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(57) Abstract: A pulse generation device (1) for generating pulses for a
magnetron sputtering system, such as high power impulse magnetron
sputtering (HiPIMS), the pulse generation device (1 ) having a power in-
put (3a, 3b, 3¢) and further comprises a first switching unit (4) generating
the pulses, the first switching (4) unit comprising at least two metal-insu-
lation-semiconductor field-effect transistors (MISFETSs) (51, 5,) connec-
ted in parallel, the power input (3a, 3b, 3c) being split into at least two
current channels, each current channel comprising a respective one of the
transistors (51, 5,), and a driver (6-1, 6,) assigned to each transistor (54,
5n). the pulse generation device further comprising a control unit (7)
which is arranged to control each transistor (51, 5n) individually and to
synchronize on and off of the transistors (51, 5;) through the drivers (6-1,
6,) such that current from the at least two current channels results in the
pulses.
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Technical Field

The present disclosure relates to a pulse generation device for a
magnetron sputtering system, a magnetron sputtering system comprising
such a pulse generation device, a method of generating pulses, a method of
generating plasma in a magnetron sputtering system, and a feedback system.

Technical Background

High power impulse magnetron sputtering (HIPIMS) is a physical vapor
deposition (PVD) technology that combines magnetron sputtering with pulsed
power technology. In HIPIMS high power (power which is significantly higher
than in DC or RF magnetron sputtering (up to 10° Watt or even more)) is
applied to the magnetron target in unipolar pulses with respect to a grounded
anode at low duty cycle to keep the average power much lower than the peak
power. This results in a high plasma density and high ionization fraction of the
sputtered vapor, which allows for a good control of the film growth by
controlling the energy and flux of deposition species.

It is a well-established fact that the rising time of the discharge current
requires tens or sometimes more than a hundred microseconds to reach
saturation. (With rising time is here meant the time period starting from the
beginning of the voltage pulse required for the current to reach its maximum
possible peak value for the given cathode voltage and pulsing parameters.)
This problem has been addressed to the imperfection of the plasma itself, i.e.
to the lack of charge carriers in the plasma, which might require these long
time periods to be developed.

Recently, however, the time lag between the voltage and current has
been addressed to the imperfection of the power supply, and to the slowness
of the switches used.

Traditional HIPIMS power supplies, which have existed for many years
on the market, display a typical discharge current waveform like the one
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shown in Fig. 1 (adapted from Hecimovic, A., et al., Plasma Sourc. Sc. and
Techn., 21 (2012) 035017). Here a titanium target is sputtered and it takes
more than 100 microseconds to reach saturation of the current (dashed line
curve). (It should be noted that the time to reach saturation may be different
for other target materials at the same pulsing parameters.) The system is
slow when it comes to plasma generation at short pulse lengths. If the
discharge voltage and the frequency are kept constant and the pulse length is
decreased to 20 microseconds, the current behavior will not change
drastically (for the current characteristics plotted for different discharge pulse
lengths see for example Lundin, D., et al., Plasma Sourc. Sc. and Techn,, 18
(2009) 045008). The discharge current waveform during such a pulse will look
as shown in Fig. 1 and is indicated by the dashed line curve enclosing the
checked pattern area. The discharge current obtained and the instantaneous
power which can be delivered to the discharge during the pulse are lower
than with a longer pulse. The rectangular region above the dashed line curve
shows how much power can be potentially delivered to the plasma if the
current rising time was shorter. Traditional HIPIMS power supplies do not
have such short current rising times and the utilization of the power input is,
hence, low.

In HIPIMS technology utilization of power supply units with insulated-
gate bipolar transistors (IGBT) as power switches is the standard. See for
example US 6,735,099 B2 in which a power supply HiIPIMS unit with a
switching element based on an H-bridge of four IGBTs is shown.

The slowness of IGBT switching systems do not allow for further
progress in HiPIMS technology, which should be naturally achieved by
increasing the power input during the pulse by decreasing its pulse length
(provided that the frequency and the average power are preserved). In case
of the existing knowledge, such a progress becomes impossible. Pulsing with
a pulse length shorter than 50 us is possible, but instead of receiving benefits
in terms of increased ionization rate, higher deposition rate, better film
structure, etc., the sputtering becomes less and less effective as the pulse
length becomes shorter.
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There is a problem of increasing the maximum average power with
traditional HIPIMS power supplies. Higher power inputs require either more
powerful IGBT transistors to be used or a larger number of them to be
installed. Nowadays the progress in the development of HIPIMS power
supplies is driven by the first possibility. This is because the complexity of the
process of simultaneous turning on/off of the transistors requires a
sophisticated control and timing unit. With high power IGBT transistors the
utilization of the second option is quite difficult and is associated with
unjustified risk of severe malfunction or even accidents in case of timing

mismatch in turning in/off the high power switches.

