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Introduction

• In the high power impulse magnetron sputtering (HiPIMS) the dis-
charge is created by applying a high power unipolar pulse of low duty
cycle to the cathode target (Helmersson et al., 2005, 2006).

• The high power pulse has a peak cathode voltage in the range 500 –
2000 V which gives peak power densities in the range 1 – 3 kW/cm2.

• For the high power impulse magnetron sputtering (HiPIMS) discharge

– Peak power ∼ kW/cm2.

– Average power ∼ W/cm2, no significant target heating.

– Repetition frequency 50 - 500 Hz.

– Duty cycle 1 - 5 %

• Electron density of the order of 1018 − 1019 m−3 has been reported
in the substrate vicinity (Gudmundsson et al., 2001; Pajdarová et al.,
2007)

• A high fractional ionization has been demonstrated and values higher
than 90 % have been reported (Bohlmark et al., 2005).

Experimental apparatus

• Argon (Ar) of purity 99.9997 %, was used as discharge gas.

• A standard planar magnetron source was operated with a 150 mm di-
ameter copper (Cu) target inside a stainless steel chamber, 460 mm in
diameter and 525 mm long.

• The discharge was operated in the pressures range 3 – 20 mTorr.
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Figure 1: The target current and target voltage versus time for
an argon discharge at 3 and 5 mTorr, pulse frequency 50 Hz and
average power 240 W. The target current peaks at 32 µs for 5
mTorr and at 36 µs for 3 mTorr.

• The Langmuir probe current-voltage (I-V) characteristic was recorded
and the second derivative was obtained by numerically differentiating
and filtering (Magnus and Gudmundsson, 2002) the measured curve
to determine the electron energy distribution function (EEDF) from
Druyvesteyn formula.

• The electron energy probability function (EEPF) is

gP(E) = E−1/2ge(E) (1)

• The electron density was found by

ne =

∫ ∞

0
ge(E)dE (2)

where E is the electron energy.

• The average electron energy is then

〈E〉 = 1
ne

∫ ∞

0
Ege(E)dE (3)

• The effective electron energy is defined as

Teff = 2
3〈E〉 (4)

• The plasma potential was determined from the zero point of the second
derivative of the electron probe current and the floating potential was
determined from the zero value of the total probe current.

Results and discussion

• The time evolution of the electron energy probability function (EEPF)
is shown in figures 2 and 3 for discharge pressure 3 and 20 mTorr,
respectively.

• The Langmuir probe was located under the racetrack, 80 mm from the
target surface.

• The pulse was roughly 80 µs long, the frequency 50 Hz and the average
power 135 W at 3 mTorr and 170 W at 20 mTorr.
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Figure 2: The time evolution of the electron energy probability
function (EEPF) under the racetrack, 80 mm from the target sur-
face, for an argon discharge at 3 mTorr.
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Figure 3: The time evolution of the electron energy probability
function (EEPF) under the racetrack, 80 mm from the target sur-
face, for an argon discharge at 20 mTorr.
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Figure 4: The effective electron temperature Teff versus time under
the racetrack, 80 mm from the target surface, for an argon discharge
at 3 and 20 mTorr.

• The effective electron temperature towards the end of the pulse cal-
culated using equations (3) and (4) is shown in figure 4 and is in the
range 0.5 – 1.5 V.

• The electron density peaks 78 µs into the pulse at 5 mTorr and 74 µs
into the pulse at 3 mTorr. The high plasma density wave travels faster
at lower discharge pressure (Gylfason et al., 2005).

• The negative peak in the floating potential at the beginning of the
pulse has been related to high energy electrons that are repelled from
the target by the rapid drop of the target potential at the initiation of
the pulse (Pajdarová et al., 2007).
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Figure 5: The electron density versus time for an argon discharge
at 3 and 5 mTorr. The Langmuir probe was located under the race-
track, 100 mm from the target surface, the pulse was roughly 80 µs
long, the frequency 50 Hz and the average power 240 W.
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Figure 6: The plasma potential and the floating potential versus
time for an argon discharge at 3 mTorr. The Langmuir probe was
located under the racetrack, 100 mm from the target surface, the
pulse was roughly 80 µs long, the frequency 50 Hz and the average
power 240 W.

Conclusions

• The electron density in the substrate vicinity peaks at 1 × 1019 m−3.

• The effective electron temperature during the pulse on period is in the
range 0.5 – 1.2 V and falls with time.
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