
54 2008 Summer Bulletin

Presented at the 51st SVC TechCon in Chicago, IL, 
in the Large Area Coating session on April 22, 2008 

Abstract
Dual Magnetron sputtering is widely used as a standard deposition 
method for the manufacturing of architectural glass. Mid frequency 
power supplies are used as standard power for the plasma generation. 
For this application systems with 25 kW to 300 kW output power at 
frequencies between 20 to 70 kHz are available. The most important 
feature of these power supplies is a fast and advanced arc management 
in order to prevent defect creation at the target surface or defects and 
inhomogeneities on the substrate. The short arc reaction time of less 
than 3μs and the low residual arc energy of less than 3mJ/kW enable a 
much higher process power without any damaging of the target.

A very promising alternative for MF process power are bipolar 
pulsed processes. A power supply has been developed especially for 
dual magnetron sputtering. Main difference to the sinusoidal mid 
frequency wave is the square wave shape of the output voltage. The 
power supply also enables the additional possibility to set the length of 
the positive and negative pulses separately. This gives the possibility to 
further optimize the sputter process and as a result the deposited layer. 
As for MF also for pulsed DC the arc management is an important fea-
ture. For this reason 3 different arc detection criteria are implemented. 
Bipolar pulsed DC power supplies are available with 5kW to 200kW 
output power. Features of bipolar pulsed DC and MF systems and prac-
tical results from industrial coating applications will be compared.

Introduction
Industrial sputter applications started with planar magnetrons in the 
1970’s and 1980’s. In order to be able to deposit also insulating layers 
where the charging of the target is the most important problem the use 
of mid frequency power was introduced in the 1970s [1]. By the mid 
1980s the deposition rates and efficiency of this method was substan-
tially improved by using the dual magnetron setup [2,3]. Pulsed DC 
sputtering was introduced in the 1990s for dual magnetron [4,5]. Figure 
1 shows the schematically setup of a dual magnetron.

Figure 1. Principle scheme of a dual magnetron.

Even though this coating technology resulted in very good product 
performance – two big disadvantages of the planar magnetron cathodes 
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were obvious. They have a target utilization of only about 40% and they 
had the problem of redeposit on the non-sputtered target surface areas, 
resulting in particle flaking. An important improvement was the inven-
tion of rotatable cathodes in 1981 [6,7]. Rotating cathodes have a very 
high material utilization of up to 80% and a fully redeposit zone free 
sputter area. This is realized by full circumference sputter erosion of the 
target material. Nevertheless, it took more than 15 years of development 
until rotatable cathodes really started to dominate the glass coating 
technology. 

MF Power
To fit the all demands of MF processes three different power supply fam-
ilies are available. The state of the art and widely used MF power supply 
family (BIG) was described in detail elsewhere [8]. It covers a power 
range between 100kW and 300kW maximum output power. The power 
supply is well proven in a lot of industrial large area applications [9]. 

For the power range of 25kW to 100kW the SCASAR family was 
developed. Figure 2 shows the principal function of this power supply. 

Figure 2. Principal function of the MF power supply.

It consists of two parts, the DC supply unit and the MF unit. The 
DC unit consists of up to 4 modules with 30kW power each. The MF 
unit converts the direct voltage of the DC unit in a high frequency 
alternating voltage. The frequency depends on the components of the 
oscillator circuit, i.e. the value of capacitance and inductance. By varying 
the capacitor configuration, the frequency can be adapted to the process 
requirements. The shape of the current and voltage curves at a plasma 
process is shown in Figure 3. 

Figure 3. Oscilloscope trace of the plasma process voltage and current.

 As the most important point a strongly improved arc management 
was introduced.
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The following criteria are evaluated for arc detection and sets of 
these parameters can be used as presets in recipes.
•  Absolute and dynamic limit values for voltage drop and current rise 

in the plasma
•  Asymmetry of the current values of the two sputter cathodes. Here 

the generator compares the currents of the two cathodes separately 
from each other. 