Summary of the Invention

It is an object of the present disclosure to provide a pulse generation
device for a magnetron sputtering system which results in a shorter rising
time of the discharge current to reach saturation in comparison with known
pulse generation devices. It is also an object to provide a magnetron
sputtering system comprising such a pulse generation device and methods of
generating pulses and of generating plasma in a magnetron sputtering
system. A further object is to provide a feedback system.

The invention is defined by the appended independent claims.
Embodiments are set forth in the dependent claims, in the attached drawings
and in the following description.

According to a first aspect there is provided a pulse generation device
for generating pulses for a magnetron sputtering system, the pulse generation
device having a power input and further comprises a first switching unit
generating the pulses, the first switching unit comprising at least two metal-
insulation-semiconductor field-effect transistors (MISFETs) connected in
parallel, the power input being split into at least two current channels, each
current channel comprising a respective one of the transistors and a driver
assigned to each transistor. The pulse generation device further comprises a
control unit which is arranged to control each transistor individually and to
synchronize on and off of the transistors through the drivers such that current
from the at least two current channels results in the pulses.
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The pulse generation device may be used for generating pulses for a
high power impulse magnetron sputtering (HIPIMS) system.

That on and off of the transistors is synchronized is meant that there is
a simultaneous turning on/off of the transistors. In other words the current
from the at least two channels is merged into one current.

Compared to known power generation solutions using IGBT, a higher
energy output can be obtained with this pulse generation device during a
single pulse, more current may be delivered to the plasma, with the same
cathode voltage average power input and pulsing parameters, i.e. a discharge
current is developed faster/current rising time is shorter.

Due to better pulsing characteristics of the MISFETs (such as turn-on
delay time, rise time, turn-off delay time and fall time) compared to IGBTs at
the stage of their opening a faster switching time is achieved with the present
pulse generation device. A discharge current is developed faster than with
IGBT based pulse generating devices.

The MISFET may be a meatal oxide semiconductor field effect transistor
(MOSFET).

Due to the parallel scheme of the pulse generation device a transistor
failure does not mean a failure of the whole pulse generation device. The
maximum current/power of the pulse generation device is decided by the
number of parallel connected current channels/transistors in the first switching
unit and makes the device scalable.

The range of the discharge current may be increased by increasing the
number of transistors (and the corresponding number of assigned drivers) in
the pulse generation device.

The pulse generation device may further comprise a second and/or a
third switching unit, each of the second and third switching units comprising a
transistor and a driver assigned to each transistor, wherein the second and
third switching units are arranged to generate respective pulses.

The transistors of the second and third switching units may be metai—
insulation—semiconductor field-effect transistors (MISFETS).

The MISFET may be a metal oxide semiconductor field effect transistor
(MOSFET).
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The pulse generation device may further comprise a protection system
arranged to generate a feedback signal to the control unit based on current
values of the at least two current channels.

The protection system may comprise a measuring device arranged to
measure a current value of each current channel. A comparing unit may be
assigned to each current channel and be arranged to compare a voltage
value from the measuring device corresponding to the current value for a
respective current channel with a reference voltage, wherein if the voltage
value is lower than the reference voltage, the comparing unit is arranged to
generate an output signal of a first type, and if the voltage value is higher than
the reference voltage for a current channel, the comparing unit is arranged to
generate an output signal of a second type. The control unit may be arranged
to in response to an output signal of the second type at least turn off the
transistor(s) in the current channel(s) causing output(s) of the second type.

It is, hence, possible to turn off only the malfunctioning transistor(s)
causing the output value(s) of the second type. If one or more transistors are
broken the whole protection system does not have to be turned off.

The transistor(s) may be turned off for a predetermined period of time,
which for example may be the end of the current pulse (minimum duration).
Alternatively, the transistor may be turned off for a predetermined number of
periods or until the transistor(s) has reached a certain temperature.

With this protection system overcurrent {i.&¢_an sxcass current) above

an automatically set threshold limit can be detected immediately and will not
put in danger the consistency of the whole pulse generation device.

The main advantage with this protection system is that there is no
need to adjust the reference voltage in each current channel every time the
pulsing parameters or the discharge voltage is changed. The protection
system calculates automatically what reference voltage to use at given
pulsing condition based on pulsing parameters and cathode voltage.

