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Analysis of Key Wavelength in SiO: and SizN4 Etching in N> Mixed
CF4/0O; Plasma Using Explainable Artificial Intelligence (X-AI)
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ABSTRACT

Optical Emission Spectroscopy (OES) is widely used for real-time diagnostics in semiconductor processes.
Recently, virtual metrology (VM) techniques utilizing OES data have gained attention to reduce wafer measurements
and improve productivity. However, the selection of key wavelengths that influence process outcomes is still based
on expert experience or key wavelengths used in end point detection (EPD), limiting automation and objectivity. In
this study, CF4/O2 plasma with added N> was used to etch SiO: and SisNa simultaneously, and OES data were
analyzed using machine learning algorithms to identify key wavelengths closely related to the etch rate (ER) and
selectivity of SiO: and SisN4. Unlike traditional experience-based methods, this data-driven approach enabled the
identification of previously overlooked wavelengths, demonstrating their significant impact on process outcomes in
real-time monitoring.

Key Words : silicon oxide, silicon nitride, optical emission spectroscopy (OES), mixed-gas plasma, explainable
artificial intelligence (X-Al)
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Fig. 1. The limitations of vertical etching in ON stack
structures.
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gence (XAI).
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Fig. 3. Experimental setup.
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Table 1. Recipe of experiment
Run Gas(scem) Pressure | Source | Bias | Time
CF [ 02 [ No [ Ar |(mTom) | (W) | (W) | (se0)
1 40 4 0 4 5 300 | 25 30
2 40 | 4| 2| 4 5 300 | 25 | 30
3 40 4 4 4 5 300 | 25 30
4 40 4 6 4 5 300 | 25 30
5 40 | 4 | 8 | 4 5 300 | 25 | 30
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Fig. 4. Spectrum of CF4/O2/N2 plasma based on N2 flow rate.

Table 2. Result of wavelength selection

Species Wavelength (nm)
Ar 750.87
704.1
F
686.5
778.01
(0]
845.08
247.04
NO
258.32
358.13
337.62
N2 316.08
379.93
3944
CN 388.92
296.58
CcO 283.27
483.21
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Table 3. Model performance evaluation result

Model Target R-Square MAE
SiO2 ER 0.99 0.4564
XGBoost SisNg ER 0.92 74.4672
Selectivity 0.99 0.0014
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