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The Need to Understand How the Process Works
William D. Sproul
Reactive Sputtering, Inc., San Marcos, CA

Iwas teaching a class recently on Sputter 
Deposition and Reactive Sputter 
Deposition, and one of the students asked 

me “why with my three degrees in Materials 
Science Engineering did I get so deeply 
involved in the sputtering process?” The 
answer to that question can be quite simple. In 
order to produce high quality films from a 
sputtering process one really must understand 
what goes on in the process, but getting that 
understanding is not necessarily easy.

One of my first assignments after I had 
joined industry after graduate school was to 
find a way to prevent friction welding between 
the rotor and the end plates of a rotary air 
conditioning compressor under unusual 
operating conditions. I was able to show that 
a thin coating of titanium nitride (TiN) would 
prevent the welding, but the next problem was 
to apply the coating in a production situation. 

In those days, the deposition of TiN was 
often done from a hot pressed target or by 
reactive sputtering both of which were slow 

processes compared to sputter deposition rate 
for a pure titanium target. People were just 
beginning to understand the reactive sput-
tering hysteresis effects, and most of the time 
a reactive sputter deposition was done in the 
poisoned target mode, where the compound 
material covered the whole target surface. 
Sputtering in the poisoned mode was equiva-
lent to sputtering from a compound target, 
and the deposition rate was very poor.

Fortunately I had an outstanding techni-
cian working with me in the laboratory by 
the name of Zeno Szychlinski, and between 
the two of us we were able to show that if we 
could maintain a constant partial pressure 
of the reactive gas and hold the target power 
constant we could get high deposition rates. 
Coupled with an excellent instrumentation 
laboratory, we came up with the first closed-
loop control system for controlling the partial 
pressure of the reactive gas when using a mass 
spectrometer to provide the feedback signal 
for the process. For the reactive deposition 

of TiN using closed-loop control, we quickly 
learned that it is possible to deposit the TiN 
at the same rate as that for titanium. That was 
a first, and it made the process economically 
viable for production.1

Today partial pressure closed-loop control 
is used in many applications to deposit 
compound films at high deposition rates 
while maintaining good film structure and 
properties. The lesson learned here was that 
by understanding the need to maintain a con-
stant partial pressure of the reactive gas and a 
constant power to the target, it was possible to 
get high-rate deposition of nitride films.

A similar lesson was learned a few years 
later when we were trying to development a 
multi-cathode deposition system again for 
reactive deposition of compound films. The 
closed-loop control system was implemented 
on this new multi-cathode deposition system, 
and it was possible to achieve high deposition 
rates in it. However, we were not achieving 
good mechanical properties in the films that 
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that it is possible to ionize a large fraction 
of the sputtered atoms by applying a very 
high power electrical pulse to the target for 
a short period of time. By using a substrate 
bias potential, it is now possible to control 
both the energy and the flux of the ionized 
sputtered species arriving at the substrate. 
With high ion fluxes and low ion energies, it 
is possible to deposit relatively thick film with 
low residual stress. 

The future for this high power pulsed 
magnetron sputtering looks very promising, 
particularly as the sputtering community 
comes to understand the process better. Once 
again we are seeing that it is very important to 
understand an advancement in the sputtering 
process in order to take full advantage of it to 
produce better films.
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we were depositing. The ion current density 
on the substrate was low, and the films had an 
open porous structure.

Although there were several possible ways 
to enhance the substrate ion current density, 
it was decided to apply the unbalanced mag-
netron approach that had been reported by 
Window and Savvides.2 Initial attempts with 
the opposed pair of unbalanced magnetrons 
did not produce a significant enhancement 
of the substrate ion current density, but again 
thinking about the process and the setup of 
the magnetrons lead us to the obvious (in 
hindsight) conclusion that it was necessary to 
link the magnetic field lines between the two 
cathodes. Once this was done, the substrate 
ion current density in what was to become 
known as closed-field unbalanced magnetron 
sputtering (CFUBMS) was increased by a 
factor of 10 over what it had been before the 
fields were linked.3,4

The higher substrate ion current density 
with closed-field unbalanced magnetron 
sputtering was the process enhancement that 
allowed reactive sputtering to be competi-
tive with other hard coating techniques. It 
provides for the deposition of fully dense, 
well-adhered coatings for many different 
applications. By using multiple cathodes in 
the CFUBMS configuration, it is possible to 
deposit nanometer scale multilayer films, 
which enhance significantly the life of the 
coated part in tribological applications. 
The CFUBMS process was commercialized 
primarily by Hauzer Techno Coatings BV and 
Teer Coatings, and the patent on the process 
is owned by Teer Coatings.5

Another area of reactive sputter deposition 
that has benefited from a better under-
standing of the sputtering process is the use 
of pulsed DC or mid-frequency AC power 
for the reactive deposition of insulating films 
such as aluminum oxide or silicon dioxide. 
By periodically switching the polarity of the 
power delivered to sputtering target, it is pos-
sible to prevent arcing on the target. In hind-
sight, such a relatively simple idea (perhaps 
not quite that easy to implement) of using 
“the right kind of power” combined with 
partial pressure control of the reactive gas has 
made it possible to reactively sputter deposit 
insulating films at high deposition rates. 

One of the great benefits of the sputtering 
process is that the sputtered species can 
arrive at the substrate as a neutral atom with 
a relatively high amount of energy compared 
to an evaporation process, and this energy 
can be used to improve the film structure and 
properties. Very few of the sputtered atoms 
become ionized in the conventional sputtering 
process, but recently it has been shown6,7 
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