•  Frequency changes
•  Changes of the half-wave shape (short voltage drops). The principle 

of this detection is shown in Figure 4. In this detection mode, every 
half-wave is captured and compared to the subsequent half wave of 
the same polarity. For the purpose of acquisition, a half wave (n) is 
divided into 4 windows. The subsequent half wave of the same polar-
ity (n+1) may deviate only in defined limits. These limits have to be 
defined for each window. If the voltage of the (n+1) wave drops inside 
this window (dark gray area of the picture) this behavior is recog-
nized as an arc.

Figure 4. Half wave shape arc detection criteria.

As a reaction to the arc detection the power can be keyed off either 
immediately or after a certain delay. The power interruption is done via 
an additional fast arc switch. This technology enables arc detection and 
shut off times of 5μs and residual arc energies of 5mJ per kilowatt as 
shown in Figure 5.

Figure 5. Fast arc handling of the MF Generator in reactive sputter mode at 
a planar magnetron (50 kW, 50 kHz, shut off time <5 μs).

The fast arc management makes a significant contribution to the 
economy of the systems. It leads to an improvement in the film quality 
by minimizing flaws and defects. In addition very high sputter rates 
can be achieved because of the high process stability, which leads to 
an increase in productivity. Even when the cathode material is almost 
used up and consequently the arc probability increases, the low residual 
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While the max. process output voltage is 800V an ignition voltage of 
up to 1600V is available. On oscilloscope picture of the plasma process 
voltage for the bipolar pulsed operation is shown in Figure 8

A precise arc handling over the entire pulse width reduces the arc 
energy for enhanced sputter results. This arc detection system is very 
similar to the arc detection of the DC power supply for single magne-
tron sputtering [10]. It consists of 3 different arc detection criteria to 
ensure fast response to an arc occurrence. The first criteria is a current 
based detector which reacts when the output current exceeds a user 
defined current threshold value. 

The second detection criteria is the voltage drop during the arc 
occurrence. The voltage based detector is armed when the output 
voltage exceeds a user defined threshold A and triggers when the voltage 
drops below a user defined threshold B.

Figure 8. Oscilloscope shot of the plasma process voltage running bipolar 
pulsing mode.

The third detection method is a combined voltage and current based 
detector which reacts when the output voltage is lower than a user 
defined voltage threshold while the current is higher than a user defined 
current threshold.

The arc detection time is less than 200 ns and the switch off time is 
about 1.5 μs. Break time and ramp time can be chosen depending on the 
process requirements between 0 to 80 ms or 0 to 100 ms respectively. 
An oscilloscope shot of the voltage and current during the arc event and 
the power shut off is shown in Figure 9. With this arc management a 
residual arc energy significantly lower than 1 mJ/kW can be realized.

Figure 9. Fast arc handling of the pulsed DC power supply.

Comparison for Dual Magnetron Sputtering
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energy values contribute to an extended service life of the cathode and 
to better utilization of the target material. Because for some processes 
arcs also serve to remove unwanted materials on the cathode, the power 
supply can control and regulate the arc energy precisely.

Bipolar Pulsed DC Power
A very promising alternative for MF process power are bipolar pulsed 
processes. A power supply has been developed especially for dual mag-
netron sputtering. The power supply is available with output power 
ranging from 5 kW to 200 kW. The principal setup of this power supply 
is shown in Figure 6.

Figure 6. Scheme of the bipolar pulsed DC power supply.

They consist of a DC power section and a MOSFET based switching 
section which is responsible for pulsing the output power. Main differ-
ence to the sinusoidal mid frequency wave is the square wave shape of 
the output voltage. The power supply also enables the additional pos-
sibility to set the length of the positive and negative pulses separately. 
This gives the possibility to further optimize the sputter process and as 
a result the deposited layer. The power supply can be operated in 8 dif-
ferent modes from pure DC to bipolar pulsing, versatile rectangular
output voltage waveform. This offers a high flexibility to cover even very 
special processes. Figure 7 shows the different operation modes.

Figure 7. Different modes of the bipolar pulsed DC power supply.
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Summary
For the various dual magnetron coating applications bipolar pulsed DC 
and MF power supplies are available which meet the specific process 
related technical and economical requirements. All these systems have 
a high precision process control and a supreme arc management with 
adaptable parameters to provide minimal disturbances in the plasma 
process. This enables the deposition of layers with optimized homoge-
neity, stoichiometry and optical properties.
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