The measuring device may be a sweeping device sweeping all current
channels.

Alternatively, the measuring device may comprise a measuring unit

assigned to each current channel.
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The protection system may further comprise a receiving unit arranged
to receive output signals from each comparing unit and arranged to generate
and send a resulting output signal to the control unit if any of the output
signals from the comparing units is an output signal of the second type.

In response to this resulting output signal all transistors in the first
switching unit may be turned off.

According to a second aspect there is provided a magnetron sputtering
system comprising a sputtering chamber and a pulse generation device as
described above, wherein the first switching unit is arranged to generate
pulses for generation of a glow discharge in the sputtering chamber.

The second switching unit may be arranged to generate pulses to
create a discharge ignition in the sputtering chamber.

The third switching unit may be arranged to generate pulses to
maintain glow discharge in the sputtering chamber between pulses.

The pulse generation device may further comprise a substrate biasing
unit for biasing a substrate in the sputtering system.

The substrate biasing unit may have a power input and may further
comprise a fourth switching unit, the fourth switching unit comprising: a
current channel comprising a transistor and a driver assigned to the
transistor. The substrate biasing unit further comprising a control unit
controlling on and off of the fourth switching unit through the driver based on
a current value of the current channel.

The magnetron sputtering system may be a high impulse magnetron
sputtering system (HIPIMS).

According to a third aspect there is provided a method of generating
pulses, the method comprising the steps of:

- providing a main power input;

- splitting the main power input in at least two channels, each channel
comprising a respective metal-insulation-semiconductor field-effect transistor
(MISFET);

- providing a driver assigned to each transistor;

- providing a control unit for controlling each transistor individually and
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for synchronizing on and off of the transistors through the drivers such that
current from the at least two transistors results in the pulses.

The method may comprise a step of generating a feedback protection
signal to the control unit based on current values of the at least two current
channels.

The step of generating a feedback protection signal to the control unit
may comprise the steps of:

- measuring a current value of each current channel;

- comparing voltage values corresponding to the current values from
each current value measurement with a reference voltage;

- generating a comparative output signal of a first type if the voltage
value is lower than the reference voltage;

- generating a comparative output signal of a second type if the voltage
value is higher than the reference voltage;

- at least turning off the transistor(s) in the channel(s) causing output(s)
of the second type.

According to a fourth aspect there is a method of generating plasma in
a magnetron sputtering system, the method comprising the steps of

- generating pulses as described above;

- delivering the pulses to a sputtering chamber of the sputtering
system;

- generating a glow discharge in the sputtering chamber.

With the method of generating plasma a saturation of a discharge
current for a titanium target may be reached within a pulse length of less than
50 s, or less than 40 us, or less than 30 us, or less than 20 us.

According to a fifth aspect there is provided a feedback system having
at least two parallel current cannels, wherein the feedback system comprises:

- a measuring device arranged to measure a current value of each
current channel,

- a comparing unit assigned to each current channel and arranged to
compare a voltage value from the measuring device corresponding to the
current value for a respective current channel with a reference voltage,
wherein if the voltage value is lower than the reference voltage, the
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comparing unit is arranged to generate an output signal of a first type, and if
the voltage value is higher than the reference voltage for a current channel,
the comparing unit is arranged to generate an output signal of a second type;

- a control unit being arranged to receive the resulting output signal.

The measuring device may comprise a measuring unit assigned to
each current channel.

The feedback system may further comprise a receiving unit arranged
to receive output signals from each comparing unit and arranged to generate
and send a resulting output signal to the control unit if any of the output

signals from the comparing units is an output signal of the second type.

Brief Description of the Drawings

Fig. 1 shows a typical discharge current waveform for a prior art
HiPIMS power supply for a titanium target material.

Fig. 2 shows an electrical scheme of a pulse generation device
generating pulses to a sputtering system.

Fig. 3 shows an electrical scheme of a substrate biasing unit for
biasing a substrate in a sputtering chamber.

Fig. 4a schematically shows a method of generating a pulse and a
plasma in a sputtering chamber.

Fig. 4b schematically shows a method of generating a feedback
protection signal to the control unit based on current values of current
channels.

Fig. 5a and 5b show an illustrative comparison of how fast peak
current is reached with a plasma generating system comprising a prior art
pulse generation device and the pulse generation device shown in Fig. 2.

Fig. 6 shows saturation of the discharge current with the pulse
generation device of Fig. 2 at power inputs from 45.5 to 6.5 Watt when the
target material in the sputtering system is titanium.

