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Introduction

Inductively coupled plasma (ICP) has been widely
used for plasma processing of materials such as
deposition of film and etching because of its advantage
[1]. A new ICP system using burst wave has been
developed [2]. In this system, the frequency is set to
100-200 kHz, which is not necessary for the
impedance matching circuit required in conventional
ICP systems, and the high power can be delivered to
the plasma. Therefore, high density plasma can be
obtain in this system. In addition, the burst width and
duty ratio can be freely set to optimize the process
condition.

In this study, Electron temperature and plasma density
in the high power pulsed ICP were estimated by
numerical calculations based on calculated using
global model. The results were compared those
obtained by of double-probe measurement.

Experimental Setup

Figure 1 shows a schematic of the experimental
apparatus. The vacuum chamber consisted of a
cylindrical glass tube. The plasma source consisted of
a solenoid coil (50 turns, length 70 mm, 83uH) wound
on a glass tube. A capacitor (12 nF) was connected to
the coil in parallel and was used to make a resonance
circuit. The 400 ps wide high voltage burst pulses with
frequency 157 kHz were generated using power supply
(PS-1, PEKURIS KJ14-4873) and applied the solenoid
coil to generate ICP. The repetition rate of the burst
pulse is 25 Hz. nitrogen gases were supplied though
mass  flow  controllers  (SEC-400MK3  and
SEC-E40MK3, HORIBA) into the chamber. Pressure
inside the chamber is 2 Pa. Input power is in range of
6.4-8.5 KW. The electron temperature and ion density
are measured using a double probe. The probe has two
cylindrical stainless steel electrodes with a diameter of
0.4 mm and exposed length of 3 mm. The distance
between the electrodes is 8.5 mm. The potential of the
probe is varied from —40 to 40 V using a variable
resistor and dc power supply. The probe current is
measured by the current transformer (Pearson, Current
monitor model 110A), where the tip of the probe is
placed 45 mm from the solenoid coil center. The global
model analysis is obtained by calculating the particle
balance equation and the energy balance equation.
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Fig. 1. Schematic of the experimental apparatus.
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Fig. 2 Input power dependence of (a) electron
temperature and (b) ion density.

Results

Fig. 2 shows the input power dependence of (a)
electron temperature and (b) plasma density. The ion
density increased with increasing input power. The
electron temperature was almost independent of the
temperature and plasma density shows that the
calculated and experimental values have similar
tendency with respect to the input power. The electron
temperature is obtained as 2-4 eV. The plasma density
is on the order of 108-10'° m=3,

References

[1] J. Hopwood, Plasma Source Sci. Technol. Vol. 1, p.
109-116, (1992)

[2] K. Yukimura et al., IEEE Trans. Plasma Sci. Vol. 39, p.
3085-3093, (2011)



