A plastic mold application for PVD processing is for the protection of compact d
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mold surfaces.

ysical vapor deposition
describes a family of coating

processes that produce surfag
layers that are the result of the
depaosition of individual atoms or
molecules. All PVD processes are
carried out under a hard vacuum.
Workpieces are heated to tempera-
tures generally < 508C (930°F) to
enhance coating adhesion.

During PVD sputtering, argon is
admitted into a vacuum chamber at
relatively low pressure. A high DC
voltage is applied to the target, whic
creates a gas discharge between the
target and substrate holder. Argon
ions, created during the discharge,
strike the target with high energy an
free atoms from the target, which arg
then transported to the substrate an
deposited as a thin film.
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To produce compound coatings, the
ions are reacted with a gasd,
enitrogen or methane) to produce a
nitride or carbide. This process is
known as reactive ion plating.
Functional hard coatings are
typically deposited by evaporative
coating processes. Thin films for

sputtering processes, although eithe
process may be adapted for either
category of coatings. All PVD
processes are line-of-sight, so to

h obtain coating uniformity, it is

> necessary to use specially shaped
targets or multiple vaporization
sources, and to rotate or manipulate

d the substrate uniformly to expose all

> areas to the coating source.
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hard 'coatings
TThe most widely used
nitride . (TiN). - Other | caatings
commercialized * ‘include” " titanium
(TICN),— chremium carbide - (CrC),- - chro-
(CrN), / | zirconium - nitride- . (ZrN), - and
(TIAIN). - PVDcoatings
of fricion, are
resistant  and environmentally safe.
to « different components, they .act

thin-— films.

for TiN include cuting —and
plastc | molds, surgical  instruments

CrC and CrN-can-be a direct ' 're-
for’ decorative
such ‘as'watch components, ' eyeglass
door and window: hard-
PVDcoating ~pro-
of coatings - and commercialized
are reviewed  here.

prevent dust from depositing on the
cleaned surfaces. While most pre-
coating cleaning methods are satisfac-
tory, some parts cannot be adequately
cleaned. If components have been
treated with a plastic rust preventive,
for example, or salt-bath heat-treated
where residual salt remains on the

ysurfaces, special cleaning methods

may be required.

Properies  of Hard Coatings

PVD allows for the deposition of a
wide variety of elements and com-
pounds. Refractory materials may be
deposited at temperatures below their
melting points. For sputtering
processes, virtually any material may
be deposited (provided that it is
available in the form of a target).
Compounds deposited by evaporative

Cleaning Methods
PVD evaporative processes consistlo achieve good coating adherence,

of heating a source material in a high substrate surfaces must be free from
vacuum, which produces a vapor thatthe slightest amount of contaminatio
condenses on the substrate as a thin (grease, dust, grinding burn or finger
film. lon plating—an evaporative prints). Parts to be PVD-coated are
PVD process—uses an electron beamrmormally bulk-cleaned in multi-station

reactive ion plating are limited by the
ability of the source metal to be
nconveniently vaporized.

For functional applications, the
coatings are deposited to a thickness

gun to melt the source. The introduc
tion of an inert gas at low pressure

creates a plasma discharge betweer
the source and the substrate. The io
impinge the substrate surface during
deposition, resulting in changes in th
interface region and improved film
properties. A negative bias on the

- ultrasonic cleaning lines, which
include a series of wet chemical
rinses—usually detergents or sol-

ngents. Ultrasonics are used to activa

ecleaned, and to assist in removing
contaminants. The parts are dried to
eliminate water spots. Hot-air dryers

substrate enhances coating adheren
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cequipped with micropore filters,

1 ,
the surface of the components being the author to include photographs and

Editor’s Note: This is an edited version
of a paper presented at SUR/EING,
leveland, OH. It has been expanded by

case studies. The original article ap-
peared in the Society of Vacuum
Coaters’39th Annual Technical Con-

ference Proceedind4996).
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Table 1
Common Compounds Reacted
From Metalic  Elements,
Nitrogen & Carbon

Element Material  Film Color
1 Nitrogen TiN Gold (yellow)
ZrN Gold (green)
TiAIN Violet/black
CrN Silver
! Carbon TiC Gray-black
CrC Silver
“ICarbon+  TIiCN Bronze/gray

Nitrogen

-; highly polﬁed:sﬁiffa

finished sur aoée( g, C

mirror- -like aﬁ_‘b'eagrah

same coating depo

been vapor- ho‘ned)wlu avi
finish. Table 2 lists the ha

(The harder a material, the bette
re5|stance to abrasion.)

Most CommonHard Coatmgs 77
TIN Is shiny gold in color and has a
hardness of 2600 HVN. The coating|
acts as a chemical and thermal barri
between the surface onto which it is
deposited and the environment. TiN
has a lowcoefficient of friction that
helps prevent galling and meatkup.

