surface onto which it ts deposited.
and the environment.  TiN has a low cocfficicnt of
fricuen that helps to prevent galling and metal prck-
up. TiC is among the hardest of the coatings depos-
ited by PVD. [t is silver-gray in color. often resem-
bling the metallic surface of the uncoated component
onto which it 1s deposited T:CN ranges tn coior from
bronze to silver-grav. The color is determined by the
amount of carbon present in the compound. The morc
carbon. the grater the tendency of the coaling 10
appear grav in color,  As a deceratinve coating. TiCN
was developed for its close resemblance to bronse. For
functional applicatons. TICN is used for machiming
stainless steel. high hardness steels and high alloy
materiats. CrC 1s stiver in color. When titanium or
aluminum allovs are machined with tools coated with
TiN. there is a tendency of the aluminum 1o cheni-
cally react with the nitrogen tn the coating. This
causes the ool to pick-up metal. CrC 1s cffective for
machining aluminuim as 1t s difficult to form aiumi-
num carbide. Titanium allovs, like Ti-0Al-4V contun
aluminum, hence CrC s effective for machining these
materials as well. CriN is also silver in color. and can
be an excellent subsutute for chromium plating. This
15 a significant benefit of PVD coatings. as there arc
no cnvironmental concerns associated with these proc-
esses. ZrN ranges from vellow-gold (o brass in color,
depending upon its stochiometry. It has mechanical
properties similar to TiN. While not commercially
popular as a functional coating. its use as a decorative
coaling. particularly on brass hardwarc is extensive
TiAIN 15 violetblack in color. When used on cutling
tools. it 15 believed that the aluminum in the coating
oxidizes. providing high temperature protccuion to the
tool. thereby extending tocl hife.

PVD Coating Applications
Cutting Tools

Among commercial applications for PVD
coatings. cuiting tools arc among the moest significant.
Improvements in tool life for PVD coated 1ools range
from two to cight nmes over uncoated tools

Tools that are routinch PVD coated for
extending their tool life includc:

Taps Millig Insents
Drills Gear Cutting Hobs
Reamers Shaper Cutiers
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End Milis Broaches
Dovetail Form Tools Circular Form Tools
Threading Tools Routers

Counter Sinks Counter Borcs

Saws

The coatings discussed above have in com-
mon abrasion rcsistance. adhesion resistance. excellent
lubricity and corrosion resistance.

PVD Recommended Machining
Coating Applications

TiN Free machining steels and irons. high
strength steels. plastics. hard rubber.

TiCN Tough machining stcels. cast iron,
abrasive materials.
CrC Aluminum and titanium alloys.

TiAIN Cast irons. abrasive matenals. dry
machining,

Table 1V: Machining applications for TiN. TiCN.
CrC. and TiAIN.

PVD coatings arc not onky applied to high
speed steel cutting tools but to cemented carbide
inserts as well. The use of PVD coatings to proteci
carbide milling and turning inserts is growing with
virtuallv all inserts receiving a prolective coating
(either CVD or PVD). Feawres of the coatings that
allow them to cnhance the performance of cemented
carbidc tools include the following:’

1. The smooth surface finish of the coatings
coupled with their thermal insulating propertics gea-
crate less heat during machining. hence prevent the
cutting cdges from breaking down.

2. The low wemperature of deposition pre-
serves the transverse rupture strength of the carbide
as well as prevents the formation of cta phasc. a car-
bon-lean brittle phase.  Both conditions can lcad to
premature toot lailure,

3. PVD coatings can be applicd 1o sharp
corners. resulting in {ower cutling forees.

Properly designed cutting tools fail by wear.
cither adhesive or abrasive. PVD coated thin films
act as a chemical and thermal barner between the
tool and workpiece. The hardness of the coating pro-
vides abrasive wear protection: the chemical stabthity
provides protection from adhesive wear. One of the
more interesting applications for coalings on cutling
tools arc tools used in the wood working industry.
The coating adds chemical resistance to the surface
of the 100l preventing bonding of resins and 1 the
casc of plvwood. binders. from bonding e the (00ls.

The improvement in life gencrally obscrved
for PVD coated culting tools is a minimum two (o
cight times over uncoated tools. The rcal signifi-
cance of the coaungs however. is the assocuated
increase in productivity and enhanced manufacturing
economics. For the case of manufacturing automo-
live gears. PVD coatings on gear hobs. shapers. and
broaches have rcduced tooling costs significanty.
Several automotive companics have installed their
own PVD coating cquipment to take advantage of
recoating. Recoating sharpencd. coated tools alfows
for the recapture of 1ool life that is lost by removing
the coating from the cutting edges during the sharp-
Cning process.

An addiuonal fcature of the coatings is that
they arc generally applicd in compression.  The
compressive stresses associated with the thin films
serves 1o increase the fatigue strength of the compo-
nents. It is common 10 apply PVD coatings as mul-
tilavered films to take advantage of the diffcerences in
compressive stresses of the individual layers. These
differences allow cracks to blunt at interfaces. rather
than prepagate through the coating, defaving the on-
set of 100l faliure.

