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INTRODUCTION & EXPERIMENTAL SETUP The pressures at which minimum values of breakdown voltage occur are calculated | |4 Variation of breakdown voltage with pulsing frequency at
from the fitted curve and are independent of the electrode separation (Figure 4). : :
The behaviour of the breakdown voltage of a pulsed d.c. magnetron sputtering P P (Fig ) constant pressure and different operating currents
system (PDMS) under various operating conditions has been studied with
reference to Paschen’s Law [1]. 4.0x10 ?118 _ e
This work is a preliminary study of the effect of the working pressure, operating 3 Ex 107 480'_ I:Qgﬁggﬁ
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In the discharge, the voltage initially increases to -650 V but after 2.5 ys it stabilises S 2 54107 > 290l
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<Argon frequency Figure 7. Breakdown voltage with pulsing frequency at different operating currents | from 0.08

] [ PTFE Insulator When the operating current increases the breakdown voltage increases.The effect
T SIS Base of the perturbation due to pre-breakdown current can be suppressed by increasing
| I e | the operating current. The pre-breakdown current is of the order of mA.
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Figure 1 Schematic of Pulsed D.C Magnetron Sputtering System

RESULTS AND DISCUSSION

1. The behaviour of breakdown voltage with current at d.c.
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Figure 2 The behaviour of breakdown voltage with current at d.c.
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Figure 5 Changes in the Ar- Cu plasma discharge density at various operating 240 |-
The breakdown voltage decreases with increasing pressure in constant current pressures .
mode, and at a certain pressure it reaches a minimum value and then increases

thereafter exactly as Paschen explained in his work .
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The pressure at which the minimum breakdown voltage occurs shifts towards higher | | A prominent plasma colour change from purple to green was noticed between 6.0 X -
pressure when the operating current is increased for electrode separations of d = 10 10~ mbar and 1.0 x 10-* mbar o
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c¢m (Figure 2) and d = 6 cm (not shown). The plasma shape changed above 1.0 x 10> mbar to a semi-circular form. The Frequency (kHz)
2.The behaviour of breakdown voltage with pressure at diameter of the semi circle reduced when the pressure reached 3.5 x 102 mbar. | | equency
_ _ This could be due to the reduction in the mean free path with increase in pressure Figure 8. Behaviour of breakdown voltage with pulsing frequency at constant pressure of
constant current and different frequencies. P P ' 1.0x10-% mbar and different pulse off times off of 0.5 s, 1.0 us and 2.0s at d=10cm (a) d =
6 cm (b).
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[ a) o ae 3 Variation in breakdown voltage with pulsing frequency at At a constant frequency th_e Increase In .4 causes decreases in t,, and hence will
400 | —e— f=25kHz : : decrease the rate of formation of ions and secondary electrons.
- 4 f=50kHz different pressures and constant pulse-off time.
) 375_‘ :;jgg';flz A proposed explanation is that the greater number of metastable atoms from the
g 350 | > f=125kHz 400 previous cycle can produce a pre-breakdown current. There will be a rise in the pre-
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2 225r g 300F Paschen curves showing the behaviour of breakdown voltage with different
ZOO—W S 280+ operating parameters of a pulsed d.c. magnetron sputtering system have been
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Pressure (mbar) g 201 Breakdown voltage was found to decreases with increase in pulse off time at
Figure 3 Behaviour of breakdown voltage at different pressures at 1= 0.08 A , 7= 1us, d =10 m 220 i constant frequency.
cm (a) and d=6 cm (b). 0r These results are important when vacuum is used as an insulating medium and
The breakdown voltage (V,) decreases when the frequency increases. This is O 20 40 60 80 100 120 140 160 also when a pulsed d.c. supply is used as a power source for breakdown.
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o Figure 6 Behaviour of breakdown voltage with pulsing frequency at different low voltage and hence improve the sputtering performance and target life.

The breakdown voltage minima shift towards lower pressures with increase in | | Pressures and constant pulse off time 7z, =1 pysatd=10cm (a), d=6cm (b). _
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