Detailed Description

In Fig. 2 an electrical scheme for a pulse generation device 1
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generating pulses to a magnetron sputtering system 2 is shown. The
magnetron sputtering system 2 may be a magnetron sputtering system such
as a high power magnetron sputtering system (HiPIMS). The pulse
generation 1 device could also be used for example in electrical filters,
ozonizers and other plasma related applications characterized by non-linear
electrical loads (not shown).

The electrical scheme comprises a power input 3a, 3b, 3¢ (DC mode in
the range of 0-1200V), which could be provided by any type of power supply,
to power the pulse generation device 1.

The pulse generation device 1 comprises a first switching unit 4
comprising at least two metal-insulation-semiconductor field-effect transistors
(MISFETS) 54, 5, connected in parallel. The power input is split in at least two
current channels, each current channel comprising a respective one of the
transistors 54, 5,. Due to the split of the power input 3a a current in each
channel/through each transistor 54, 5, is lower than the current of the power
input 3a. The transistors 54, 5, may be placed physically apart from each
other to facilitate cooling thereof.

The number of transistors 54, 5, connected in parallel in the pulse
generation device 1 may be any number. The upper limit is defined only by
the required output power Pnaxor by the required output current Inax The
number of transistors n can be estimated by the formula n=Ila/lp+0.2(Imax/Ip),
where Ip is the maximum allowed continuous drain current, 0.2 is the
assurance coefficient. The MISFETs may be metal oxide semiconductor field
effect transistors (MOSFETS).

A driver 64, 6,, i.e. a gate driver, is assigned to each transistor 54, 5,
and used to regulate current flowing through the respective transistor. The
driver 61, 6, may comprise a level shifter in combination with an amplifier. The
driver amplifies a signal from a control unit 7 to an amplified signal for the
gate of the transistor 54, 5.

The control unit 7 is arranged to control each transistor 54, 5,
individually and to synchronize on and off of the transistors through the
drivers 64, 6, such that current from the at least two current channels results
in the pulses, i.e. there is a simultaneous turning on/off of the transistors. In
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other words the current from the at least two channels is merged into one
current.

The control unit 7 may be a microprocessor comprising functions such
as memory, calculation ability, logic unit etc. It may also serve as a master
clock generator, which defines pulse frequency, pulse duration, off times, and
delay times for all transistors. Apart from that, the control unit 7 may receive
data from the measuring device/units 404, 40,, and may define the adaptive
reference (or threshold) voltages. For example, the higher pulse duration, the
lower reference voltage is required. The output from the pulse generation
device 1 may be increased by adding more parallel channels each comprising
a respective transistor 54, 5.

The control unit 7 may automatically increase/decrease the maximum
allowed current passing through a transistor 54, 5, by analyzing changes of
pulsing parameters (duty cycle, pulse length, off-time, frequency etc.).

The magnetron sputtering system 2 may further comprise a sputtering
chamber 8 and the first switching unit 4 of the pulse generation device 2 may
be arranged to generate a glow discharge in the sputtering chamber 8.

A storage capacitor 9 may be arranged to provide the power input 3a
to the transistors 54, 5,. The nominal value and characteristics of the storage
capacitor 9 should be sufficient to maintain the discharge voltage in the
sputtering chamber 8 during the pulse.

The pulse generation device 1 may further comprise a second and/or a
third switching unit 20, 30, each of the second and third switching units
comprising a transistor 21, 31 and a driver 22, 32 assigned to each transistor,
wherein the second and third switching units 20, 30 are arranged to generate
respective pulses. The transistors 21, 31 of the second and third switching
units may be field-effect transistors (MISFETS), such as metal oxide
semiconductor field aeffect transistors (MOSFET).

The second switching 20 unit may generate pulses to create a
discharge ignition in the sputtering chamber 8 of the sputtering system 2. The
third switching 30 unit may generate pulses to maintain glow discharge in the
sputtering chamber 8 between pulses.
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The second and/or third switching units 20, 30 may be optional in the
pulse generation device 1 and in the sputtering system 2.

Compared to known power generation solutions using IGBT, a higher
energy output can be obtained with the present pulse generation device 1
during a single pulse, more current may be delivered to the plasma, with the
same cathode voltage average power input and pulsing parameters, i.e. a
discharge current is developed faster/current rising time is shorter.

Due to better pulsing characteristics of the MISFETs (such as turn-on
delay time, rise time, turn-off delay time and fall time) compared to IGBTs at
the stage of their opening a faster switching time is achieved with the present
pulse generation device 1. A discharge current is developed faster than with
IGBT based pulse generating devices.

