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ABSTRACT

Modulated pulse power (MPP) sputtering isavariation of high
power pulse magnetron sputtering that overcomes the rate loss
issue through modulation of the pulse shape, intensity, and
duration. In addition with MPP, the pulse shape and duration
and plasma perturbations directly affect the degree of ioniza-
tion of the sputtered material. In this study, Cr and CrN films
were sputtered with the modulated pulse power sputtering
approach. The applied voltage pulse shape to the magnetron
generated a high power pulse discharge and directly affected
the degree of ionization of the sputtered material. Layers
of Cr and reactively deposited CrN films were alternately
deposited, and the thickness and structure of each nanolayer
were controlled by varying the output voltage pulse shape of
the MPP plasma generator. The film structure, orientation,
and mechanical properties were analyzed and measured. The
results of the film property measurements are presented.

INTRODUCTION

Multilayered films having layers with different composition
experience particularly high hardness levels that are different
compared with the monolayer films values [1-2]. Very often
PVD sputtered films have a columnar structure, and the film
properties and performance depend on this structure. Film
properties and performance can be changed and possibly
enhanced by producing a non-columnar structure. One of the
ways to break up a columnar structure is to sputter layered
films. The layer thickness can be in the nanometer range or
greater. There are two possible approaches to deposit layered
films. One is to sputter layers from different materials, and
the other approach is to sputter layers from the same mate-
rial. If the layers are sputtered from the same material, it is
necessary to use different sputtering conditions for each layer
assuming that the different conditions will give a different
layer structure.

The MPP sputtering technique, which is a relatively new
development [3-8] within the high power pulsed magnetron
sputtering field, utilizes two-step unipolar negative pulses
for generation of a highly ionized plasma. By changing the
voltage pulse shapes, it is possible to generate magnetron
discharges with different levels of ionization. In this case
instead of having composition modulation (sputtering layers
from different materials), there will be an energy modulation
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during deposition since every other layer is sputtered under
different conditions. Such a unique pulse train can produced
from the Zpulser plasma generator [9] that has the ability to
generate arbitrary negative voltage pulse shapes.

The object of thiswork was to demonstrate thata multilayered
film could be deposited when every other layer was deposited
with a different pulse shape or a different level of ionization
(ionization modulation) [10].

EXPERIMENTAL

Two different sputtering systems were used in this work,
and a Zpulser plasma generator was used on each system.
Conventional magnetron sputtering sources were used for
sputter deposition of Cr and reactive CrN films. The first
system had a circular magnetron (CM) with a target diameter
of 10 cm, and the second one had a rectangular magnetron
(RM) with target dimension of 7cm x 20 cm. The two mag-
netrons had different values of the magnetic field strength.
In both systems, the argon and nitrogen were injected close
to the target surface. The ratio of Ar to N, was 1:1 for both
sputtering systems. The total pressure was approximately 6
mTorr for the CM configuration and about 10 mTorr for RM
configuration. The substrates used for these experiments were
silicon wafers. During the sputtering process, a DC negative
bias in the range 25-100 V was applied to the substrate. The
distance between target and substrate was approximately 12
cm for both systems.

The average power for CM configuration was approximately
1.1 kW, and the peak power density was in the range of 220
W/cm?. The average power for RM configuration was ap-
proximately 1.5 kW, and the peak power density was in the
range of 250 W/cm?, The total deposition time for of CrN
films for CM configuration was 2400 sec, and for the Cr films,
it was 1200 sec. The deposition time for RM configuration
was 900 sec. A DC bias voltage of -25 V was used in the
CM system, and bias voltages of -25 and -100 V were used
in the RM system.

The microstructure of the coatings was examined by cross-
section scanning electron microscopy (SEM), and the hard-
ness and elastic modulus of the coatings was measured by
nanoindentation testing. The composition of the films was
determined by X-Ray photoelectron spectroscopy (XPS).
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The method of sputtering films with different voltage pulse
shapes to produce a layered structure is shown schematically
in Figure 1.
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Figure 1: Method of sputtering films with different voltage pulse
shapes.

For the CM configuration, two different pulse shapes with
durations of 700 esec (pulse 1) and 1500 esec (pulse2) were
used. For the RM configuration, the two different voltage
pulse shapes had durations of 500 esec duration (pulse 1)
and 3000 esec (pulse 2). All pulse shapes consisted of two
stages. The firstwas alow power magnetron discharge and the
second was a high power magnetron discharge. The thickness
of the deposited film was a function of the deposition time
for each pulse shape.

RESULTS AND DISCUSSION

The voltage, current, and substrate ion current shapes for
pulse 1 and pulse 2 are presented in Figures 2 and 3 for the
CM system. A weakly ionized plasma was established in the
first step of the pulse, and then the strongly ionized plasma
was formed by increasing the voltage on the cathode in step
two of the pulse. There is a significant increase in the target
current and power during the second step of the pulse. Each
pulse has a separate repetition rate, and the time that each
pulse was used to produce a layer was varied over the course
of the experiments.
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Figure 2: Discharge voltage (top, absolute value), discharge current
(middle) and ion substrate current (bottom) traces from oscilloscope
screen for pulse 1.
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Figure 3: Discharge voltage (top, absolute value), discharge current
(middle) and ion substrate current (bottom) traces from oscilloscope
screen for pulse 2.

The SEM images for samples M#1, M#2, and M#3, which
were reactively deposited, are presented in Figures 4, 5, and
6. The T1 and T2 times (see Figure 1) varied from 5 to 15
seconds for these 3 samples, and the repetition rates were 160
and 50 Hz, respectively for pulse 1 and pulse 2. Although the
average power was the same for pulse 1 and pulse 2, the peak
power was higher during pulse 2.

The SEM images of these 3 samples show that the columnar
structure, which is typical in PVD hard coatings, does not
exists. Although transmission electron microscopy has not
been used yet to examine these samples, it appears from the
SEM images that the grain structure is equiaxed, and that
the grain size varies depending on the deposition time used
with each pulse. The hardness for these 3 samples was about
26 GPa, and the Young’s Modulus was ranged from 304 to
322 GPa. The XPS analysis showed that the composition
of these films was Cr,N with about 3-5 atomic percent of
oxygen in the films.
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Figure 4: The microstructure of sample M#3 sputtered with pulse
1 and pulse 2 deposition times of 5 sec each.






