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In this work, the characteristics of high-current operation modes of planar magnetron sputtering system with
magnetically insulated anode without going to the arc discharge mode is investigated. The possibility of using an
additional spatially modulated magnetic field in the anode region to prevent a transition from the magnetron to the
arc is shown experimentally. It is shown that the use of such a magnetic field configuration provides efficient
interruption of the arc current without external forced shutdown of the discharge.

PACS: 51.50.+v, 52.25.Jm

INTRODUCTION

Magnetron sputtering systems (MSS) are widely
used in coating technology on substrates of different
materials [1]. Recently, the pulsed mode of operation
MSS becomes of interest, because it can reduce the
energy impact on the surface of the treated sample [2].
The synthesis coatings of complex composition,
expanding the range of process parameters, the
uniformity of the coating of complicated topography, as
well as the relative stability of arcing on the target is
provided by the high-density pulsed plasma. Pulse
magnetron discharge can exist in a wide range of
parameters; it has many forms, depending on the type of
electrode materials and design, configuration and
magnitude of the magnetic field, the characteristics of
the power supply. One of the main factors determining
the performance of the MSS is the configuration of the
magnetic field above the cathode of the magnetron,
which defines temperature influence on treated surface
and uniformity of the deposited coating [3, 4].

In this paper we investigate the features of high-
current modes of a planar MSS with a magnetically
insulated anode without transition to the arc discharge
mode. Experimentally was demonstrated the
opportunity of using additional spatially modulated
magnetic field in the anode region to prevent the
transition of the magnetron discharge operation mode to
the arc one.

1. EXPERIMENTAL METHODS

The experiments were performed using a
longitudinal planar MSS with copper sputtering target
size of 45x180 mm. Cross-section and planar magnetic
field configuration of MSS has been calculated using
the standard software package FEMM 4.0 [5].

The MSS and equipment were shielded with a
screen biased at floating potential. MSS design assumed
the setup of external anode magnetic circuit under
which 16 permanent magnets with a cubic shape
(10x10x10 mm) were installed. The distance between
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adjacent magnets was 27 mm. The polarity of the
magnets was selected in such a way that the direction of
the near-anode additional external magnetic field and
the magnetic field above the cathode coincide.

MSS was located in a vacuum chamber pumped
down to a pressure of 10° Torr. Working pressure was
maintained due to inlet of the argon gas through the gas
distribution system directly above the sputtering target.
MSS was operated by a pulsed power supply (no forced
limitation of the discharge current or interruptions was
used). None of the clamps of the power supply unit is
grounded.

In order to provide stable discharge ignition the
magnetic trap above the surface of the cathode pre-filled
by plasma, which was generated using pulse igniter
device similar to a Bosticks gun [6]. Voltage to the
electrodes of the MSS from the pulsed power source
applied with the delay of 10 us after the end of the pulse
ignition.

In the experiments, we measured the voltage and
current of discharge using capacitive voltage divider,
providing isolation from the ground, and a current
transformer, allowing registration of pulse processes in
a wide range of durations.

2. RESULTS AND DISCUSSION

Fig. 1 shows typical waveforms of the current (upper
trace) and voltage (lower trace) at a pressure of
(2...5)-107 Torr in the chamber. The duration of the
sweep is 5 ms. Amplifiers of both signals are positioned
on 1 V/div, which corresponds to a current of 16 4 and
voltage of 200 V.

Shape and duration of the waveforms of current and
voltage indicate that after discharge ignition MSS works
in a high-voltage mode when the voltage across the
electrodes is 200...300 /' and a current of 18...30 4
during few milliseconds. At the same time, the high-
frequency noise over the constant component of voltage
and current evidences short-term micro-breakdown
(sparking) on the cathode surface, due to which the
discharge voltage value is relatively low in comparison
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with the stationary mode (300...400 V). The value of
the discharge current for MSS with such dimensions of
the sputtering target significantly exceeds the typical
values of the steady-state current level (up to several
times). So discharge is unstable with respect to the
transition to the arc mode.

Fig. 1. Waveforms of the current (upper trace) and
voltage (lower trace) at a pressure of (2...5)-10” Torr in
the chamber

The transition to the arc mode is accompanied by a
sharp increase of the discharge current up to a value of
hundreds of amperes and breakdown voltage down to
tens of volts. Such failures are regularly seen in a few
milliseconds after the ignition of the discharge.
However, their duration does not exceed 0.5 ms after
which a reduction of the discharge current and restoring
the high voltage values on the electrodes is observed.
Thus, MSS with proposed configuration of the magnetic
field may work in conditions with high discharge
current. Discharge disruption to the arc mode effectively
suppressed by additional near-anode spatially
modulated magnetic field, providing additional
resistance to the arc current. It is lead to the death of the
cathode spots of the second kind. After some time of
discharge (from 3 to 12 ms) the plasma density in the
discharge increases to the value at which the collision
frequency becomes comparable to the electron-
cyclotron frequency. The effect of additional near-anode
spatially modulated magnetic field disappears and the
next transition to the arc discharge shortens the
discharge gap.