Due to the parallel scheme of the pulse generation device 1 a
transistor failure does not mean a failure of the whole pulse generation device
1. The maximum current/power of the pulse generation device 1 is decided by
the number of parallel connected current channels/transistors 54, 5, in the first
switching unit 4 and makes the device scalable.

The range of the discharge current may be increased by increasing the
number of transistors 51, 5, (and the corresponding number of assigned
drivers (64, 65)) in the pulse generation device 1.

With a sputtering system 2 comprising a pulse generation device 1 as
described above it is possible to reach saturation of a discharge current for a
titanium target with a pulse length of less than 50 us, or less than 40 us, or
less than 30 us, or less than 20 s, see Figs. 5 and Fig. 6.

Fig. 5a and 5b show a comparison of rising times with a sputtering
system comprising a prior art pulse generation device and the pulse
generation device 1 as described above. As is illustrated in these figures the
present pulse generation device 1, Fig. 5b, is more effective because more
power can be delivered into the discharge than with the prior art pulse
generation device, Fig. 5b, in the same time.

Fig. 6 shows the results of measurements confirming the saturation of
the discharge current with the present pulse generation device at power
inputs from 45.5 to 6.5 Watt and within 10 to 15 microseconds when the
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target material in the sputtering system 2 is titanium. In the pulse generation
device used for this particular experiment nine C2M SiC MOSFET transistors
with Continuous Drain Current of 36 A were used in parallel. For each
transistor a driver (Gate Driver Optocoupler) HCPL 3120 was assigned. The
capacitor used was a metalized polypropylene capacitor (WIMA DC-
LINKMKP 6 from WIMA). A HIPIMS compatible magnetron system was used.
The Ar pressure in the sputtering chamber was 12 mTorr. The pulsing
frequency was 1 kHz. The target was a 2 inch Ti target. The power, current
and voltage are shown in Fig. 6.

Comparing Fig. 6 with diagrams of conventional pulse generation
systems and titanium as the target material, see Fig. 1, it was found that the
time to reach saturation of the discharge current was about 10 times faster
with the present power generation device 1 than with the prior art pulse
generation device. The results proved the possibility to use much higher
currents during the on-time compared to conventional systems based on
IGBT transistors. The deposition rate of the corresponding sputtering process,
HiPIMS, showed that it is comparable to DC discharge, while the sputtering
efficiency was even higher than in DC discharge. The deposition rate of
HiPIMS discharge is known to be much lower than the rate of DC sputtering,
especially at pulse lengths of 20 us and shorter. The experiments with the
pulse generation device showed that the HIPIMS discharge can be as
effective as DC sputtering in terms of deposition rate, while proposing all
known benefits of HIPIMS in terms of film quality.

The pulse generation device 1 may further comprise a protection
system arranged to generate a feedback signal to the control unit 7 based on
current or voltage values of the at least two current channels.

The protection system may be an external protection system or an
integrated closed loop protection system.

The protection system may comprise a measuring device comprising a
measuring unit 404, 40, assigned to each current channel and arranged to
measure a current value or a voltage value.

Alternatively, the measuring device may be a sweeping measuring
device sweeping all current channels.
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The measuring unit 404, 40,, may be a current sensor measuring a
current in the current channel and generating a voltage which is proportional
to the current in the current channel. The current sensor may for example be
a Hall effect sensor.

A comparing unit 414, 41, may be assigned to each current channel
and the comparing unit may be arranged to compare a voltage value
corresponding to the current value from the respective measuring unit 404,
40, (or sweeping measuring device) with a reference voltage. The comparing
unit may be a comparator, such as a voltage comparator. A digital-to
analogue converter 42 may be arranged for transferring the reference voltage
from the control unit 7 to the comparing units 414, 41,.. Alternatively, the
comparing unit 414, 41, may be built from different logical elements, but will
have the same function of detecting the overcurrent in every channel. A
separate case is when the function of the comparing unit is performed by the
control unit (7). The reference voltage may be determined by the pulsing
parameters, such as the duty cycle, pulse length, off-time, frequency etc. If,
for example, the pulse duty cycle is changed the reference voltage should be
changed. The control unit 7 regulates the reference voltage to adapt to new
pulsing parameters. At lower duty cycle the reference voltage can be higher.
At higher duty cycle it should be settled to lower values to protect the
transistors 54, 5.

The reference voltage is the same for all current channels controlled
with transistors of the same type. If the voltage value corresponding to the
current in the current channel is lower than the reference voltage, the
comparing unit 414, 41, is arranged to generate an output signal of a first
type, and if the voltage value is higher than the reference voltage for a current
channel, the comparing unit 414, 41,, is arranged to generate an output signal
of a second type.