The bencfits of PVD coatings on cutung
tools can be summarized as follows:”

. Extended Tool Lifc: Improvements in
ool life as great as cight times over uncoaled tools
arc commonly observed.

2. Morc Regrinds: The coating docs not flake
and maintains adhesion throughout the enure life of
the tool. cven under scvere wear conditions.  The
coaling remains securc on rake faces and wear lands
that permit nunimal stock rcmoval for sharpening.
Less material is removed per sharpening. at east
0%,

3. Increased Cutting Speeds and  Feeds:
Speeds and feeds can be sigmficantly increased over
uncoaled 100fs. 1 gome cases by as much as 0%,



4. Improved Surface Finish: The chemical
resistance of the coatings prevents welding of the
tool to the workpiece This means that galling and
tearing arc cffectively eliminated. producing better
finishes.

5 Increcased Up-time: Coated tools last
They stayv in the machine longer than therr
There is more time between
thercfore  up-time s

longer
uncoaled counterparns.
sharpening and regrinds.
increased.

6. Pant Tolerances: Coated tools do not wear
as quickly as their uncoated counterpans. hence they
hold tolerances longer. Tool life 1s not dictated by
wear of the 1ool. hence the tolerance distribution 1s
much tighter for the coated tools.

Metalfornnng (Punches and Dies)

Coatings arc commonly applied 1o the sur-
[aces of punches and dies to extend therr life. The low
coefficient of friction associated with the coatings.
allows for the reduction and elimination of the use of
dic lubrication and draw compounds. As the cost asso-
ciated with degreasing to remove residual draw com-
pounds increases due to environmental impact. the use
of coatings for these applications is becoming more
important,

TiN - PVD
Coaled

Operation Uncoated

Forming AIS] 8620 steel
sockets using CPM T-135
hex head punches.

20.000 40.000

Punching low carbon
steel sheet with M-4
piercing pins.

150.000 750.000

Pierce and Shave /47
thick 1095 stecl with M-4
tools

(28}

3.000 125.000

Manufactunng spark
plug bodics. using sohid
carbide punches.

4.000) F2.000

Forming scat belt latches.
M-2 finc blanking 3.000
punches. |

[R]

65,0100

Table V' Tvpical production results for TiN - PVD
coated slamping 100ls.

Table V' shows is a summan of sclected
applications showing tool lifc mmprovement for TiN

coated 1ools used 1n the metai stamping industn

A

As 15 thc case with metal cuting. the
improvements 10 tool hife and productivity arc sig-
nificant.  The chemuical resistance of the coatings
provides protection from galling and metal pick-up.
which can lecad o premature tool failure. PVD coal-
ings are applied at low cmperatures, normally below
the tempering lemperature of steels used to make
punches and dics. This mcans that tool dimensions
do not change as a result of the PVD coating process
Fine blanking tools and other tightly toleranced
stamping 1ools arc cxcellent candidates 1o benefit
from PVD coatings

Plastic Molds

TiN and TiCN are used in the plastic mold
industry. protecting molds. gatcs. screws. ups. corc
rods. and other associaled mold componcnis.  Mam
plastics arc abrasive. parnticularly thosc using glass-
filled restns. The hardness of the coating provides
abrasion resistancc 10 mold surfaces. enhancing per-
formance. Polvcarbonatc plastics. such as thosc used
for optical applications. are particularly corrosive The
use of TiN and TiCN for the production of clear plas-
tic lenses has provided a (ool fifc performance of up 10
cight times. When the TiN coating has worn away . il
is evident to the operator. This ts not the case with
chromium plating. TiN and TiCN may bc nondestruc-
tively removed. allowing the tool to be repolished. and
then recoated to provide addiuonal Life improvements
The coaung perfecthy  replicates the high  polish
required for (he opucal fimsh associated with the
molded products.

An additonal plastic mold apphlicauon 1s
the protection of compact disc mold ¢mirror block)
surfaces.  The coatings replicate the surface onto
which they are deposited. Compact discs requirc an
extremely high surface finish particularly  for
retention of data on molded surfaces. The molds
must have cxcellent release  properties. Carelul
polishing 1s carried out 10 produce a surface that s
flat and parallel with a 0 RMS fimish. Visual inspec-
tion utilizing low powered microscopes ensurcs that
all surface imperfcctions have been  removed.
Compacl disc nurrors and other associated mold
components are normally coated using reactive 1on
plating  This process ensurcs that the coating pro-
duced is frec of porosity and defects. The usc of
TiCN in place of TeN for this application is growing
The hugher hardness of TiCN is providing signili-
cant mirror lifc improvements over components that
were Tormerhy TiN coated

-
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Alwminum Die Casting Molds

CrC has demonstrated to be an effective
coating for protecting aluminum die casting molds.
The corrosion resistance of this coating senes o
delay the onset of soldering that 1s a common failure
mode for die casting molds. Reported improvements
in ool life for CrC coated molds. core pins. and
related hardware is on the order of threc times that
of uncoated components. The high oxidation tem-
perature of the coating coupled with its hardness also
aids in improving mold component life.

