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Abstract

An optimization method for in-situ dry cleaning (ISD) and stabilization of etching equipment were developed.
The modified principal component analysis (mPCA) was used for analyzing full-spectrum optical emission
spectroscopy (OES).

OES is suitable for the monitoring of various plasma processes in mass production. The intensity of optical
emission spectra from plasma depends on the composition of plasma, and it is possible to estimate the
existence and amount of specific atoms. However, a few selected wavelength signals are generally analyzed,
and the other signals are ignored even though the non-analyzed wavelengths—which are more than 99 % of
raw data—have chemical information related to reactions in the chamber.

To solve this problem, mPCA is introduced for analyzing the full-wavelength optical emission spectra from ISD.
The mPCA is modified from the conventional principal component analysis for the real-time process
monitoring with the improving the detection limit of OES. The results show the proposed technique is
successfully applied to the development of plasma etching chamber: sensitivity enhanced ISD and stabilization
of etching equipment.
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Introduction

4@ Need for Improvement of Plasma Monitoring
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Analytical Methodology
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4 Data-mining : mPCA (Modified Principal Component Analysis)
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Analytical Methodology

4 Quantification of OES Signal Analysis
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Applications: ISD

4 ISD Optimization for Defect Control: Reference Condition
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: Reference Condition
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" Estimating Endpoint + Chemical Components Related Spectrum
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Applications: ISD
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4 ISD Optimization for Defect Control: Test Condition

I Estimating Endpoint + Chemical Components Related Spectrum
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Applications: Stabilization of Etching Equipment
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4 Optimization of Chamber Stabilization (NPW Aging) for Defect Control
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Applications: Main Etch Analysis

4 Relationship between OES-mPCA Stability and Yield
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Applications: Main Etch Analysis

4 Relationship between OES Signal Stability and Yield

: Correlation between OES signal LOT Dispersion & incomplete etching

10° _LOT disparsion 00030766, End Linearity 0.96884 , x10°_LOT disporsion 0.0050698, End Lineariy 0.99423 _ , 10°__LOT dispersion 0.009926, End Linearity 0.97755 , £10° _LOT dispersion 0039518, End Linoarity 0.62608
= A~ g”f/""'ﬁ’”
8 ol ol 3251 o
s 37 Y
S | A‘ Unstable Plasma
LOT Dispersion | LOT Dispersion .| | LOT Dispersion LOT Dispersion (LOT Dispersion)
0.30% 0.51% 0.99% , 3.95%
2.20 . .
2.00 Incomplete Etching 1
1.80 .
1.60 . *
-
Incomplete 1.40 . . ‘
etching 1 2p . . . Eaui ¢ Risk
Index 1 0o . < . quipment Ris
- -
0.80 .t : L . Detection
0.60 :
-
0.40 . .
0.20 . .
) &Koy By, ot ° L L
000 o8 pospn tlpe pods oo s 0e® - a® -
x=0.40 040 <x=0.80 080<x=1.20 1.20 <x =4.00

Binned OES_Dispersion(%)_4step

0| 2 2| DefectX| 0] D& &S+t / 2023-04-04



) SAMSUNG
Conclusion

* Plasma process optimization and fault detection are possible through mPCA analysis of OES
data.

* It was possible to use the following:

= |SD Optimization
=  Chamber Stabilization by NPW Aging

= Fault detection and yield degradation prediction in main etch processes.
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