Fig.2 shows the waveforms of current and voltage at
increased pressure in the chamber. The final arc transition
occurs much faster, however the serial failures of the arc current
are observed. That indicates the death and subsequent rebirth of
the cathode spots of the second kind on the target surface.

Fig. 2. Waveforms of the current (upper trace) and
voltage (lower trace) at a pressure of 8-107 Torr in the
chamber
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Taking into account that the cathode spots move
along the zone of erosion in a transverse magnetic field
of the magnetron with a velocity of (7...10)-10° cm/s,
the duration of the bursts and disruptions of arc current
on the waveform corresponds to the period of the spatial
modulation of the additional near-anode magnetic field.

Fig. 3 shows a photo of the discharge in the MSS.
Exposure duration exceeds the duration of the voltage
pulse discharge, therefore, one can see place of birth,
death and the subsequent rebirth of the cathode spots, as
well as their trajectories on the surface of the target.

Fig. 3. Image of the discharge in MSS

CONCLUSIONS

In present work pulsed discharges with an average
current of the magnetron discharge up to few tens of
amperes and durations of up to 10 ms are obtained. Such
current value substantially exceeds the current in
steady-state regimes of the MSS. Taking into account
that the characteristic time of formation of the cathode
spots of the second kind is 0.1 ps received modes can be
considered as quasi-stationary.

Proposed magnetic field configuration using
provides an effective interruption of the arc current
without externally forced interruption of the magnetron
discharge. Voltage and current waveforms of the
discharge show that the frequency of pulses of arc
failures correspond to the spatial modulation of the
magnetic field, and their duration is less than the
characteristic time of formation of cathode spots of the
second kind. Photographing of the sputtered target
during the discharge pulse allow to classify failures as
the cathode spots of the first kind (sparks), which
significantly increases the erosion of the target material
in comparison with the regime of ion-atom sputtering,
without generating a droplet phase. Microscopic studies
of the deposited coatings shown absence of droplets and
solid fragments of the target material.
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CUWJIBHOTOYHBIE UMITYJIbCHBIE PEXKUMBbI PABOTHI IIJIAHAPHOM MPC
C MATHATOU3OJMPOBAHHBIM AHOJIOM BE3 IIEPEXO/IA PA3PSJIA B IYTOBOM PEXXUM

A.A. busiokos, K.H. Cepeoda, B.B. Cnenuos, H.K. Tapacos, A.I'. Yynaopa

HccnenoBanbl 0COOEHHOCTH CHIJIBHOTOYHBIX PEXHMMOB paOOThl IUIAHAPHOW MarHETPOHHOW PpacIbUIMTEIbHOM
CHCTEMBbl C MarHUTOM30JIMPOBaHHBIM aHOIOM Oe€3 Tmepexoja pas3psiia B JYrOBOH pPeXuM. DKCIEPUMEHTaJIbHO
IIOKa3aHa BO3MOXHOCTb UCIOJIb30BaHUs IIPOCTPAHCTBEHHO-MOAYIMPOBAHHOTO JOIIOJHUTEIbHOTO MArHUTHOTO I1OJISL
B IIPUAHOIHON 00JacTH JUIS MPEAOTBPALICHUS MTEPEX0/ia peKuMa padoThl U3 MarHETPOHHOTO B 1yroBoi. [lokasaHo,
YTO MCHOJIb30BaHUE TAKOW KOH(UIypaluy MarHUTHOTO Nois oOecrieunBaeT 3(QeKTHBHOE MpepbIBaHHE TyrOBOTO
TOKa 0€3 IPUHYIUTEIEHOTO BHEIIHETO BBIKJIFOUSHUSI MarHETPOHHOTO paspsiza.

CHJIBHOCTPYMOBI IMIIY.JIbCHI PEXKUMHU POBOTH ILJIAHAPHOI MPC
3 MATHITOI30JIbOBAHUM AHOJIOM BE3 IIEPEXO/Y PO3PSAIY B JIYTOBOM PEXXUM

O.A. bizioxoe, K.M. Cepeoa, B.B. Cnenuyos, I.K. Tapacos, A.I'. Yynaopa

JocmikeHi 0coOIMBOCTI CHIBHOCTPYMOBHX DPEXHMIB pOOOTH IUIAHAPHOI MarHeTPOHHOI PO3MHIIOBAIBHOL
CHCTEMH 3 MarHiTOi30JbOBaHUM aHOJIOM 0e3 Mepexony po3psay B JyroBHH pexxuM. EKcliepuMeHTa bHO MoKazaHa
MOJKJIUBICTh BHKOPHCTAHHSI MTPOCTOPOBO-MO/YIHOBAHOTO JIOMOMIXHOT'O MArHiTHOTO IMOJIsi B MPHAHOMHIN 00JacTi
JUIsl 3aro0iraHHs Mepexoay pexuMy poOOTH 3 MarHeTpOHHOro B JIyroBuid. IlokazaHo, 110 BUKOPUCTaHHSI Takol
KoH(pirypawii MarHiTHOro mnoms 3abesneuye e(eKkTHBHE INEepepHBaHHS JJyroBOrO CTPyMy O€3 HpHUMYCOBOTO
30BHIIIHBOTO BUMUKAHHS MarHEeTPOHHOT'O PO3psy.
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