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A bipolar pulsed-dc power supply has been designed and constructed for
used in a magnetron sputtering system and for thin film synthesis. The
power supply consists of three major parts: (1) Two high voltage direct
current (dc) power supplies utilizing a phase control circuit for power deliv-
ery, (2) Pulse generator and two power switching circuits, and (3) Feedback
circuits for current and voltage controls, displays, and safety measures. For
a high level of safety operation, optical connections were employed in the
circuit design to isolate between the low and high voltage parts. The con-
structed power supply was tested using a test load consisting of ten 100 W
250V light bulbs with tungsten filaments connected in series. It was found
that the power supply was capable of supplying either symmetric or asym-
metric pulsed-dc power of maximum peak-to-peak voltage of 1250 V. The
negative and positive pulse widths were selectable between 10-100 ps, with
maximum pulse frequency of 25 kHz. This frequency limit is due to the
limited speed of the power transistors used in the power switching circuit
operating under high voltage. It is anticipated that the constructed power
supply can be used as a plasma generator in a magnetron sputtering system
for the deposition of oxide thin films such as AL,O,,Na Co,0,,ITO and
ZnO. This will be further investigated. © 2007 Trade Science Inc. -
INDIA
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INTRODUCTION

Magnetron sputtering is one of the physical va-
por deposition methods which are widely used in thin
film technology. The various types of magnetron
sputtering technique are alternating current(ac), ra-
dio frequency(rf), direct current(dc), and pulsed-dc.
A pulsed-dc magnetron sputtering technique is the
latest development of sputtering technology and has
many advantages over others. Namely, it is versatile
and provides an ability to deposit thin films of oxide
compounds such as Al,O,, ITO, and ZnO at high
deposition rate and to eliminate arcing problems of
poisoned target!'l. Since the year 2000, this technique
has been a well developed deposition method for
coatings and thin films used in research and indus-
trial applications?1%

A key component of a pulsed-dc magnetron sput-
tering system is a pulsed-dc power supply. Various
models of pulsed-dc power supply have been devel-
oped and are commercially available!"'2. However,
they are expensive and unaffordable for small scale
research. Several researchers have reported attempts
at the construction of low-cost pulsed-dc power sup-
plies. For example, Sugimoto et al.®! developed a
pulsed-dc power supply based on inverter technol-
ogy. They were successful in using the developed
power supply to generate pulsed-dc plasma between
two parallel plates. It is of interest here to adopt
Sugimoto’s idea for the development of a pulsed-dc
power supply for a magnetron sputtering gun.

In this report, the design and construction of a
bipolar pulsed-dc power supply is presented. The
current-voltage characteristics of the built power
supply tested on a test resistive load are given.

Design and construction

A block diagram of the developed bipolar pulsed-
dc power supply for used in a magnetron sputtering
system and for thin film synthesis is shown in Figure
1. The power supply consists of three major parts.
Firstly, the dc power sources and power controls are
a pair of high voltage dc power supplies utilizing a
phase control circuit for power delivery. Secondly, a
pulse generator and the power switches are a pair of
pulsing unit and power switching circuits. Thirdly,
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Figure 1: Block diagram of a bipolar pulsed-DC power
supply for magnetron sputtering system.

the control systems are feedback circuits for current
and voltage controls, displays and safety measures.

From Figurel, the control systems are capable
of varying over the range 0-5V into the power con-
trols. These are used to control the dc power sources
so that they can provide the output voltage of
0~1250V, at maximum current of 500 mA. The out-
put voltages are measured by using digital multi-
meters across the dummy loads Ry, and Rp,,. The
power switches are controlled by a pulse generator
which is a source of trigger pulses Vi, and V. They
are high speed power MOSFETS with ON/OFF
delay times in the order of tens of nanoseconds.
When the power switch1 is ON, a voltage from dc
power sourcel(+V, ) will be applied to the magne-
tron. Similarly, if power switch2 is ON, a voltage
from dc power source2(-V, ) will be applied to the
magnetron. However, the two power switches can
never be on at the same time. The currents flowing
through the power switches are measured by the am-
meters (A). The discharge voltage waveform across
the magnetron is measured by ax 100 high voltage
probe. The sense resistors Rq;» Rg, and Ry> Ry, pro-
vide the feedback voltages into the current limit and
voltage control systems, respectively.

