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Investigation of Etching Characteristics for Powered Edge-Ring
Utilizing PI-VM in Capacitively Coupled Argon/SFe¢/O2 Plasma

Hyunju Lee’, Jaemin Song’, Taejun Park’, Nam-Kyun Kim™* and Gon-Ho Kim"’
' Department of Energy Systems Engineering, Seoul National University,
**Mechatronics R&D Center, Samsung Electronics Co., Ltd.

ABSTRACT

The edge ring placed on the outside of the electrostatic chuck (ESC) is a key component for protecting the ESC and
controlling the etching uniformity of the edge of the wafer. Therefore, it is very important to understand the etching
phenomenon of edge rings for edge ring management and equipment homeostasis. In this study, a specimen with SiO2
hard mask and underlying Si mold was installed on the edge ring surface and the etching results were measured by
varying the edge ring 2MHz RF power. By developing PI-VM model with high prediction accuracy and analyzing the
roles of key parameters in the model, we were able to evaluate the effect of plasma and sheath characteristics around
the edge ring on edge ring erosion. This analysis method provided information necessary for edge ring maintenance
and operation.

Key Words : Plasma information (PI), Edge ring, Capacitively coupled plasma (CCP), Virtual metrology (VM)
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Table 1. Input Dataset for PI-VM .
Category Parts Variable Description
EES 60MHz RF Generator Psom Forward Power (W)
Bottom RF Matcher Clgom Load Capacitor Position (%)
C260Mm Tune Capacitor Position (%)
Veom Vrms (V)
Isom Irms (A)
Dsom Phase Diff. between V & I (deg)
BTM Zmag Impedance Magnitude (Ohm)
BTM Zre Impedance Real Value (Ohm)
BTM Zim Impedance Imaginary Value (Ohm)
Edge 2MHz RF Generator Prageam Forward Power (W)
Edge RF Matcher Clpgeerm Load Capacitor Position (%)
C2p40e0m Tune Capacitor Position (%)
VEdgeom Vrms (V)
Igggeom Irms (A)
Prdecam Phase Diff. between V & I (deg)
EDGE Zmag Impedance Magnitude (Ohm)
EDGE Zre Impedance Real Value (Ohm)
EDGE Zim Impedance Imaginary Value (Ohm)
Sensor / ESC (TL Theory) V60M ESC Vrms (V)
PI 160M_ESC Irms (A)
Langmuir V plasma Plasma Potential (V)
Probe I electron Electron Current (A)
T, Electron Temperature (eV)
n, Electron Density (cm™)
I; Ion Current (A)
RFEA Viurface Surface Potential (V)
Viheath Sheath Potential (V)
LP, RFEA Eflux Energy Flux
OES ne OES Electron Density (cm™)
Teff OES Effective Temperature (eV)
b OES b factor for EEDF
nF_OES F Radical Density
nO OES O Radical Density
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Fig. 2. Configuration of the diagnostic system installed in
the experimental equipment.
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Fig. 3. (a) Schematic diagram of the specimen consisting of
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showing that the specimen was surrounded by bare
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