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ABSTRACT U.S. Patent 5,037,522 [5] disclosesfor thefirst time, switched

Various techniques have been developed to improve the
qualities of arc vapor deposited films. Many of these pro-
cesses sacrifice deposition rates in order to achieve high
quality, reduced macro-particle coatings. Increased arc spot
surfacevelocities, at constant currents, improvethe deposited
film qualities and deposition rates. This paper will review the
influences of arc spot travel speeds on arc source materials,
film quality and operational conditions.

INTRODUCTION

Vacuum arc based coatingshave been commercially available
intheUnited Statesfor over 20 yearsandtheir applicationsare
well known. Usesof thistechniqueinclude metallization and
reactive depositions of awidevariety of materialsfor aneven
wider variety of applications.

Many control devices have been developed to keep the arc
discharge on the face of the cathode and away from the
insulators and seals. These methods include and are not
limited to: extinguishment methods through gap confinement
[1], magnetic control of spot confinement [2], active border
control to bouncethearc spot back to the cathodeface[3], and
amyriad of filtered arc devises with a number of degreed
bends and twists [4].

Early designs of vacuum arc systems used |large area anodes,
usually the chamber walls, to provide the electron return path
for operation. These anode*envelops’ werethought to have
control over providing a uniform coating zone to coat large
guantities or sizes of substrates.

Ascoating byproductsbuild up onthechamber wallsor liners,
the electron return path of least resistance changes. During
one cycle, the best path may exist near the arc cathode. As
coatings and their contaminants (oxides, nitrides, etc.) build
up on these areas and increase electrical resistance, the elec-
tron return path will seek an alternate route, dragging along
withthemthecoatingions, which changesthedeposition zone
within the chamber.
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arc techniques coupled with the use of discrete anodes. These
anodescan havesurface areasequal to or lessthan the cathode
surfacearea. By reducing the size of the anodes, the operating
voltage of the arc is increased several times higher than if
using the chamber asanode. Discrete anodes, being easier to
clean than the chamber walls, provide a stable base for the
electron return path and a uniform coating zone within the
chamber.

Combining the smaller anodesal ong with switched arc opera-
tion reduces the size of the cratersformed from the vaporiza-
tion process and improves coating qualities.

EXPERIMENTS

Investigations were made to study the differences between
using the chamber asanode, discrete anodes, no arc switching
and switching with different frequencies. Both the cathode
surfaces and the resulting filmswere compared. No magnetic
enhancements were used.

The different processes were:

1. Chamber as anode, no switching

2. Discrete anodes, no switching

3. Discrete anodes, 4 hertz switching
4. Discrete anodes, 16 hertz switching

Cathode Surface Tests

New cathodes were used for each of the surface tests. The
vacuum chamber was pumped downto 1.0 x 10 Torr and the
same argon gas flows were used for all tests. The erosion
patternsonthe cathodesweredocumented by microscopy and
profilometer scans. Two process “on” times of 250
millisecondesand 5 secondswere used to seesinglearctracks
and total erosion patterns. Figure 1 shows the visual differ-
ences between the 250 millisecond, 5 second and 120 hour
arced cathodesrun at 120 amps. Figures2 through 5 show the
various arc track patterns of a single path.
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Figure 1: Photograph of 5 milliseconds, 5 seconds, and 120
hours arced cathodes run at 120 amps.
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Figure 2: Single arc track of chamber as anode, no arc
switching used (random arc)

Figure3: Singlearctrack of discreteanodes, no arc switching
used.

Figure 4: Single arc track of discrete anodes, 4 hertz arc
switching frequency

Figure 5: Single arc track of discrete anodes, 16 hertz arc
switching frequency

As observed the random arc path of the cathode using the
chamber as anode shows the largest crater formation and
much macroparticle evidence. Changing to discrete anodes
showed adecreaseinthesize of thecrater formation. Increas-
ing the switching frequency also decreased the crater sizes.

A second set of experiments were carried out to observe the
total erosion patternson the cathodes by simply extending the
arc on time to 5 seconds and performing the same process
cyclesasin the 250 millisecond tests. Figures 6 through 9 are
micrographs of these resultant surfaces.
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Figure 6: Pattern of 5 second arc operation with chamber as
anode and no arc switching.

Figure 7: Pattern of 5 second arc operation with discrete
anodes and no arc switching.

Figure 8: Pattern of 5 second arc operation with discrete
anodes and 4 hertz arc switching frequency.
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Figure 9: Pattern of 5 second arc operation with discrete
anodes and 16 hertz arc switching frequency.