A receiving unit 43 may be arranged to receive output signals from
each comparing unit 414, 41,, and be arranged to generate a resulting output
signal if any of the output signals from the comparing units 414, 41, is an
output signal of the second type.
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The receiving unit 43 may be a function in the control unit 7. The
receiving unit may alternatively be a separate unit such as a logical
disjunction element, e.g. an N-channel disjunctor, providing the signal for the
control unit to stop pulse generation in an electrical circuit. The disjunction
element may be an OR logical element. Alternative schemes with other
logical elements are possible. For example, logical conjunction element
instead of the logical disjunction element can be used if for example the
signals from the comparing units 414, 41, are inverted before they reach the
logical conjunction element.

For an OR logical element, if the voltage generated by the measuring
unit 404, 40, is lower than the reference voltage for the current channels, the
comparing unit 414, 41, is arranged to send an output signal of a first type to
the receiving unit 43, a logical zero (“0”). If the voltage generated by the
measuring unit 404, 40, is higher than the reference value, the comparing unit
414, 41, is arranged to send a signal of a second type to the receiving unit 43,
a logical 1 ( “17). The receiving unit 43 monitors all these signals from the
comparing units 414, 41,, and as soon as it receives a “1” it generates “1” to
the control unit 7.

Alternatively the receiving unit 43 may be an AND logical element. If
the voltage generated by the measuring unit 404, 40, is lower than the
reference voltage for the current channels, the comparing unit 414, 41, is
arranged to send an output signal of a first type to the receiving unit 43, a “1”.
If the voltage generated by the measuring unit 404, 40, is higher than the
reference value, the comparing unit 414, 41, is arranged to send a signal of a
second type “0” to the receiving unit 43. The receiving unit 43 monitors all
these signals from the comparing units 414, 41, and as soon as it receives a
“0” it generates “0” to the control unit 7.

The control unit 7 may be arranged to receive the resulting output
signal and to turn off the transistors 54, 5, through the drivers 64, 6, In
response to the resulting output signal. In response to this resulting output
signal all transistors in the first switching unit may be turned off.

The transistor may be turned off for a predetermined period of time,
which for example may be the end of the current pulse (minimum duration).
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Alternatively, the transistor may be turned off for a predetermined number of
periods or until the transistor(s) has reached a certain temperature.

Alternatively the control 7 unit may be arranged to directly receive the
output signals of the first and second type from the comparing unit without
there being a separate receiving unit in the pulse generation device and at
least turn off the transistor(s) 51, 5, in the current channel(s) causing output(s)
of the second type for a predetermined length of time. With this alternative it
is possible to turn off only the malfunctioning transistor(s) causing the output
value(s) of the second type. With this set up of the protection system, if one or
more transistors are broken the whole protection system is not turned off.

One advantage of a separate receiving unit 43 is that the scheme of
the pulse generation device 1 is simpler.

With this protection system the overcurrent above an automatically set
threshold limit can be detected immediately and will not put in danger the
consistency of the whole pulse generation device 1.

The main advantage with this protection system is that there is no
need to adjust the reference voltage in each current channel every time the
pulsing parameters or the discharge voltage is changed. The protection
system calculates automatically what reference voltage to use at given
pulsing condition based on pulsing parameters and cathode voltage. Prior art
do not use adaptive voltages, but instead a constant voltage level determined
by a user.

The sputtering system 2 may also comprise a substrate biasing unit
60, see Fig. 3, for biasing a substrate 50 in the sputtering system 2.

The substrate biasing unit 60 has a power input 3d and may further
comprise a fourth switching unit 61 comprising a current channel comprising a
transistor 62 and a driver 63 assigned to the transistor. The power input 3d for
the biasing unit 60 could be provided by a separate power supply. A control
unit 64 may control on and off of the fourth switching unit 61 through the
driver 63 based on a current value of the current channel.

The control unit 64 may be the same control unit 64, 7 as in the pulse
generation device 1. The biasing unit 60 may comprise a storage capacitor 65
to store electrical power to be delivered through the transistor 62.
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The biasing unit 60 may comprise a measuring unit 66 such as a
current sensor measuring a current value in the current channel. The output
voltage value from the sensor is sent to the control unit 64. If there is a
shortcut this value is a high voltage and the control unit 64 turns off the

5 substrate bias.