Among the hardest of the PVD
coatings, TiC is silver-gray in color,
often resembling the metallic surface
of the uncoated component onto
which it is deposited.

TiCN ranges in color from bronze
to silver-gray, according to the
amount of carbon in the compound.
The more carbon, the greater the
tendency of the coating to appear gr
in color. As a decorative coating,
TiCN was developed for its close
resemblance to bronze. For function
applications, it is used for machining
stainless steel, high-hardness steels
and high-alloy materials.

ZrN ranges from yellow-gold to
brass in color, depending upon its
stochiometry, and has mechanical

commonly deposited PVD Lceanggz& nt

e
~ dﬁf@%ﬁﬂg

Table 2
Hardness of
Functional ~ Coatings

Hardness (HVN)

Material

Titanium carbide 3400
Vanadium carbide 2800
Titanium nitride 2600
Niobium nitride 2400
Chromium carbide 2200
Chromium nitride 1600
Cemented carbide 1600
Tool steel 900

tltamum rta&‘é\

CrN is also silver il

ean excellent su ltute/fe) _
plating, with no asso\maté‘&’
mental concerns. IS

"TiAIN is wolet/blqck in coloraﬁ

when used on cutting tools, il
believed that the alwﬂmum [
coating oxidizes, prowd!ngTugh

extending tool life.

PVDCoating Applicatjons

Cutting  Tools

Among commercial appllcatlons for

PVD coatings, cutting tools are some
ppf the most significant. Improvemem

in tool life for PVD-coated tools

range from two to eight times when
alcompared to uncoated tools. The

additional improvement in productiv-

ity is substantial.

Tools routinely PVD-coated include:

properties similar to TiN. While not
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» temperature protection to the tool a;:"

| protection,

Table 3
Recommended Machining
Applcations
Recommended
Application
Free machining steels, hig
strength steels, plastics,
hard rubber
Tough machining steels,
cast iron, abrasive material
Aluminum, titanium alloys
Cast irons, abrasive
materials, dry machining

PVD
Coating
TiN

TiCN

CrC
TiAIN

of t

prot;!cts,the
In addition to e . '. .
e coatings oﬁer ulcreased{ rod
sand economic benefits. Ir’h.|
automQtlve gears, for exa
coatings on geaT hobs,‘sha\pd |
broaches have significantly rt-fdu(:ec{—'
tooling costs. Several automotive r
companies have installed their pwn (s
PVD equipment to take advantage of
recoating tools, which can recapture

Taps Milling inserts
Drills & saws Gear-cutting hobs
Reamers Shaper-cutters
End mills Broaches

L%

5 some of the tool life that is lost when ”’(,
the coating is removed from the VT
cutting edges during sharpening. \..'\i._
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Operation:
jet engine turbine

Operation: Finish machining

cylinder heads

14 RMS

X

ﬁ%o ingson

maﬂzed as

grin an—The coétmg does
t i,ake but maintains adhesion

~ severe wear condltlons and

- remains secure on rake faces ang
~ wear lands. At least 30 percent le
material is removed per sharpen-

{ e 3. Increased cutting speeds & feeds
) N 4. Improved surface finish-The
b

~ chemical resistance of the coating
prevents welding of the tool to the
workpiece. Galling and tearing ar¢

Rough machining nickel ba

Machine: 5-axis CNC machining
center

Cutting tool: 4 flute 3/8-in. diameter solid
carbide ball nose end mill

Chip load: 0.015 in./tooth

Speed: 4700 RPM

Finish requirement: 80-120 RMS

Uncoated: 11 pieces

TiAIN-coated: 44 pieces

blades

Metal Forn:ing
(Punches & Dies)

aluminums

Machine: Multi-pallet CNC machining f
center

Cutting tool: 4 flute solid carbide step
reamer

Feed: 0.005 IPR

Speed: 2400 RPM

Coolant: Water-soluble, pressure-fe

Uncoated: 42 RMS

CrC-coated:

) W@ZR in tool
ty are S|gn ficant.

|$fance ofthe

S protectlon from 3

Lot

.ﬁrémature tool failure. PVD

-'o?{jyatlhg\s are applied at low tempera-
| turd

es, normally below the tempering

r- | temperature of steels used to make
h punches and dies, so tool dimensior]
: ,)Ldo not change as a result of the

AN Coatlng process. Fine blanking tools
“and other tightly toleranced stampin
tools are excellent candidates for PV
coatings.

