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The type of power used in a reactive sputtering process is very important 
to the success of the process. There are several types of power available: 
DC, pulsed DC, RF, and mid-frequency AC. The one to use depends on 

the fi lm that is being reactively deposited. If the fi lm is conductive, then DC 
power can be used; but if the fi lm is not electrically conductive, then one of the 
other types of power must be used.

The basic requirement for any sputtering power supply is to provide a 
steady source of power for the sputtering process. Ideally there are no arcs; 
but in reality there are arcs. The goal is to minimize the effects from the arcs 
on the process. Today DC and mid-frequency AC power supplies have the 
ability to handle arcs, but this capability is missing in most RF supplies.

Arcing is the nemesis for reactive sputtering processes because an 
arc can be a major perturbation for the control of the reactive sputtering 
process. An arc occurs when the glow discharge changes from a relatively 
low-current, high-voltage regime to a high-current, low-voltage regime. Arcs 
on the target also lead to droplet ejection, and these droplets can be trapped 
in the growing film, which degrades the quality of the film. Arcs, if they 
occur on the substrate, can leave crater marks in the film.

Arcs have been classified into two types: microarcs and hard arcs. A 
microarc is one that extinguishes itself in a relatively short period of time, 
usually less than a few tens of microseconds. A hard arc, on the other hand, 
is one that persists for a much longer period of time, and hard arcs can last 
for several hundred microseconds or even longer if they go unchecked. From 
the power supply standpoint, a microarc is one than can be extinguished in a 
single turn-off/turn-on sequence. If an arc cannot be cleared with this single 
off/on sequence, then it is considered to be a hard arc.

The time to clear an arc depends on the power supply. Older power 
supplies (like the SCR ones) took a relatively long time to clear an arc, 
which could result in damage to the power supply, the target surface, and 
the substrate. Newer power supplies (such as switching power supplies) 
can detect and quench an arc much faster than the older type of supplies. 
However, there is power stored in the power cable between the power supply 
and the target, and this stored power can still cause some damage.

A power supply can detect an arc by sensing a drop in the target voltage, 
an increase in the current, or a combination of both events, and the power 
supply can respond to a sensed arc in one of two ways. It can either reverse 
polarity and attract electrons back to the target surface as is done with 
pulsing power supplies, or it can shut off for a specified period of time. 
Christie and Seymour [1] showed that for large area reactive sputtering it 
is necessary to detect and clear an arc in less than 1 millisecond to prevent 
significant effects on the coating composition and uniformity.

Many people believe that arcing does not occur in an RF sputtering 
process; but arcing can and does occur when RF power is used. The arcs 
can occur on the target, chamber walls, substrates, and fixturing. Most RF 
power supplies are not equipped to handle arcs, which is a deficiency in 
the technology. However, as Van Zyl and Heckman reported [2], there are 
relatively straightforward ways to detect and quench arcs when RF power is 
used.

If an arc occurs during a reactive deposition and the power supply 
responds by shutting down to clear the arc, there will be a sudden rise in the 
partial pressure of the reactive gas because the flux of target atoms has been 
terminated. The reactive gas control system will respond by cutting the inlet 
of the reactive gas, and then when sputtering resumes there will be a drop 
in the partial pressure of the reactive gas. This overshoot and undershoot of 
the reactive gas is not good for maintaining a constant composition of the 
deposited film. 

The goal of any good reactive sputtering process then should be to 
prevent arcing before it occurs to alleviate the overshoot/undershoot 

problems. Choosing the “right kind of power” for the reactive sputter deposi-
tion process is the key to preventing or mitigating the effects of arcing.

For the reactive sputtering of insulating films, it is always possible to 
use RF power, but there are disadvantages with RF power compared to the 
other types of power. The cost of an RF power supply is about twice that of 
other types of supplies for an equivalent power capability. In addition for 
magnetron sputtering, the RF deposition rate is about half of the DC rate for 
equal power inputs [3].

