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New Inductively Coupled Plasma Source for uGmni Etching Module - “ISM-duo”
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Our new plasma source “ISM-duo” enables the controllability of in-wafer etching rate uniformity
for uGmni etching module. ISM-duo consists of an RF current distribution unit and two separated
ICP antennas placed coaxially so as to control the spatial distribution of a plasma generated in the
process chamber. The RF current distribution to each antenna is performed at an arbitrary ratio
without depending on process parameters such as gas type, and changing the distribution ratio does
not disturb the impedance matching. These features allow a stable operation of the etching rate
uniformity control via optimizing the RF current distribution ratio for various processes. ISM-duo
delivers a new process tuning knob enlarging the process window in our etch module.
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Fig.2 Electrical circuit model of an inductively
coupled plasma.®
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Fig.1 Example of (a) an RF current distribution circuit comprised of two antenna networks where impedance and
RF current distribution ratio of each networks are determined by the C1 and C2 capacitance, and (b-d) its
electrical characteristics: (b) relation of C1 and C2 capacitance, (¢) impedance characteristics of each
current-distributed networks Zs and Zs as functions of C1 capacitance, and (d) RF current of each current-
distributed networks as functions of C1 capacitance.
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Fig.3 Equivalent circuit of an inductively coupled
plasma.®
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Fig.4 Electrical circuit diagram of RF current
distribution unit of ISM-duo. The
capacitance C1 and C2 determine the
impedance and RF current distribution
ratio of each networks while C3 and C4
are employed to minimize impedance
change of each networks due to coupling

to a plasma and mutual induction.
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Fig.5 uGmni-200 system with a single etch

module.
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Fig.6 Electrical characteristics of our RF current distribution unit: RF current distributed to the (a) inner and (b)
outer annular antennas, respectively, as functions of C1 position for discharges of several process gases,
and (c) a corresponding impedance chart of the entire load including the RF current distribution circuit,
and both inner and outer antennas.
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Fig.7 ISM-duo (ICP with Static Magnetic field -
distribution uniformity optimizable) plasma
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Fig.8 Etching rate distributions of poly silicon across a ¢200-mm wafer obtained at several RF current
distribution ratios to the inner and outer annual antennas.
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Fig.9 Etching rate distributions of aluminum across a ¢200-mm wafer obtained at several RF current
distribution ratios to the inner and outer annual antennas.
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