Plasic  Molds
TiN and TIiCN are used extensively i

au hout the tool life, even undeérthe plastic mold industry, protecting

molds, gates, screws, tips, core rods
and other associated mold compo-

ssents. Many plastics are abrasive,
particularly those using glass-filled
resins. The hardness of the coating
provides abrasion resistance to molg
surfaces, enhancing performance.

s Polycarbonate plastics, such as
those used for optical applications

> (see Fig. 1), are particularly corrosiv,

es '_ éxtre}nel)(_

5@&(; eful polishing

llel surface, with
| i MS S. Visual
ﬁq&-ﬂﬁh Wfﬁ‘nr ow-powered micro-
es ensures that all surface -
nperfections h‘a\qe been rg:moved
‘Compact disc mirrors and other
a sotla,ted old comppnents are

allf/ 6oated by reactive ion
pla ing. ‘This process ensures that the
coating is free of porosny and defects.

use of TICN in place of TiN for

$es.wnhth|s application is growing. The

" higher hardness of TiCN provides

| better abrasion resistance for the
polycarbonate plastics that flow onto
the mold cavity surfaces. The reported
improvement in life for CD mirror
blocks is twice as long with TiCN,
and better release allows for less
downtime associated with required
mold maintenance.

S
CrC is an effective coating for

j protecting aluminum die casting
Dnolds, because the corrosion resis-
tance of this coating serves to delay
the onset of soldering (a common
failure mode for die casting molds).

nReported improvements in tool life
for CrC-coated molds, core pins and
related hardware is on the order of
three times that of uncoated compo-
nents. The high oxidation temperature
of the coating (1400F), coupled with
its hardness, also aids in improving

| mold component life.

Wear Components
Applications for thin-film PVD
ecoatings as wear coatings include

effectively eliminated.
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of up to eight times longer than other coating

gears and bearing surfaces. Additior
applications exist in the automotive
industry for antilock brake systems
and fuel injector components. PVD
coatings have improved properties
over traditional steel surface treat-
ments such as carburizing and
nitriding. The large quantity of
components available for coating ha
also served to reduce the price-per-
piece for the coating. Additional use
are chemical ball valves and seats {(
provide corrosion and abrasion
resistance, and jet engine compress|
blades where the coatings provide
enhanced erosion resistance.

The combination of mechanical
properties of TiN, particularly wear
and corrosion protection, has led
medical researchers to apply TiN an
other coatings onto prosthetic
implants. Because the coatings are
applied in compression, the increase
compressive strength of component
results in a corresponding improve-
ment in low cycle fatigue life. When
coated, prosthetic implants.g, hips,
knees and other joints) have shown
to three times improvement in life.
This is significant when considering
the age of patients who undergo join
replacement surgery.

Other applications in the medical
industry include surgical tools where
the combination of high hardness an
corrosion protection play a key role i
extending the life of these tools.
Surgical tools must also be non-
reflective (because of glare in the

The use of TiN and TiCN for the production of clear plagtlc Ienses has pr\

S.

al. The ability to cor ‘ete fﬁv%ly

on an ecdnomltf basis with gedbrc Re

tive electroplatlng processes,

particularly in light of environn e

tal considerations.
2. A broad range of a}vallablé cq)Iors
3. Corrosion resistance equnvalentt
or better than that of the coating
processes being replaced.
4. Use of less expensive substrates;

S [
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»  Decorative applications include:

Watch components and bands,

ojewelry, eyeglass frames, cigarette
lighter cases, pen parts (barrels, clip
knives and other accessories. Brack
used for orthodontic braces, where
gold is a desired alternative to the
silver-colored stainless steel typically
used for these components, is anoth
successful application.

d One of the more interesting and
widespread applications is for door
and window hardware and faucet

dparts. While brass hardware is

5 attractive, the corrosion resistance o
brass is somewhat limited. Unlike
copper, which develops an attractive
and uniform green patina on weathe

upng, brass turns a dull, dark brown,
and requires continual polishing. Thé
introduction of ZrN PVD coatings

t onto brass hardware has allowed

3. AT, Séﬁthanam &D
- “Surface Englneenn _
Cermet and Ceramla Cuttin

Tools,” ASM‘Handbo 0/QI

Surface Engineering, 9 ’&5’
s¥. R. Badger & M. Podob, “PVD | = =
ets Hard Coatings for Improving: 'the /"E”'.’ /

Performance of Broaches,”

Broaching Technology, SME

Technical Seminar (April 1995),_
e6. J.H. Richter & M. Podob, “CVD
and PVD Hard Coatings for
Extending the Life of Tools Used
in the Stamping Industry Manu-
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Metalform '92 Tech. Symp. Proc.
337 (February 1992). ;
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suppliers of these components to offePVD and CVD coating services and

“lifetime” guarantees on surface
finishes. When deposited to the
dappropriate stochiometry, ZrN has a
nfinish that perfectly matches that of
brass, and it offers excellent corrosiq
resistance.
Another interesting decorative

operating theater), and these coatingsapplication for PVD coatings is for

meet that requirement.

The use of PVD for decorative
applications is increasing for a

jewelry. TiN has an appearance that
resembles gold, and has the further
advantage of abrasion resistance.
Substituting stainless steel for gold

offers a significant cost savings. TiNt

number of reasons, such as:
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rfunctional and decorative CVD and
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