The timing sequence of the trigger pulses V

Figure 2: Timing sequence of a bipolar pulsed-dc power
supply
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Figure 3: Experimental setup of a bipolar pulsed-dc power
supply. (a) Block diagram of experimental setup. (b)
Front view of experimental setup.

and V,, and the output voltages across the magne-
tron cathode are shown in figure 2.

From figure 2, the trigger pulses V_, and V _, are
selectable between 10-100 ps (t, and t,) with maxi-
mum pulse frequency of 25 kHz. This frequency limit
is due to the limited speed of the power transistors
used in the power switching circuit, the high voltage,
and circuit capacitance. The values of t, and t, are
chosen so that power switches are never on simulta-
neously. The output voltage across the sputtering gun
(Cathode) consists of the positive pulse (Reverse sput-
tering duration) and the negative pulse (Sputtering du-
ration), whose widths are determined by t and t,, re-
spectively. The heights of the positive and negative
pulses are equal to the +V 4 and -V -

EXPERIMENTAL

The developed bipolar pulsed-dc power supply
was tested using a test load consisting of ten 100W
250V light bulbs connected in series as shown in
figure 3. The positive and negative pulse widths t,
and t, are fixed at 10ps and 20ps, respectively. The
times t, and t, are kept constant at 7ps. These values
of t, t,, t, and t, give the corresponding pulse fre-
quency of 22.7 kHz.

In experiments, symmetric and asymmetric bi-
polar pulsed-dc was produced by varying the power
modes as follows.

Firstly, for symmetric bipolar pulsed-dc power,
the variable voltages between power source + V,, and
~V4., have to be the same from + 100 up to +500 V.

Next, for asymmetric bipolar pulsed-dc power,
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Figure 4: Plot of the current-voltage characteristic of
symmetric voltage operation

the voltage of the power source +V,, was fixed at
200V and the voltage of the power source -V, was
varied from -300V up to -1000V.

RESULTS AND DISCUSSION

Symmetric bipolar pulsed-dc power

For symmetric voltage operation, the magnitudes
of the power sources +V,, and -V, were equally
varied from 100 to 500 V. The output currents I,
and I, increased from 35 to 55 mA and 60 to 110
mA, respectively. The current-voltage characteristic
is shown in Figure 4. From this figure, it can be seen
that when variable voltages of power sources +V,,
and =V, are varied from 100 to 500 V and —100 to
—500 V, respectively, the magnitude of the output
current I, increases twice as fast as that of the out-
put current I because the pulse is twice as wide.
The waveform of the output voltage for +V,, =
500V and -V, = =500V is shown in Figure 5. This
is very close to the expected output voltage wave-
form given in figure 2.

Asymmetric bipolar pulsed-dc power

For asymmetric voltage operation, the power
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Figure 5: Waveforms of the output voltages for V, = 500V

and-V_ _,=-500V.
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Figure 6 : Plot of the current-voltage characteristic of
asymmetric voltage operation
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Figure 7: Waveforms of the output voltages for V=200

Vand—V,,=-1000V.

source —V,, was varied from —300 to —1000V while
the power source V., was kept constant at 200V.
The resulting current-voltage characteristic is shown
in figure 6. From this figure, as the power source —
V4o 1s varied from —300 to —1000V, the magnitude
of the output current I, increases from 95 to 170
mA, while that of I, decreases from 38 to 25 mA.
Since, the power sources were regulated separately,
the reduction in I is due the change in the test load
resistance with temperature. However, I, performs
as expected. The waveform of the output voltage
for +V,, = 200V and -V ,,=-1000V is shown in
figure 7, indicating a good operation in asymmetric
mode. This is nearly identical to those obtained from
a commercial power supply??19.

CONCLUSIONS

A bipolar pulsed-dc power supply which is ca-
pable of supplying either symmetric or asymmetric
pulsed-dc power of maximum peak-to-peak voltage
of 1250 V has been developed. The negative and
positive pulse widths are variable between 10-100
us, with maximum pulse frequency of 25 kHz. This
frequency limit is due to the limited speed of the
switching circuits under high voltage operations. It
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is anticipated that the constructed power supply can
be used as a plasma generator in a magnetron sput-
tering system for the deposition of oxide thin films

such as ALLO,, Na Co,0,,ITO and ZnO. This will
be further investigated.
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