A method of generating pulses is illustrated in Fig. 4a, the method
comprising the steps of:

- providing a main power input 100;

- splitting the main power input into at least two channels 101, each

10 channel comprising a respective transistor;

-providing a driver assigned to each transistor 102;

- providing a control unit for controlling each transistor individually and
for synchronizing on and off of the transistors through the drivers such that
current from the at least two transistors results in the pulses 103.

15 To scale up the maximum power output of the pulses the main power
input may be split into more channels, each provided with a respective
transistor assigned with a respective driver.

The method may further comprise a step of generating a feedback
protection signal to the control unit based on current or voltage values of the

20 at least two current channels.

The step of generating a feedback protection signal to the control unit
may comprise the steps of (see Fig. 4b):

- measuring a current value of each current channel 200;

- comparing voltage values corresponding to the current values from

25 each current value measurement with a reference voltage 201;

- generating a comparative output signal of a first type if the voltage
value is lower than the reference voltage 202;

- generating a comparative output signal of a second type if the voltage
value is higher than the reference voltage 203;

30 - at least turning off the transistor(s) in the current channel(s) causing
output(s) of the second type for a predetermined length of time 204.

In Fig. 4a is also a method of generating a plasma in a sputtering
system illustrated, the method comprising the steps of
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- generating pulses according to the method described above 100,
101, 102, 103;

- delivering the pulses to a sputtering chamber of the sputtering system
104;

- generating a glow discharge in the sputtering chamber 105.
A feedback system having at least two parallel current channels is
shown in Fig. 2, the feedback system comprising:

- a measuring unit 404, 40, assigned to each current channel and
arranged to measure a current value,

- a comparing unit 414, 41, assigned to each current channel and
arranged to compare a voltage value corresponding to the current value from
the respective measuring unit 404, 40, with a reference voltage, wherein if the
voltage value is lower than the reference voltage, the comparing unit 414, 41,
is arranged to generate an output signal of a first type, and if the voltage
value is higher than the reference voltage for a current channel, the
comparing unit 414, 41, is arranged to generate an output signal of a second
type;

- a control unit 7 being arranged to receive the output signals.

The feedback signal may further comprise a receiving unit 43 arranged
to receive output signals from each comparing unit 414, 41, and arranged to
generate and send a resulting output signal to the control unit if any of the
output signals from the comparing units 414, 41, is an output signal of the

second type.
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CLAIMS

1. A pulse generation device (1) for generating pulses for a magnetron
sputtering system, the pulse generation device (1) having a power input (3a,
3b, 3c) and further comprises:

- a first switching unit (4) generating the pulses, the first switching (4)

unit comprising:

- at least two metal-insulation-semiconductor field-effect
transistors (MISFETS) (54, 5,) connected in parallel, the power
input (3a, 3b, 3c) being split into at least two current channels,
each current channel comprising a respective one of the
transistors (51, 5p);

- a driver (64, 6,) assigned to each transistor (54, 5,); and

- a control unit (7) which is arranged to control each transistor (54, 5;)
individually and to synchronize on and off of the transistors (54, 5,) through
the drivers (64, 6,) such that current from the at least two current channels

results in the pulses.

2. The pulse generation device (1) according to claim 1, wherein the
pulse generation device (1) further comprises a second and/or a third
switching unit (20, 30), each of the second and third switching units
comprising a transistor (21, 31) and a driver (22, 32) assigned to each
transistor (21, 31), wherein the second and third switching units (20, 30) are

arranged to generate respective pulses.

3. The pulse generation device (1) of claim 2, wherein the transistors
(51, 5n, 21, 31) are metal-insulation—semiconductor field-effect transistors
(MISFETS).

4. The pulse generation device (1) of any of the preceding claims,
further comprising a protection system arranged to generate a feedback
signal to the control unit based on current values of the at least two current

channels.
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5. The pulse generation device (1) of claim 4, wherein the protection
system comprises:

- a measuring device (404, 40,) arranged to measure a current value of
each current channel,

- a comparing unit (414, 41,,) assigned to each current channel and
arranged to compare a voltage value from the measuring device (404, 40,)
corresponding to the current value for a respective current channel with a
reference voltage, wherein if the voltage value is lower than the reference
voltage, the comparing unit (414, 41,) is arranged to generate an output signal
of a first type,

and if the voltage value is higher than the reference voltage for a
current channel, the comparing unit (414, 41,) is arranged to generate an
output signal of a second type;

- the control unit (7) being arranged to in response to an output signal
of the second type at least turn off the transistor(s) (54, 5,) in the current

channel(s) causing output(s) of the second type.