Visually the pattern of the 16 hertz switched cathode appeared
dlightly smoother than the chamber as anode, unswitched
cathode. To more clearly investigate these possible differ-
ences, 500 micron length profilometer scansweretakenon all
5 second operated cathodes. The results of which are listed
below.

Chamber as anode, no arc switching:
Ra 6.7156 um
TIR 38.7130 um

Discrete anodes, no arc switching:
Ra 1.3077 um
TIR 5.9460 um

Discrete anodes, 4 hertz arc switching frequency:
Ra 1.1126 um
TIR 5.9140 um

Discrete anodes, 16 hertz arc switching frequency:
Ra 2.0719 um
TIR 11.6340 um

A six-fold decreasein the surface roughness was observed by
using discrete anodesin place of using the chamber asanode,
whichalso correlateswiththesinglearc pathtests. Thenearly
doubling of the roughness of the 16 hertz switched arc cannot
be currently explained and will be further investigated.

Tests of Deposited Films

Four process sets were run to investigate the titanium nitride
films deposited by these various techniques. All processing
parameters were repeated in each cycle.



Cathodeto substratedistancewas20inches. The chamber was
pumped down to 1.0 x 10“ Torr. Argon gas flows were
consistent. Substrate rotation was 6 rpm. Substrate bias used
for heating was —600 volts. One 2 x 12 inch arc cathode was
used at 120 amps. Maximum temperature was 400°F.
Substrate bias used for coating was —100 volts. Nitrogen
gas flows were consistent. TiN coating cycle time was 10
minutes.

The substrates used for testing were high speed drill bits, case
hardened steel pins and polished stainless steel spring stock.
Rockwell C diamond indentations were made on the pins to
evaluateadhesion. SEM analysiswasperformedonthespring
stock to compare surface roughness. Coating thickness was
measured with SEM, ball crater, and X-ray fluorescence.

Figures 10 through 13 are SEM micrographs of the TiN
coatings on the spring steel samples along with the coating
thickness. A marked improvement in the reduction of

macroparticles was observed with the discrete anode tests.
The substrates were not cleaned prior to performing subse-
guent analysis.
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SE SAMPLE #1  20pm

Figure10: TiN onspring steel, 0.241 micronsthick. Chamber
as anode, no arc switching.

As observed, the surface of Figure 10 was littered with
macroparticles, pop outs and a macro splat. The discrete
anode tests also show microparticles and pop outs, but at a
lesser degree.

SE SAMPLE #2  20pm

Figure11: TiN onspring steel, 0.299 micronsthick. Discrete
anodes, no arc switching.

SE SAMPLE #3  20pm

Figure12: TiN onspring steel, 0.263 micronsthick. Discrete
anodes, 4 hertz arc switching frequency.

SE SAMPLE #4  20pm

Figure13: TiN onspring steel, 0.285 micronsthick. Discrete
anodes, 16 hertz arc switching frequency.
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A more dramatic difference was observed on the diamond
indented steel pins. The coatingswere performed at 400°F to
demonstrate the improved adhesion of the discrete anode
switched arc process. Operationally, the chamber anode arc
process ran at 16 volts during heating and 25 volts during
coating. The discrete anode arc processran at 45 voltsduring
heating and 65 volts during coating. The voltage differences
between heating and coating are due to the reactive nature of
nitrogen gas on the cathode surface, which increases the
cathode surface melting point. Further investigation will be
madeto quantify theion energy level sof thetwo anode set ups
for potential plasmadifferences. Figures 14 through 17 show
the 150 kg diamond indentations on the steel pins.

BE SAMPLE #1: 150 KG: PIN

Figure 14: SEM photo of TiN onsteel pin. Chamber asanode,
no arc switching.

BE SAMPLE #2; 150 KG: PIN

Figure 15: SEM photo of TiN on steel pin. Discrete anodes,
no arc switching.
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BE SAMPLE #3; 150 KG: PIN S

Figure 16: SEM photo of TiN on steel pin. Discrete anodes,
4 hertz arc switching frequency.

BE SAMPLE #4: 150 KG:PIN  S30pm

Figure17: SEM photo of TiN onsteel pin. Discreteanodes, 16
hertz arc switching frequency.

CONCLUSION

By using discrete anodesand cathode arc switching, improve-
mentsin the deposited films are evident. Coating deposition
rates were improved by approximately 15% and the coated
surfaces were smoother. Although further studies must be
made to fully understand the relationships between cathode
and anode surface ratios, influences of gas pressures, and arc
switching frequencies, it is clear that coating improvements
can be made to existing large area cathode arc coating
systems.
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