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Abstract

A novel internal-type linear inductive antenna, which we refer to as a double comb-type antenna, was
developed for a large-area plasma source with substrate size of 880 mm x 660 mm (4" generation glass size).
In this study, effect of plasma confinement by applying multi-polar magnetic field was investigated. High
density plasmas of the order of 3.18 x 10" cm™ could be obtained with a pressure of 15 mTorr Ar at an
inductive power of 5000 W with good plasma stability. This plasma density is higher than that obtained
for the conventional double comb-type antenna, possibly due to the plasma confinement, low tf voltage, result-
ing in high power transfer efficiency. Also, due to the remarkable reduction in the antenna rf voltage and
length, a plasma uniformity of less than 3% could be obtained within a substrate area of 8§0 mm x 660 mm
as rf power increased.
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Fig. 1. Schematic diagram of the linear internal-type

inductively coupled plasma system used in the
experiment.
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Fig. 2. Arrangement of the permanent magnets used in

the experiment to form multi-polar magnetic
fields.
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Fig. 3. Ar" ion density measured by a Langmuir probe
at 4 cm below the antenna as a function with/
without multi-polar magnetic fields. RF input
power to the antenna was varied from 1 kW to
5 kW and the operation pressure was maintained
at 15 mTorr.
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Fig. 5. RF rms voltage and current of the internal-type
ICP measured by impedance analyzer on the
antenna located close to the rf power input for
the condition with and without the multi-polar
magnetic field. 15 mTorr of Ar was used and the
rf power was varied from 1 kW to 5 kW.

Fig. 4. Plasma potentials and electron temperatures as
a function withAwithout multi-polarmagnetic fields
measured using a Langmuir probe as a function
of RF power from 1 kW to 5 kW at 15 mTorr Ar.
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Fig. 7. Plasma uniformity of the double comb-type
antenna with multi-polar magnetic field measured
at 4 cm below the antenna as a function of if
inductive power from 3kW to 5kW with
15 mTorr Ar. lon saturation current measured
using a Langmuir probe biased at 60V was
used as the estimation of the plasma density.
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Fig. 8. Etch uniformity of SiO, film on the substrate area
of 880 mm x 660 mm measured at 5000 W of rf
power, —34 V of dc-bias voltage, and 15 mToir of
SF6 for double comb-type antenna with multi-
polar magnetic field.
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