6. The pulse generation device of claim 5, wherein the measuring
device (404, 40,) comprises a measuring unit (404, 40,) assigned to each
current channel.

7. The pulse generation device of claim 5 or 6, wherein the protection
system further comprises:

- a receiving unit (43) arranged to receive output signals from each
comparing unit (414, 41,) and arranged to generate and send a resulting
output signal to the control unit if any of the output signals from the comparing

units (414, 41,) is an output signal of the second type.

8. A magnetron sputtering system (2) comprising a sputtering chamber
(8) and a pulse generation device (1) according to any of the preceding
claims, wherein the first switching unit (4) is arranged to generate pulses for
generation of a glow discharge in the sputtering chamber (8).
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9. The magnetron sputtering system (2) according to claim 8 when
dependent on any of the claims 2 to 7, wherein the second switching unit (20)
is arranged to generate pulses to create a discharge ignition in the sputtering

5 chamber (8).

10. The magnetron sputtering system (2) according to claim 8, when
dependent on any of the claims 2 to 7, or according to claim 9, wherein the
third switching unit (30) is arranged to generate pulses to maintain glow

10 discharge in the sputtering chamber (8) between pulses.

11. The magnetron sputtering system (2) according to any of the
preceding claims 8 to 10, wherein the pulse generation device (1) further
comprises a substrate biasing unit (60) for biasing a substrate (50) in the

15 sputtering system (2).

12. The magnetron sputtering system (2) according to claim 11,
wherein the substrate biasing unit (60) has a power input and further
comprises:

20 - a fourth switching unit (61), the fourth switching unit comprising:
- a current channel comprising a transistor (62);
- a driver (63) assigned to the transistor (62),

- a control unit (64, 7) controlling on and off of the fourth switching unit

(61) through the driver (62) based on a current value of the current channel.

25
13. The magnetron sputtering system according to claim 12, wherein
the magnetron sputtering system is a high impulse magnetron sputtering
system (HiPIMS).
30

14. Method of generating pulses, the method comprising the steps of:

- providing a main power input (100);
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- splitting the main power input into at least two channels, each
channel comprising a respective metal-insulation-semiconductor field-effect
transistor (MISFET) (101);

- providing a driver assigned to each transistor (102);

- providing a control unit for controlling each transistor individually and
for synchronizing on and off of the transistors through the drivers such that

current from the at least two transistors results in the pulses (103).

15. The method of claim 14, further comprising a step of generating
a feedback protection signal to the control unit based on current or voltage
values of the at least two current channels.

16. The method of claim 15, wherein the step of generating a feedback
protection signal to the control unit comprises the steps of:

- measuring a current value of each current channel (200);

- comparing voltage values corresponding to the current values from
each current value measurement with a reference voltage (201);

- generating a comparative output signal of a first type if the voltage
value is lower than the reference voltage (202);

- generating a comparative output signal of a second type if the voltage
value is higher than the reference voltage (203);

- at least turning off the transistor(s) in the current channel(s) causing
output(s) of the second type (204).

17. Method of generating plasma in a magnetron sputtering system,
the method comprising the steps of

- generating pulses according to any of the claims 15 to 17 (100, 101,
102, 103);

- delivering the pulses to a sputtering chamber of the sputtering system
(104);

- generating a glow discharge in the sputtering chamber (105).
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18. The method of claim 17, wherein saturation of a discharge current
for a titanium target is reached within a pulse length of less than 50 us, or less
than 40 ps, or less than 30 us, or less than 20 us.

19. A feedback system having at least two parallel current cannels,
wherein the feedback system comprises:

- a measuring device (404, 40,) arranged to measure a current value of
each current channel,

- a comparing unit (414, 41,,) assigned to each current channel and
arranged to compare a voltage value from the measuring device (404, 40,)
corresponding to the current value for a respective current channel with a
reference voltage, wherein if the voltage value is lower than the reference
voltage, the comparing unit (414, 41,) is arranged to generate an output signal
of afirst type, and if the voltage value is higher than the reference voltage for
a current channel, the comparing unit is arranged to generate an output signal
of a second type;

- a control unit (7) being arranged to receive the output signals.

20.  The feedback system of claim 19, wherein the measuring device
(404, 40,) comprises a measuring unit (404, 40,) assigned to each current

channel.

21. A feedback system according to claim 19 or 20, further comprising:

- a receiving unit (43) arranged to receive output signals from each
comparing unit (414, 41,) and arranged to generate and send a resulting
output signal to the control unit (7) if any of the output signals from the

comparing units (414, 41,) is an output signal of the second type.
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