Wear Components

There are numerous applications for thin film
PVD coatings as wear coatings. These include coating
gears and bearing surfaces. Additional applications
exist in the automotive industry. such as antilock brake
system (ABS) and fuel (gasoline and diesel) injector
components. Coatings have improved properties over
traditional steel surface treatments like carburizing
and nitriding. The large quantity of components
available for coating has also scrved to reduce the
pricc per picce for the coating making economics
atractive. Additional uses for the coatings are chemi-
cal ball valves and seats to provide corrosion and
abrasion resistance. and jet engine compressor blades
where the coatings provide enhanced erosion
resistance.

Medical Applications

The combination of mechanical properties of
TiN. particularly wear and corrosion protection has led
medical researchers to apply TiN and other coatings
onto prosthetic implants. An additional benefit of the
PVD coating process is that the coatings are applied in
compression. Increasing the compressive strength of
components results in a corresponding improvement in
low cvcle fatigue life. When coated. prosthetic
implants. like hips. knees. and other joints have shown
a threc times improvement in life. This is significant
when considering the age of patients who undergo
Joint replacement surgery.

Other applicattons in the medical indusiry
include surgical tools where the combination of high
hardness and corrosion protection play a kev role in
extending the life of these lools. Duc 1o glare present
in the operating theater. significant to the success of
coatings is the requircment that they be non-reflective.

0

Decorative Applications

The usc of PVD for decorative applications
1s increasing and is driven by 2 number of factors.
These include:

1. The ability 10 compete [avorably on an
cconomic basis with decorative clectroplating proc-
esses. particularky in light of environmental consid-
crations.

2. Production of a broad range of colors.

3. Corrosion resistance equivalent 1o or
better than that of the coaling processes being
replaced.

4. Usc of less cxpensive substralcs.

The list of decorative applicattons for PVD
coatings is extensive. These include watch compo-
nents including bands. jewelry, cveglass frames. ciga-
rette lighter cases, pen parts (barrels. clips). knives.
and other accessoriecs.  Also included in this list arc
brackets used for orthodontic braces. where gold is a
desired alternative to the silver colored stainless stecl
tvpically used for these components.

Among the driving forees for PVD coating
over traditional ¢lectroplating processes arc cnviron-
mental considerations. PVD processes arc cnviron-
mentally safe. with virtually no pollution produced
by the process.

Onc of the more interesuing and widespread
applications is brass hardware. particularly door and
window hardware and faucet panis. Whilc brass
hardware is attractive. the corrosion resistance of brass
15 somewhat limited.  Unlike copper. which develops
an attractive and uniform green patina on weatherning,
brass turns a dull dark brown. In order to mamtan
the attractive finish of highly polished brass hardwarc,
it requires continual polishing. The recent introduction
of zirconium nitride PVD coating onto brass hardwarc
has allowed suppiicrs of thesc componcnis to offer
“lifetime”  guarantees on  surface finish.  When
deposited 10 the appropniate stochiometry. ZrN has a
finish that perfectiv matches that of brass. 1f has ex-
cellent corrosion resistance. and thercfore performs
well in the application,

Another interesting decorative application
for PVD coatings is the coating of jowelny. TiN has
an appearance that resembles gold. It has the further
advantage of abrasion resistance.  Substiluting stain-
less steel for gold offers a significant cost saving.
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Stamnless steel has high hardness. and excellent cor-
rosion resistance. TiN coating the stainless steel
jewelny provides the desired color and durability
nceded for the application.

PVD coatings based on chromium. particu-
larlv CrC and CrN 10 replace chromijum plaung. 1s
being explored.  The PVD coatings providc cotro-
sion prolection and resistance o wear. and when
deposited on polished surfaces have a high luster.
CrC and CrN coatings are replacing chromium
coalings in metalcutting. predominantly driven by
the cxpense of dealing with plating solution disposal.
It is anticipated thal these applications will continue
o grow as environmental concerns become more
criucal.

Conclusion

Physical Vapor Deposition (PVD) is being
used to deposit functional and decorative thin films. A
wide variety of coatings can be deposited. These
include titanium nitride (TiN) titanium carbonitride
(TiCN). zirconium nitride (ZrN) and chromium car-
bide (CrC). lmportant mechanical properties of the
coatings include high hardness. low coefficient of
friction. and chemical resistancc. This makes them
suitable for a wide range of applications.

Applications for PVD coatings range from the
those in the metalworking indusiry for cutling and
stamping tools. to the medical industrv. for implants
and surgical tools. 1o decorative apphications. Decora-
uve applications include watch components. door and
window hardware. plumbing fixtures. eveglass frames.
and pen components. As environmental concerns
regarding plating processes become greater. the use of
PVD coating will grow. finding new applications for
the coatings and processes.
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