In the late 1980s and the early to mid 1990s, pulsed DC and mid-
frequency were introduced for the reactive sputtering of insulating materials 
[3–6]. Both of these techniques use a voltage reversal to offset a charge 
buildup on the target surface by attracting electrons from the plasma to the 
target surface. This discharges any regions that have become charged - thus 
preventing arcing. 

Pulsed DC power is used with a single cathode, and when combined with 
partial-pressure control of the reactive gas, it has been very effective for 
high-rate deposition of many different insulating films such as alumina and 
titania [7,8]. Deposition rates for alumina using partial-pressure control of 
the reactive gas and pulsed DC power can be as high as 70% of the metal 
deposition rate, compared to only 2–3% when flow control of the reactive 
gas is used. Kelly et al. [9] showed very positive effects on the structure 
and properties of oxide films deposited with pulsed DC power, particularly 
by varying the pulsing frequency and the duty cycle. They also showed that 
the duty cycle is a key factor for elimination of arcing, particularly in long 
deposition runs [9,10].

The one disadvantage of pulsed DC power is that the anode in the system 
can disappear if the insulating film covers the anode. To prevent this from 
happening, the anode needs to be hidden or protected during deposition 
in order to make sure that the electrons from the process always have an 
unimpeded path to ground.

Mid-frequency AC sputtering is usually employed with a pair of 
magnetron cathodes, and the typical frequency is from 40 to 80 kHz. Because 
a pair of magnetrons is used, it is also called dual magnetron sputtering 
(DMS). One leg of the output of the AC power supply is connected to one 
cathode and target, while the other leg is connected to the other cathode 
and target. When one target is negative and is sputtering, the other target 
is at a positive potential and acts as an anode. During the next half cycle of 
the power, the target that was just being sputtered is now the anode, and it 
presents a clean surface for collecting electrons. There is no disappearing 
anode with DMS.

Mid-frequency AC sputtering is used frequently in the glass and roll 
coating industries because they cannot afford to lose an anode during their 
long deposition runs. The disadvantages with mid-frequency AC sputtering 
are that a pair of magnetrons must be used, which increases the cost of the 
system, and that the plasma must be restarted during each half cycle. There 
is a substantial overvoltage applied to restart the plasma, and electrons 
stream out away from the target toward the substrate resulting in substrate 
heating and possible damage to the substrate.

To overcome the disadvantages of the DMS, redundant anode sputtering 
(RAS) was developed [11]. RAS needs only one cathode (thus reducing the 
cost), but it requires that there be two separate anodes. Similar to DMS, 
mid-frequency AC (typically 40 kHz) power is used along with a center-
tapped transformer. The center tap of the transformer is attached to the 
magnetron, and one end of the transformer is attached to one anode and the 
other end to the second anode. When anode 1 is positive, anode 2 is negative; 
in the next half cycle of the power, the polarity is reversed to the pair of 
anodes. During the application of the negative potential to the anode, it is 
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sputter cleaned, and during the next half cycle when there is a positive 
potential on this anode, it is clean to collect the electrons from the process.

During each half cycle with RAS, the potential on the target is negative 
with respect to the plasma, and sputtering occurs. The plasma acts as a full 
wave rectifier. As the voltage approaches zero across the transformer, the 
voltages of the plasma, target, and both anodes are about the same. Any 
charged insulating regions on the target will be more positive than the other 
elements, and electrons will be attracted from the plasma to these charged 
regions and discharge them. Thus arcing is prevented. The plasma does not 
decay between cycles, and there is no excess voltage needed to re-establish 
the plasma. RAS is still quite new, but where it has been used, the results 
have been very promising.

Overall there are several types of power available today for reactive 
sputtering processes. There are advantages and disadvantages to each type 
of power, but the goal in all reactive sputtering processes is to prevent arcing 
from occurring or to minimize any damage from an arc if it does occur. 
Choosing the right kind of power is very important to achieving this goal. 
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For more information contact William (Bill) Sproul at bsproul@comcast.net or 
reactivesputtering@comcast.net.
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