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The dynamic behaviors of a radio-frequency pulsehmfeded argon inductively coupled plasma (ICP)
in atmospheric pressure are investigated experattgnhe experimental observations reveal that, a
rapid increase of the coil loading resistance aaxtehse of the effective coil inductance occurindur
the dynamic change of plasma from electrostdjct§ electromagneticH) mode. As a result, the rf
coil current drops abruptly when the load changesifthe E to H mode, thereby decreasing the
absorbed power and thus the ERF conversion efficiency. A method of enhancing tlo@version
efficiency by controlling the gate driving frequeris also discussed.

1. Introduction frequency of 1.12 MHz and rf power of about 3.5 kW.

OIThe rf power is modulated with a 88000 ms square

A typical radio frequency (rf) inductively couple . :
: ve pulse. An L-C matching network is employed to
plasma (ICP) can usually be generated by applylngg&mize the power coupling. Spark discharge

ower in a Pyrex or quartz chamber filled with iner . ; ) o ;
gas such as X\r, He ect]c. and wound with an inductic'iﬂChn'que [2]is applied to initiate the discharge.

coil of a few turns. At the initial phase of rf
breakdown, an electrostatic discharged{scharge) is
generated by the strong electrostatic field (0D At the initial phase of rf breakdown, streamerlike
kV/m) due to high rf voltage on the induction coil fordischarge oE discharge [Fig. 1(a)] is generated by the
few milliseconds, and then a rapid transition frorgtrong electrostatic field (16@00 kV/m) due to high
electrostatic to electromagnetic dischargeH (rf voltage on the induction coil. Then the discharge
discharge) occurs to form the rf induction plasmas [1paths connect among the streamers due to the induced
During this mode transition period, induction plasmalectric field (2.55 kV/m) to form a ring-shaped
behaves transient and strongly non-linear [1, 2]. Thischarge oH discharge [Fig. 1(b)], and finally, the
phase of the rf output voltage to current is changesteady state induction plasma [Fig. 1(c)] develops due
the driving frequency is shifted from its resonancg Joule heating with the induced azimuthal current.

one, and the coil current is dropped abruptly duHng For detailed analysis oE-H mode transition, the
mode. In this article, all these transient and non-lineggaders are referred to Ref. 1.

behaviors of Ar induction plasma in atmospheric
pressure are discussed.

3. Dynamic behavior of induction plasmas

2. Experiments

In the present experiments, inverter input DC
voltage and current, rf output voltage and current, and
rf coil current are measured, and high-speed imaging 0.4 ms 1.2 ms 8.0 ms
is performed by using a 'FASTCAMKima SE’ high- (a) E discharge (bE-H transition (c)H discharg
speed camera with a frame speed of 13500 fps, t0 Fig.1 High-speed images of Ar induction plasma
analyze the transient behaviors of Ar induction
plasmas. The plasmas are sustained in a Pyrex glassThe temporal behavior of plasma loading
chamber ¢ = 70 mm,L = 200 mm) by applying a impedance (both real and reactive part), obtained by
static induction transistor (SIT) inverter power sourcthe rf voltage to current ratio, indicating a dynamic
(rating: 20 kw, 0.21.7 MHz) with a driving transition from one mode to another is shown in Fig.2.




The resistance in thE mode is very small due to acontrol remain unchanged. The temporal change of the
weak coupling of streamerlike discharge and becomgate driving frequency and the BRF conversion
high in theH mode due to the growth of the inductiveefficiency are shown in Fig. 4(a) and (b), respectively.
plasma. The reactance, on the other hand, is slighBiy. 4(b) shows that the rf power is doubled from
positive in the E mode and decreases as thabout 3.5 kW to 7 kW, thereby enhancing the-BE
development of thél mode due to plasma reaction byconversion efficiency from about 40% to 85% by
the induction current, which flows in the azimuthabringing the driving frequency close to resonance one.
direction but opposite to that of the rf coil currentThis is because by
thereby decreasing the effective coil loadingontrolling the
inductance. As a result, the phase of the rf outpdtiving frequency
voltage to current is changed and the drivinglose to resonance
frequency is shifted from its resonance value duringalue, the losses
theH mode as shown in Fig. 3 and 4(a), respectivelghainly  coming
The total load, therefore, becomes slightly capacitifeom the switch-
during theH mode thereby increasing the switchingng are considered
losses of the SIT inverter elements. As a result, thi@ become low, 0 20 40 60 80 100
inverter output power is decreased, thereby decreasip@reby increasing Time (ms)
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